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when the at least one primary communications link is determined to be lost.
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MULTI-CONNECTIVITY SUPPORT AND FAST CELL SWITCHING FOR
MMWAVE CELLULAR RADIO ACCESS TECHNOLOGIES

TECHNICAL FIELD

Embodiments described herein generally relate fo the field of wireless

communications systems.
BACKGROUND

Various wireless celiular communication systems have been implemented or are being
proposed, including a 3rd Generation Partnership Project (3GPP) Universal Mobile
Telecommunications System (UMTS), a 3GPP Long-Term Evolution {LTE) system, a 3GPP
LTE-Advanced syster, and a 5th Generation wireless system / 5th Generation mobile
networks (3G} system / 5th Generation new radio (NR) svstem.

Some proposed cellular communication systems may incorporate radio frequencies
mncluding one or more frequency bands between 30 gigahertz and 300 gigahertz.
Corresponding with radio wavelengths from 10 mm to 1 mm, such communication systems

may sometimes be referred fo as millimeter wave (mmWave) systems.

BRIEF DESCRIPTION OF THE DRAWINGS

The embodiments of the disclosure will be undersiood more fully from the detailed
description given below and from the accompanying drawings of various embodiments of the
disclosure. However, while the drawings are to aid in explanation and understanding, they
are only an aid, and should not be taken to limit the disclosure to the specific embodimenis
depicied therein,

Figure 1 shows a proposed multi-connectivity network architecture according to
exammples;

Figure 2 shows an example of a possible end to end (¢2e) user-plane protocol stack
for the proposed multi-conmectivity network architecture of Figure 1;

Figure 3 shows an example of a possible end to end {eZe) conirol-plane protocol stack
for the proposed multi-connectivity network architecture of Figure 1;

Figure 4 shows a first optional example of how PSS/SSS/SLS synchromization signals
from neighboring cells may be distributed m a frame;

Figure 5 shows a second optional example of how PSS/SSS/SLS synchronization

signals from neighboring cells may be distributed in a frame;
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Figure 6 shows how a short broadcast (sBCH) according {o examples may be
aliocated in a subframe with three sectors: A, B, and C;

Figure 7 shows how a persistent Scheduling Request request message (pSR-REQ) and
a persisient Scheduling Request response message (pSR-RSP) may be allocated in a special
subframe, around the existing content;

Figure 8 shows how the pSR-REQ and pSR-RSP messages roay be allocated in a
normal subframe, around the existing content;

Figure 9 shows a high level flow diagram of a method of detecting communications
link toss according 1o an example,;

Figure 10 shows a portion of a method for a UE to detect the loss of a primary
communications link and the resultant switch of 1ts pimary cell, according to some
examples;

Figure 11 illustrates hardware processing circuitries for a UE and eNB, in accordance
with some examples;

Figure 12 shows an example implementation of an electronic device {(g.g. UE or eNB)
i accordance with some examples;

Figure 13 shows a diagrammatic representation of hardware resources in accordance
with some exampleas.

DETAILED DESCRIPTION

Millimeter wave (mmWave) systems have a potential to provide enormous
bandwidth. mmWave systems may also be called high freguency band svstems, or extremely
high frequency band systems. Due to the potential bandwidth, mmWave systems are a
candidate for supporting future 5G systems. In some cases, mmWave small cells may be
deployed in an LTE-assisted “anchor booster” mode. In other cases, mmWave small cells
may be deployed to operate in a standalone manner {e. g, without assistance from an LTE
macro cell). A cell is a logical concept, and may be referenced as a Radio Access Network
{or part thereof). A cell may be provided by a single evolved Node-B (eNB) and Radio head
end, or multiple radio head ends of an eNB, dependent on the particular cell provision
architecture. This is to say, an eNB is a physical equipment, and an eNB may operate one, or
mutiiple cells.

High frequency band systems such as mmWave systems may require directional

beamforming on the part of both an Evolved Node-B (eNB) {(or Access Point {AP)/Base
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Station {BS)) and a User Equipment {(UE) (or Station {STA)) in order to achieve a Signal-io-
Noise Ratio (SNR) conducive to establishing a communication link at the frequencies used.
Accordingly, an imitial acquisition procedure or access procedure may be used to allow an
eNB and a UE to determine the best transmission (TX} and/or receiving (RX) beamforming
directions {or beams) for establishing directional connections. Since a mmWave
communications link 1s lughly directional and sensitive to the environment, it can therefore
be easily blocked (where blocked includes anv way in which a communication link between a
UE and eNB may be broken or lost — 1.e. including where the UE is no longer able o
communicate with a eNB (or vice versa} at all, or simply not at a level with sufficient pre-
determined performance). Thus examples include total blockages, as well as deemed
blockages where communication performance falls below an acceptable (i e. pre-determined)
performance level. In order to reduce the detrimental impact of a lost cornmunications tink
between a UE and eNB making use of mmWave frequencies for coramunications
therebetween. According to examples, a fast cell switching procedure may be provided to
temporarily transition to an alternative (i.e. secondary} mmWave communications link, which
serves as a “hot standby” to the main (1.e. privoary ) mmWave commnunications link that can
be used to nuninuze service disruption due to blockages. In some examples, the primary or
secondary commmumications links may be Radio Access Technology (RAT) other than a
mmwWave RAT.

The described fast cell switching procedure(s) may therefore be advantageous in
designing an mmWave system or other high frequency band system that is more resilient,
The described fast cell switching procedure(s) may utilise a dual-conneciivity (D)
procedure to use the {more robust) LTE communications link as the anchor, and the 3G
mmWave communications link as the booster. This 1s to say, the “hot standby” alternative
communications link may be another mmWave communications link, or a completely
differant radio access technology type communications link. In the dual-connectivity (BC)
procedure, the UE may maintain both communications links such that whenever the 5G
mmWave communications hink is temporarily lost, the UE’s data traffic can be seamlessly
moved to the LTE communications fink.

Moreover, the described fast cell switching procedure(s) may also utilise multiple
commumcations hnks (e.g. >2) simultaneously, in which sttuation it may be called a multi-

connectivity (M) procedure, to allow for fast switching among the multiple communications
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links. According to examples, mmWave cells may be simtlar in terms of coverage and
reliability (1o each other),

The described examples may provide procedures and techriques that are
advantageous for both the case of stand-alone deployments (i.e. a single anchor, with
effectively only a primary communications link} as well as dual/multi-connectivity
deplovments (for example where an anchor-booster arraignment 1s used, with effectively both
primary and secondary commumications links, and potentially multiple of one or each). In
each case, advantages inchude the maximisation of the use of the mmWave Radio Access
Technology (RAT )/ cells.

According to examples, while dual conmectivity based principles may be used to
allow for secondarv cells to serve as standby communications links, examples may also
provide further optimizations within the radio network to address issues ansing from the
directional access nature of nunWave based RATs.

According to examples, optimizations provided may support dual/multi-connectivity
for mmWave based radio networks, which may include extensions to the dual connectivity
architecture.

Specificallv, according o examples, there are proposed the following fundamental
building blocks to enable high-performance and high-etficiency mukti-connectivity and
support fast cell switching for mmWave based RATs, and between mmWave cells in
particaiar (both between different mmWave cells, and between mmWave cells and other
5G/UTE, 1.2, non mmWave, RAT cells). One of the key issues addressed by examples
described herein is the problem of how to switch to alternative communications links at a UE
iffonce the UE’s (original) primary serving cell 1s blocked, resulting in both the respective
control and data binks being lost and particularly how to switch to alternative communications
links efficiently.

Accordingly, examples provide a new multi-connectivity network architecture which
ts based on dual connectivity principles but extends this to multi-connectivity by including
some key changes that address switching of both the control plane and user plane trafficto a
secondary cell/eNB, when the primary mmWave communications link is blocked. According
1o some examples, the secondary cell(sVeNB(s) advantagecusly serve{s) in a “hot standby”™
mode (i.e. in a mode where they can be utilised immediately ).

Examples also provide a new method to coordinate DownlLink (DL} synchronization

and/or broadcast channel{s) and/or Sector Level Sweep (SLS) among neighboring cells. In
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some examples, this may advantageously provide aloose (i.e. only operational at symbol-
level tume frames) time synchronization,

Exaroples also provide any one or more of: a new DL broadcast channel, a new DL
control channel, or a DL reference signal. Any one or more of these may be advantageously
used as a fast communtcations link loss detection mechanism.

Examples also provide a new method to maiotain a low overhead control link with
any secondary cells/eNBs put into use that advantageously allows for fast switching when the
control link with the primary cell 1s fost (noting that, typically, if the control link s lost,
whether data link s stilf connected does not matier much, because a UE will lose the
connection anyway ). The term ‘low-overhead” may be considered to mean any system that
uses a minimised (or near minimised) level of wireless resources available in respective the

Radio Access Network {(RAN) or RAT.

Examples also provide a UE-~based fast cell switching procedure.

Throughout this disclosure, current LTE terminology for the entities involved are used
{e.g. UE, eNB, etc.}. This is done mainly to identify a node from 4G/LTE which may share
similar logical/conceptual functionalities in 5G, however, it will be appreciated that the actual
{accurate) name for those nodes in a 3G svstem has not been finalized in 3GPP standards yet,
and so the present disclosure is not limited in any way to the specific terms used.
in the following description, numerous details are discussed to provide a more thorough
explanation of embodiments of the present disclosure. Tt will be apparent to one skilled in the
art, however, that embodiments of the present disclosure may be practiced without these
specific details. In other instances, well-known structures and devices are shown in block
diagram form, rather than in detail, in order to avoid obscuring embodiments of the present
disclosure.

Note that in the corresponding drawings of the embodiments, signals are represented
with lines. Some lines may be thicker, to indicate a greater number of constituent signal
paths, and/or have arrows at one or more ends, to indicate a direction of information flow.
Such indications are not intended to be limiting. Rather, the hines are used in connection with
one or more exemplary embodiments to facilitate easier understanding of a circuit or a logical
unit. Any represented signal, as dictated by design needs or preferences, may actually
comprise one or more signals that may travel in either direction and roay be implermented

with any suitable type of signal scheme,
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Throughout the specification, and in the claims, the term "connected” means a direct
electrical, mechanical, or magnetic conneclion between the things that are commected, without
any intermediary devices. The term "coupled” means etther a direct electrical, mechanical, or
magnetic connection between the things that are connected or an indirect connection through
one O more passive or active intermediary devices. The term "circuit” or "module" may
refer to one or more passive and/or active components that are arranged to cooperate with one
another to provide a desired function. The term "signal” may refer to at feast one current
signal, voltage signal, magnetic signal, or data/clock signal. The meaning of "a," "an,” and
"the" include plural references. The meaning of "in" includes "in" and "on."

"non non o it

The terms "substantially,” "close," "approximately.” "near.” and "about" generally

refer 1o being within +/- 10% of a target value. Unless otherwise specified the use of the

ordinal adjectives "first,” "second,” and "third,” elc., to describe a common object, merely
mdicate that different instances of like objects are being referred to, and are not intended to
imply that the objects so described nst be in a given sequence, etther temporally, spatially,
in ranking, or in any other manner.

It 1s to be understood that the terms so used are interchangeable under appropnate
circumstances such that the embodiments of the invention described herein are, for example,
capable of operation in other orientations than those illustrated or otherwise described herein.

(11

The terms "lefi,” "night,” "front.” "back." "top."” "botiom,” "over," "under," and the like in the
description and i the claims, if any, are used for descriptive purposes and not necessarily for
describing permanent relative positions.

For purposes of the embodiments, the transistors in various circuits, modules, and
logic blocks are Tunneling FETs (TFETs). Some transistors of various embodiments may
comprise metal oxide semiconductor (MOS) transistors, which include dramn, source, gate,
and bulk terminals. The transistors may also include Tri-Gate and FinFET transistors, Gate
All Around Cylindrical Transistors, Square Wire, or Rectangular Ribbon Transistors or other
devices implementing transistor functionality like carbon nanotubes or spintronic devices.
MOSFET symmetrical source and drain termunals i.e., are identical terminals and are
imterchangeably used here. A TFET device, on the other hand, has asymmetric Sowrce and
Drain termunals. Those skilled in the art will appreciate that other transistors, for example,
Bi-polar junction transisiors-BIT PNP/NPN, BiICMOS, CMOS, etc., may be used for some

transistors without departing from the scope of the disclosure,
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For the purposes of the present disclosure, the phrases "A and/or B and "A or B"
mean {A), (B), or (A and B). For the purposes of the present disclosure, the phrase "A, B,
and/or C" means (A), (B), (C) . (Aand B), (Aand C), (Band C), or (A, Band C).
In addition, the various elements of combinatorial logic and sequential iogic discussed in the
present disclosure may pertain both to physical structures {(such as AND gates, OR gates, or
XOR gates), or to synthesized or otherwise optimized collections of devices implementing
the logical structures that are Boolean equivalents of the logic under discussion,
In addition, for purposes of the present disclosure, the terms “eNB,” “AP,” “5G eNB,”
“mmWave eNB,” “mmWave small cell,” and “base siation” may be substantially
interchangeable. For purposes of the present disclosure, “UE,” “STA,” “3G UE,” and
“mmWave UE,” and “mobile equipment” may be substantially interchangeable.
In the various embodiments discussed below, an eNB and/or a UE may be calibrated for
directional reciprocity. Accordingly. the same beam (and/or sector) may be both a best TX
beam {and/or sector} and a best RX beam (and/or sector), and may have substantially the
same Angle of Departure and Angle of Arrival. Moreover, some embodiments discussed
below may employ a Time-Division Duplex (TDD) scheme, but other ernbodiments may
erplov another scheme such as a Frequency-Division Duplex (FDD) scheme.

1: Multi-Connectivity Metwork Archifecture

Figure 1 shows the proposed multi-connectivity network architecture 100 according to
examples. The examples are described in terms of the entities and hinks used i the 4G/LTE
standards, but the principles may equally be appliad to any other simiiar function entities in
existing or newly proposed 3G systems and mmWave svstems in particular. In Figure 1, there
s a UE 110, connectable to eNBs 120-140 via Uu Iinks 115, where Uu 15 the name for the
standard radio interface between the UE and the eNode B. Meanwhile, the eNBs are connect
to one another, for example via X2 interfaces 135, where X2 is the name for the standard
radio interface between the eNode Bs. The eNBs are connecied to the serving gateway (S-
GW) 150 of the core network via respective S1 links 145, The S-GW 150 is connected to the
rest of the core network via the Packet Data Network (PDN) - Gateway, P-GW 160 via
suitable links, such as the 85 or S8 links 155.

in the exarple shown, a UE 110 may connect to multiple eNBs simultaneously, in
this case eNBs #A 120, #B 130 and #C 140, In this Figure, there is shown a muiti-
connectivity arrangement where there 15 a single anchor eNB (eNB #A 120) and two booster

eNBs (eNBs #B 130 and #C 140). Thus, in this arrangement, the UE 110 only has one anchor



[#2]

10

15

20

25

30

WO 2018/013110 PCT/US2016/042134

eNB, and all other eNBs are booster, however other arrangements with multiples of each eNB
tvpe (anchor or booster), or a multiple of at least one type (e g boosters), may also be
provided in other examples.

in this example, the anchor eNB #A 120 is responsible for all (i.e. both user-plane and
control-plane} communications between the UE 110 and the core network (5-GW//P-
GW/MME, etc.). This is shown in Figure 1 by the bold line for the central S1 interface
between anchor eNB #A 120 and the S-GW 150.). Meanwhile, the booster eNBs (#B 130/4C
140} is/are only responsible for communications with UE in the RAN (i e. responsible only
for UE to eNB commumications).

in the disclosed examples, the UE 110 may have multiple RAN connections, where a
RAN connection is a communications link from the UE to a {possibly different) eNB. Whilst
the anchor eNB will always control the UE"s main link o the core network, the UE s RAN
communications links may be classified as either a primary communications link 180 or a
secondary communications link 190,

The UE 110 uses 1ts primary communications links 180 to send and receive data
traffic, and its secondary communications links 190 as back-up in case if/when {any of ils
primary comnumnications links are lost). If UE 110 has multiple primary communications
links, UE’s 110 data traffic may be split over these primary communications links, 1.e. a form
of bearer splitting may be implemented. Where a secondary communications Hink is used by a
UE 110, the respective user-plane/control-plane data may be sent {o the anchor eNB 120 viaa
respective X2 link (i.e. forming an indirect link from the UE 110 to the core network)

A way to view the newly proposed system of Figure 1, as described above, is that it
decouples the traditional anchor functionality {0 connect to the core network from the
traditional anchor functionality of providing the air interface to the UE (as per the usual
anchor-booster type arrangement). In this way, muliple secondary communications {air
interface) links between the UE 110 and respective (secondary, booster type) eNBs (e.g. #B
130, #C 140) may be used (each being carried to the anchor eNB {(e.g. #A 120) via an X2 link
135, Another way to view this is that there is a single point/path of entry to/from the UE 110
from the core network point of view, but mukltiple points/paths of entry to/from the UE 110,
from the UE point of view. The following description and examples therein detail how this
arrangement may provide benefits, and may be used to provide new functionality not

available to previous directional communications systems.
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Figure 2 shows an example of a possible end to end (e2e} user-plane protocol stack
200 for the proposed multi-connectivity network architecture of Figure 1.

In this Figure, there is shown a UE 110 cormected to thres eNBs — an anchor eNB #A
120, and two booster eNBs - #B 130 and #C 140. The anchor eNB #A 120 acts as the UE’s
main/only link to the core network (i.e. all other UE traffic, which mav be served in the RAN
by the other booster eNBs, must still route through this anchor eNB). The booster eNBs - #B
130 and #C 140, act to only provide RAN access to the UE and sends all the UE traffic
to/from the core network via the anchor eNB #A 120 (via, e.g. the X2 mnterfaces 135},

The UE connecis to each of the eNBs via a respective one of the usual UE-eNB
nterfaces (ofien referenced the Uu interface) 115, The eNBs connect to each other over the
usual eNB to eNB interfaces {often referenced the X2 interface).

In a UE 110 according to the present disclosure, there is provided a new multi-
connectivity control entity in the protocol stack, which 1s being called the Multi-Connectivity
Convergence Protocol. This is shown, for the UE (for user-plane portion} as entity MU CP-u
111, This is located in the UE’s protocol stack between the IP layer, and the PDCP laver for
each conmection n use (three are shown in this figure, but there could be more or less in other
implementations).

A similar complementary eNB-side MCCP-u entity 121 is shown in the anchor eNB
#A 120. In the user-plane (i.e. user data), there may be no need for a MCCP-u protocol entity
in the boosier eNBs, since they are only passing daia along to the anchor eNB according to
the control of the MCCP-¢ protocol entities discussed below.

The rest of the disclosed protocol entities, e.g. the PDCP, RLC, PHY/MAC, GTP-U,
UDP and IP entities all operate in thetr usual way, and are therefore not described in any
further detail here.

Figure 3 shows an example of a possible end to end {eZe) conirol-plane protocol stack
300 for the proposed nudti-connectivity network architecture of Figure 1.

As shown in this figure, each of the eNBs and the UE 110 now also include a Multi-
Connectivity Convergence Protocol conirol-plane laver entity (MCCP-¢), which are shown as
items UE MCCP-¢ 112, eNB #A MCCP-¢ 122, eNB #B MCCP-¢ 132, and eNB #C MCCP-¢
142, respectively. These are provided at each location, because control of data and control

flow may be carried out (or at least implemented) at any or all of their locations.
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Again, the rest of the disclosed protocol entities, e.g. the NAS, PDCP, RLC, PHY/MAC,
GTP-U, UBDP, IP, and RRC entities all operate 1n their usual way, and are therefore again not
described i any further detail here.

In these figures, the UE 110 may send or receive data traffic via its anchor eNB 120
directly, or via its booster eNB (130, 150}, which then communicate with the anchor eNB 20
over the X2 interface 135, The proposed multi-connectivity convergence u-plane protocol
{(MCCP-u) operates above/over the individual RAN stacks (above PDCP), and it may manage
how a UE’s 110 data traffic are routed over multiple primary links 180. Unlike in the 3GPP
R13 dual-connectivity solution, all cornmurications links between the UE and the respective
eNBs (i.e. both primarv and secondary Uu links) have their own complete user-plane and
control-plane stack, and therefore may operate independently to one another. In some
examples, support for above PDCP bearer splitting in the proposed MCCP may be provided.
Also, in some exarmples, neighboring eNBs may coordinate with each other, for example via
the X2 Application Protocol, that may be run over the X2 interface between eNBs.

2: Inter-Cell Coordination for Synchronization and Sector Level Sweep (SLS)

Since it may be difficult to achieve tight symbol level synchronization between
mmWave cells, examples may have all the neighboring mmWave cells coordinate with each
other in order to maintain a fixed offset between when each SLS 15 aliocated in neighbouring
eMNBs, i.e. provide what is calied herein an “SLS Start Offset”. An explanation of this may be
as follows, Let’s use Dy 1o indicate the “SLS Start Offset” for cell #k, where:

D =k X Tosper, where k=1~ N ()

According to an example, the eNB should broadcast the parameters (K, N, Togseg) 10
the UE 110 as part of the system mformation sent in the DL control channel, so that the UE
110 knows it which superframe/frame/subframe a respective synchromzation signal (e.g.
Primary Svnchronization Signal (PSS)Y/Secondary Synchronization Signal (S858Y Sector
Level Sweep (SLS) signal) mav be transmitied in its neighboring cells. If neighboring celis
are tightly synchronized at the Cyclic Prefix (CP) level, then the UE 110 can synchronize
with all neighboring cells simultansously with the same clock and we may configure Topre =
0 such that the SLS signals from neighboring cells occurs at the same time. Tight
synchronization may be defined as any timing difference between cells/eNBs of a syrabol or
less, such as 10% of a symbol transnussion time.

Otherwise, if cells are looselv synchronized at the svmbol level, which is a more

likely use-case scenano, the UE 110 may keep a separate clock and timing regime for each of
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the cells/eNBs that it connecis to. In which case, Taprse, may be configured to be a value > 0
such that the UE 110 can perform SLS for different cells at different times, 1.e. this may
provide a form of Time Division Multiplex {TDM) of the SLS process. Tn this case, N
determines the maximum number of eNBsg that a UE 110 can connect to simultaneously .
Figure 4 shows a first optional example of how PSS/S5S/SLS signals from neighboring cells
may be distnibuted m a frame with N = 3 and Topree = 1 subframe.

in particular, Figure 4 shows a timneline for how PSS, §88, and SLS signals may be
allocated in neighboring cells. In Figure 4, we show SLS {sector level sweep) allocations for
UE (receiver) sector sweep signals {RXSS) and eNB (iransmitter) sector sweep signals
(TXSS) respectively, where PSS 422/432/442 and SLS 428/438/448 are the eNB (transmitler)
sector sweep signals (TXSS), while 5585 424/434/444 and SLS 426/436/446 are UE
{receiver) seclor sweep signals (RXSS).

The PSS and SS8 signals are used for tutial acquisition, and the SLS signal are used
after inttial acquisition 1s completed successfully and respective UE is attached. In this
example, notice that all the PSS signals {e.g. P55 422/432/442) always occurs before the
S88 signals {e.g. 888 424/434/444). Previously, the UE RXSS would occur during S8 and
eNB TXSS would occur during PSS, However, 1o this example, all PSS or 85Sin
neighboring cells occurs at the same time, while respective SLS occurs with a fixed time
offset, Tomser 435 {or multiples thereof for higher numbered cells, e.g. 2Topre 445).

Note that the PSS/S8S signals are only needed during initial acquistiion, and this is why they
may occur in the same {e.g. first} subframe.

Figure 5 shows a second optional example of how PSS/SSS/SLS signals from
neighboring cells may be distributed in a frame with N = 3 and Togse: = 1 subframe. In Figure
5, we show SLS allocations for UE RXSS and eNB TXSS respectively, where PSS
522/532/542 and SLS 528/538/548 are eNB TXSS, while S88 524/534/544 and SLS
526/536/546 are UE RXES.

In particular, Figure S shows a tirneline {or offsetting the PSS, 888, and SLS signals
in neighboring celis.

Notice that the offset, Tonw 535 {or multiples thereof for higher numbered celis, e g.
2T omser 5453, 15 simiply being applied to the entire frame, which is a simpler arrangement {o
that shown in Figure 4.

3: Enbhanced Downlink Contrel Channel for Link Loss Detection
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The Physical Downlink Control Channel {(PDCCH) occupies the first few symbols of
a subframe, and 50 1t can be used by the UE 110 to detect communications link loss,
However, the eNB may not be able to send the PDCCH sufficiently often to prevent a link
loss being assumed detected at the UE 110 when using the PDCCH alone to detect
communications link loss. For example, where an eNB is sectorized, it may not be able (o
send the PDDCCH over all 1ts sectors simultaneously due to the link budget (1.e. wireless
resources) constraints. In such situations, some examples may provide that the eNB may use
all 1ts RF chains together to send the PBCCH signal over each sector, one at a time.

For example, the eNB may have two sectors: A and B, and two UEs: aand b. UE #a
may connect to eNB via sector #A; UE #b may cornnect to eNB via sector #8. Here, it may be
assumed that the eNB can only send the PDCCH over sector A or B at a time, but not both. In
this example, if the eNB has lots of data traffic for UE #a, eNB will send the PDCCH over
sector #A in consecutive frames to schedule UE #a’s traffic. As a result, eNB won't send the
PDCCH over sector #B for a period of time, so that the UE mayv mistakenly detect
communications link loss if it only relies on the receipt of the PDCCH.

To provide advantages for this sort of situation, according to examples of the present
disclosure, a new downlink broadcast channel (or another control channel, such as a Beam
Reference Signal (BRS)) may be used. In the following this shall be named the shortened
Broadcast CHannel (sBCH), but anv other name may equally be used. The sBCH mav be
allocated 1o the available wireless resources, such as subframe, after the PDCCH (f indeed 1t
is allocated). The actual allocation of the sBCH in time and frequency within a subframe may
be configured through the (e.g. broadcasied) system information. The length of the sSBCH
may vary, but, the maximum may be fixed (denoted as W), and provided to UEs as part of
systern information. The sBCH may indicate the Cell ID and other resource parameter, such
as the relevant sector index. In the sBCH, the relevant eNB may send the same symbol
repeatedly, for example over the selected seciors. By way of explanation of this process, let’s
define the following parameters:

Tsacir the sSBCH/BRS mterval;

K. the number of symbols in the PDCCH;

N: the maxsimom number of symbols of the sSBCH/BRS;

m: hink loss detection threshold;

Figure 6 shows how the sBCH may be allocated 600 in a subframe with three sectors:

A, B, and C. In this example, PBDCCH 610 is sent over sector #A to schedule the UE’s traffic
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on this sector (i.e. the PDCCH is only to schedule for the sector which it is using} and the
sBCH 620 15 sent over sectors #B and #C for link loss detection.

The sBCH 620 have value n = 2, since 1t 1s sent over two sectors in this example.
Other values of n may be used, and will depend on the number of other sectors involved.
Meanwhile, the respective downlink data then follows 640 the PDCCH/sBCH 1in the usual
way. According to the example structure of the sSBCH of Figure 6, an exarnple proposed
PDCCH/sBCH based link loss detection procedure may works as follows:

Step 1: If the primary eNB #A 120 has not sent the PBCCH or sBCH over a sector in
the last Tegep subframes, the eNB 120 may send the PDCCH over the sector if nothing
prevents it from doing 50; otherwise, the eNB 120 may send sBCH over the sector after the
first K symbols, and the PDCCH {(sent over a different sector} may also indicate that the first
n symbols {(where n <N} after the PDCCH (e after the end of the PRCCH) 15 reserved for
the sBCH;

Step 2: the UE 110 receives the first K symbols of every subframe for PDCCH from
its respective primary eNBs. H the UE 110 does not receive these first K symbols of every
subframe for PDCCH from its primary eNBs correctly, it may continue to receive the nest N
symbols for the sBCH. I the UE 110 has not received the PIDCCH or sBCH from its primary
eNB in last m X Tegey subframes. then the UE 110 can assume 118 connection to the
respective primary eNB is lost.

The primary eNB #A 120 may broadcast (m, K, N, Tipen) to the UE 110 as part of
system information.

in some alternative exampies, a new enhanced {cell-specific) Reference Signal (eR5)
may be persisiently allocated for every Transmut Time Interval (TTD). The eRSs time and
frequency allocation information may also be provided in the system information, and may be
mapped 1o a sector index, and the eRS itself may also carry the Cell i1y information. Thus, the
UE 110 can detect communications link loss directly by measuring eRS. if the UE has not
received eRS from its last m x Tepg subframes, then the UE 110 can assume 1ts connection o
the respective primary eNB is lost.

The foregoing is described in an example deplovment using an eNB with sectors, as
this is a more typical arrangement with the directional nature of mmWave communications.
However, the principles of the present disclosure mav equally be applied 1n deployments not
wilising sectors.

4: persistent Scheduling Request (pSR) allocation for secondary control link
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After the UE 110 detects link loss in its primary cell (i.e. as being served by eNB #A
120}, the UE 110 needs to swilch over to one of its secondary cells {(e.g. as served by eNBs
#B 130 or #C 140) as quicklv as possible. This mav be achieved using a light-weight
scheduling request procedure as now described, according to examples of the present
disclosure. The proposed light-weight scheduling request procedure may provide the
advantage that the UE 110 mayv maintain UpLink (UL) svnchromzation with its secondary
cell, and also send out the request to switch the primary cell via the secondary control hink.
Similarly to LTE, the UE’s 110 persisient Scheduling Request {(p5R)} in the secondary cell
may also be persistently allocated. In some examples, the pSR may be sent every Transmit
Time fnterval (TTY), although in other examples the pSR may be sent less regularly, e.g. at/on
intervals of more than one TTL Altering the regularity of sending the pSR may affect time to
detection, but less regular sending 15 more wireless resource efficient. Thus, the pSR
transmission interval mav be use-case specific.

In addition, the UE’s 110 primary eNB {e.g eNB #A 120) mav coordinate with iis
secondary eNB (e.g. eNB #B 130} to reconfigure the UE’s 110 pSR in the secondary cell.
Moreover, in some examples, a new way to indicale how the pSR is allocaied may be
provided, which can be used for a normal subfrare or a special subframe in which Downlink
(L) synchronization or a broadcast channel (e g the PSS/SS88/ Broadcast Channel (BCH))
occupies the last few symbols of a subframe. According to such examples, the following
parameters may be defined:

dpsrruo: the offset in terms of symbols between the first symbols of the persistent
Scheduling Request message sent on the Uplink (i.e. pSR REQ message (UL)) and the last
symbol that can be used for DL/UL allocation (excluding PSS/SSS/BCH allocation) in the
respective subframe;

dpsr-rsp: the offset in terms of symbeols between the first symbols of the pSR REQ
message (UL} and the first symbol of the pSR RSP message (BL);

Tpsr: the eycle ime of the persistent Scheduling Request (in terms of
slots/subframes), 1.2. how ofien a persistent Scheduling Request i sent in a subframe — for
example, it may be every subframe {which is very reactive to link loss, but not wireless
resource efficient, or it may be every x subframes, e.g. 10 subframes, which is a more
efficient use of the wireless resources available, but is a trade off on reactivity to acting on

the link loss;
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Figure 7 shows how the pSR-REQ and pSR-RSP messages may be allocated in a
subframe, around the PDCCH, PSS/S85/BCH, etc of a special subframe, while Figure 8§
shows how the pSR-REQ and pSR-RSP messages may be allocated in a normal subframe.
The main point of these figures is to show that the persistent Scheduling Request (pSR) is
scheduling in a persistent place in the respective subframe, set by the parameters: dysr-rro
730, dysrerse 740, and Tpsr. Notably, the persistent scheduling seeks {o place the pSR at a
point referenced from the last symbol that can be used for UE-specific resource allocation,
which is from the end of the respective subframe (for normal subframe), or from the last N +
1 symbol of the subframe if the last N symbols are used for PSS, 8588, BCH, or 8LS, or any
other signals (for special subframe) In any case, the UE’s 110 primarv eNB (e.g. eNB #A
120) may coordinate with a secondary eNB(s) (e.g. eNB #B 130 or #C 140} to reconfigure
UE’s pSR {(dysr-req, dpsr-rse, Tpsr).

S: Fast Cell Switching (FUS) Procedure

Figure 9 shows a high level flow diagram of a method 900 of detecting
commumications link loss according {o an example.

The method may be preceded by a respective primary eNB sending 905 the sBCH
broadcast parameters discussed above to the UE, for example in the system information.

At step 910, the UE can seek to detect whether #is (respective, or at least a one of its
respective) primary communications bink(s) with the primary eNB has been lost (i.e. blocked)
through use of the PDCCH, sBCH or the eRS signals, as discussed in detail above. In
particular, the loss of a communications hink may be determined by the incorrect or non-
receipt of the respective control signal (PDCCH, sBCH or eRS8}. If this happens, the result of
the “correct receipt test” is negative 9235, so the method moves {o step 930, which determines
the respective primary comnumnications link is lost, and so instigates the fast switching cell
procedure, for example, as discussed in detail below, with respect to Figure 10.

if the “correct receipt test’ test result is postiive, 915, the primary connection is OK
920 and may continue 1o be used. The test 910 may then repeat in due course.

Figure 10 shows, in more detail, some key steps in a method 1000 for the UE 110 to switch
its primary cell, according to a FCS procedure according to some example embodiments.

In the example of Figure 10, it is assurned the UE 110 is connected to one anchor eNB (#A)
120 (i.e. the eNB currently primary) and two booster eNBs — eNB #B 130 (r.e. a first
currently secondary eNB) and eNB #C 140 (i.e. a second currently secondary eNB}, and that

the secondary eNB that will be made the primary 1s eNB #B 130.
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At the very beginning, the anchor eNB (#A) 120 1s primary, and the booster eNB (#B)
130 is secondary. The UE 110 1s configured with the periodic pSR 1010 from eNB #B 130 s0
that it can maintain UL synchromization in the secondary cell while transferring data in the
primary cell. The UE transfers data in the primary cell using communications links provided
to the UE by the primary cell eNB. The periodicity of the periodic pSR is set by the
parameter Tygr.

During the use of the primary communications links, while they are still working
normally (i.e. not considered lost or broken), the PDCCH/sBCH/eRS are transmitted 1020 by
the primary eNB #A 120 and correctly received by the UE 110, This is to say the UE 110
continues to receive the PDCCH or the sSBCH, or the eRS, from its primary eNB (#A) 120
and the pSR from the secondary eNB (#B) 130

However, when the UE 110 fails to correctly receive any one or more of the PDCCH,
sBCH or eRS, as discussed above, the pumary communications links between the UE and the
primary eNB are considered lost or broken. This is shown by the crosses 1025 for the second
and third PDCCH/sBCH/eRS transnussions 1020. This may be carried out within atime
frame defined by m X Tegep, as shown, and discussed in detatl above. When the UE 110
detects communications hink loss, 1t may irigger the FCS procedure 1040 (see more details in
the above section 3).

Meanwhile, the UE 110 continues to receive the pSR signals from the secondary cell
eMNB, but can only act to request a transfer of the data being sent over the (now lost) primary
communication link to a working ‘hot swap” secondary communications link provided by a
secondary eNB {(g.g. eNB #B 130} at the next allocated pSR transmission,

Once the FCS procedure 1040 1s triggered, the UE 110 selects one of s secondary
eNBs (in this case, as noted above, eNB #B 130) as its new primarv eNB based on for
example received signal strength or other measurements. and go to siep 4.

Therefore, the UE 110 can send out the FCS REQ message (e.g. as part of pSR-REQ}
to the selected secondary eNB (eNB #B 130} at 1050,

The selected eNB (eNB #B 130) will respond to the FUS REQ message received from
the UE 110 with the FCS RSP message {e.g. as part of pSR-RSP} to confirm the swiiching at
1060,

The old secondary eNB #B 130 1s now the new primary eNB. Thus, wireless UH-eNB

interface traffic/data (i.e. that to be sent between the respective UE and “the wireless



[#2]

10

15

20

25

30

WO 2018/013110 PCT/US2016/042134
17

network” (= an eNB}} will now be sent to the new primary eNB, and that may be routed to
the core-network via the anchor eNB if the new primary 1s not the anchor eNB.

Next, the new primary eNB (eNB #B 130) will send the FCS notification message to
the anchor eNB (eNB #A 120} at 1070, so that it can update its information and start to
forward DL traffic to the new primary eNB {eNB #B 130}, e.g. via the X2 mterface.

At 1080, the new primary eNB (eNB #B 130) may initiate a sector selection
procedure so that the UE 110 can select the most appropriate sector of eNB #b 130 to use for
data transfer in the new primary cell.

It will be appreciated that in some examples, only a single secondary eNB may be
involved, or more than two. In the former case, the selection 15 simaple (1.e. the system merely
choose “the other one”, whereas, in the laifter case, there may be a suitable selection
methodology applied to select the best secondary eNB to use as the primary. The present
disclosure 1s not himited i this respect. Examples of selection methodology may include, but
not be limited to: cell capacity, cell signal quality, cell signal strength, cell distance, cell
frequency, etc.

Figure 11 illustrates an eNB and a UE, in accordance with some embodiments of the
disclosure. Figure 11 includes block diagraros of an eNB 1110 and a UE 1130 which are
operable to co-exist with each other and other elements of an LTE network. High-level,
simplified architectures of eNB 1110 and UE 1130 are described so as not to obscure the
embodiments. It should be noted that in some embodiments, eNB 1110 may be a stationary
non-mobile device.

eNB 1110 is coupled to one or more antennas 1105, and UE 1130 1s similarly coupled
1o one or more antenmas 1125, However, in some embodiments, eNB 1110 may incorporate
or comprise antennas | 103, and UE 1130 in various embodiments may incorporate or
comprise antennas 1125,

In some embodiments, antennas 1105 and/or antennas 1125 may comprise one or
more directional or ommi-directional antennas, including monopole antennas, dipole antennas,
loop antennas, patch antennas, microstrip antennas, coplanar wave antennas, or other types of
antennas suitable for transmission of RF signals. In some MIMO (multiple-input and
muittiple output) embodiments, antennas 1105 are separated to take advantage of spatic
diversity.

eNB 1110 and UE 1130 are operable to communicate with each other on a network,

such as a wireless network. eNB 1110 and UE 1130 may be i communication with each
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other over a wireless communication channel 1150, which has both a downlink path from
eNB 1110 to UE 1130 and an aphnk path from UE 1130 to eNB 1110,

As illustrated 1o Figure 11, in some embodiments, eNB 1110 may include a physical layer
circuitry 1112, a MAC (media access conirol} circuitry 1114, a processor 1116, a memory
1118, and a hardware processing circuitry 1120. A person skilled in the art will appreciate
that other components not shown may be used in addition to the components shown to form a
complete eNB.

in some embodiments, physical layver circuitry 1112 includes a transceiver 1113 for
providing signals (o and {rom UE 1130, Transceiver 1113 provides signals to and from UEs
or other devices using one or more antennas 11035, In some embodiments, MAC circuitry
1114 controls access to the wireless medivm. Memory 1114 may be, or may include, a
storage media/medium such as a magnetic storage media (e g., magnetic tapes or magnetic
disks), an optical storage media (e.g., optical discs), an electronic storage media (e .g.,
conventional hard disk drives, solid-state disk drives, or flash-memory-based storage media),
or any tangible storage media or non-iransitory storage media. Hardware processing circuitry
1120 may comprise logic devices or circuiiry o perform various operations. In sorse
embodiments, processor 1116 and roemory 1118 are arranged to perform the operations of
hardware processing circuitry 1120, such as operations described herein with reference to
togic devices and circuitry within eNB 1110 and/or hardware processing circuitry 1120,
Accordingly, in some embodiments, eNB 1110 may be a device comprising an application
Processor, a memory, one or more antenna ports, and an interface for allowing the application
processor to communicate with another device.

As 1s also illustrated in Figure 11, i some embodiments, UE 1130 may include a
physical laver circuitry 1132, a MAC circuitry 1134, a processor 1136, amemory 1138, a
hardware processing circuitry 1140, a wireless interface 1142, and a display 1144. A person
skilled in the art would appreciate that other components not shown may be used in addition
to the components shown to form a complete UE.

in some embodiments, physical layer circuitry 1132 includes a transceiver 1133 for
providing signals to and from eNB 1110 (as well as other eNBs). Transceiver 1133 provides
signals to and from eNBs or other devices using one or more antennas 1125, In some
embodiments, MAC circuitry 1134 controls access to the wireless medium. Memory 1138
may be, or may include, a storage media/medium such as a magnetic storage media{e.g.,

magnetic tapes or magnetic disks), an optical storage media {e.g.. optical discs}, an electronic

&
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storage media {e.g., conventional hard disk drives, solid-state disk dnves, or flash-memory-
based siorage media), or any tangible storage media or non-transitory storage media.

Wireless interface 1142 may be arranged to allow the processor to cornmunicate with another
device. Digsplay 1144 may provide a visual and/or tactile display for a user to interact with
UE 1130, such as a touch-screen display. Hardware processing circuitry 1140 may comprise
logic devices or circuitry to perform various operations. In some embodiments, processor
1136 and memory 1138 may be arranged o perform the operations of hardware processing
circuttry 1140, such as operations described herein with reference to logic devices and
ciremiry within UE 1130 and/or hardware processing circuiiry 1140,

Accordingly, in some embodiments, UE 1130 may be a device conprising an
application processor, a memory, one or more antennas, a wireless interface for allowing the
application processor to communicate with another device, and a touch-screen display.
Elements of Figure 11, and elements of other figures having the same names or reference
numbers, can operate or function in the manner described herein with respect to any such
figures (although the operation and function of such elements 1s not limited to such
descriptions).

in addition, although eNB 1110 and UE 1130 are each described as having several
separate functional elements, one or more of the functional elements mav be combined and
may be implemented by combinations of software-configured elements and/or other hardware
glements. In some embodiments of this disclosure, the functional elements can refer to one
Of MOTe Processas operating on one or more processing elements. Examples of software
and/or hardware configured elements include Digital Signal Processors (DSPs), one or more
microprocessors, DSPs, Field-Programmable Gate Arrays (FPGAs), Application Specific
Integrated Circuits {ASICs), Radio-Frequency Integrated Circuits (RFICs), and so on.

An eNB may include various hardware processing circuitries discussed herein, which
may in tum comprise logic devices and/or circuitry operable to perform various operations.
For example, with reference to Figure 11, eNB 1110 {or various elements or cormponents
therein, such as hardware processing circutiry 1120, or combinations of elements or
components therein) may include part of, or all of these hardware processing circuiiries.

In some embodiments, one or more devices or circutiries within these hardware
processing circuitries may be implemented by combinations of software-configured elements
and/or other hardware elements. For example, processor 1116 {and/or one or more other

rocessors which eNB 1110 may comprise), memorv 1118, and/or other elements or
E o 2 o b
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components of eNB 1110 (which may mclude hardware processing circuntry 1120) may be
arranged to perform the operations of these hardware processing circuitries, such as
operations described herein with reference to devices and circuitry within these hardware
processing circuitries. In some embodiments, processor 1116 (and/or one or more other
processors which eNB 1110 may comprise) may be a baseband processor.

Sumlarly, a UE may include various hardware processing circuitries discussed herein,
which may in turn comprise logic devices and/or circuitty operable to perform various
operations. For example, with reference to Figure 11, UE 1130 (or vanous elements or
components therein, such as hardware processing circutiry 1140, or combinations of elements
or components therein) may mcelude part of, or all of, these hardware processing circuitries.
In some embodiments, one or more devices or circuitries within these hardware processing
circuitries may be implemented by combinations of software-configured elements and/or
other hardware elements. For example, processor 1136 (and/or one or more other processors
which UE 1130 may comprise}, memory 1138, and/or other elements or components of UE
1130 {which may include hardware processing circuitry 1140} may be arranged to perform
the operations of these hardware processing circuitries, such as operations described herein
with reference to devices and circuitry within these hardware processing circuitries. In some
embodiments, processor 1136 {and/or one or more other processors which UE 1130 may
comprise) may be a baseband processor.

Various methods deseribed herein may relate to eNB 1110 and hardware processing
circuitry 1120, Although the actions in the herein described methods are shown ina
particular order, the order of the actions can be modified. Thus, the illustrated embodiments
can be performed in a different order, and some actions may be performed in parallel. Some
of the actions and/or operations listed may be optional i accordance with certain
embodiments. The numbering of the actions presented is for the sake of clarity and is not
intended to prescribe an order of operations in which the various actions must oceur.
Additionally, operations {rom the various flows may be utilized in a variety of combinations.
Moreover, in some embodiments, machine readable storage media may have executable
imstructions that, when executed, cause eNB 1110 and/or hardware processing circuitry 1120
1o perform an operation comprising any of the described methods. Such machine readable
storage media may include any of a variety of storage media, like magnetic storage media

(e.g., magnetic tapes or magnetic disks), optical storage media {e.g.. optical discs), electronic
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storage media {e.g., conventional hard disk drives, solid-state disk dnves, or flash-memory-
based storage media), or any other tangible storage media or non-transttory storage media.

In some embodiments, an apparatus may comprise means for performing various actions
and/or operations of the methods.

Similarly, various methods that mayv relate to UE 1130 and hardware processing
circuitry 1140 are also described herein. Again, although the actions may be shown in a
particular order, the order of the actions can be modified. Thus, the llustrated embodiments
can be performed in a different order, and some actions may be performed in parallel. Some
of the actions and/or operations carried oul by the UE are optional in accordance with certain
emnbodiments. The numbering of the actions presented is for the sake of clarity and is not
intended to prescribe an order of operations in which the various actions must occur.
Additionally, operations {rom the various flows may be utilized in a variety of combinations.

Moreover, in some embodiments, machine readable storage media may have
exacutable instructions that, when executed, cause UE 1130 and/or hardware processing
circuttry 1140 to perform an operation comprising any of the disclosed methods. Such
machine readable storage media may include any of a variety of siorage media, like magnetic
storage media (e.g., magnetic tapes or magnetic disks), optical storage media (e.g., optical
discs), electronic storage media {e.g., conventional hard disk drives, solid-state disk drives, or
flash-memory-based storage media), or any other tangible storage media or non-transitory
storage media,

Embodiments described herein may be implemented into a svstem using any suitably
configured hardware and/or software. Figure 12 shows, for one embodiment, example
components of an electronic device 1200. In embodiments, the electronic device 1200 may
be, implement, be incorporated mto, or otherwise be a part of a user equipment (UE), an
evolved NodeB (eNB), or another network component (e g. a network component
corresponding to a network virtualization device and/or a software defined network device}.
In some embodiments, the electronic device 1200 may include application circuitry 1210,
baseband circuttry 1220, Radio Frequency (RF) circuitry 1230, front-end module (FEM)
circuitry 1240 and one or more antennas 1250, coupied together at least as shown.

The application circuttry 1210 may include one or more application processors. For
example, the application circuitry 1210 may mnclude circuitry such as, but not limited to,
one or more single-core or multi-core processors. The processor(s) may include any

combination of general-purpose processors and dedicated processors {(e.g., graphics
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processors, application processors, eic. ). The processors may be coupled with and/or may

mchude memory/storage and may be configured to execute instructions stored i the

The baseband circuitry 1220 may include circuitry such as, bt not limited to, one or
more single-core or mulii-core processors. The baseband circuitry 1220 may include one or
more baseband processors and/or control logic to process baseband signals received froma
receive signal path of the RF circuitry 1230 and to generate baseband signals for a transmit
signal path of the RF circuitry 1230. Baseband processing circuitry 1220 may interface with
the application circuitry 1210 for generation and processing of the baseband signals and for
controlling operations of the RF circuttry 1230, For example, in some embodiments, the
haseband circuitry 1220 may include a second generation (2G) baseband processor 1221,
third generation (3G) baseband processor 1222, fourth generation {4G) baseband processor
1223, and/or other baseband processor(s) 1224 for other existing generations, generations in
development or 1o be developed in the future (e.g., fifth generation (5G), 6, eic.}. The
baseband circuitry 1220 (e.g., one or more of baseband processors 1221-1224) may handle
vartous radio control functions that enable commumnication with one or more radio networks
via the RF circuttry 1230, The radio control functions may include, but are not himited to,
signal modulation/demodulation, encoding/decoding, radio frequency shifting, etc. In some
embodiments, modulation/demodulation circuitry of the baseband circuitry 1220 may include
Fast-Fourier Transform (FFT), precoding, and/or constellation mapping/demapping
functionality. In some embodiments, encoding/decoding circuitry of the baseband circuitry
1220 may include convolition, tail-biting convoluiion, turbo, Viterbi, and/or Low Density
Parity Check {(LDPC) encoder/decoder fumctionality. Embodiments of
modulation/demodulation and encoder/decoder functionality are not limited to these
examples and may include other suitable functionality in other embodiments.

In some embodiments, the baseband circuitry 1220 may include elements of a
protocol stack such as, for exarople, elements of an evolved universal terrestrial radio access
network (EUTRAN) protocol including, for example, physical (PHY), media access control
{MAQC), radio link control (RLC), packet data convergence protocol {PDCP), radio resource
control {RRC) elements and/or the disclosed MCCP laver protocol. A central processing unit
(CPLN 1225 of the baseband circuitry 1220 may be configured to run elements of the protocol
stack for signaling of the PHY, MAC, RLC, PDCP, RRC and/or MCCP Layers. In some

embodiments, the baseband circuitry may include one or more audio digital signal
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processor(s) {DSP) 1226. The audio DSP(s) 1226 may be include elements for
compression/decompression and echo cancellation and may mclude other suttable processing
elerents in other embodiments.

The baseband circuitry 1220 may further include memory/storage 1227, The
memory/storage 1227 may be used to load and store data and/or instructions for operations
performed by the processors of the baseband circuitry 1220, Memory/storage for one
embodiment may include any combination of suitable volatile memory and/or non-
volatile memory. The memory/storage 1227 may include any combination of various levels
of memory/storage inclhuding, but not limited o, read-only memory (ROM) having embedded
software instructions (e.g., firmoware), random access memory {e.g., dvnamic random access
memory {RAM)), cache, buffers, etc. The memory/storage 1227 may be sharad among the
varigus processors or dedicaled {o particular processors.

Components of the baseband circuitry may be suitably combined in a single chip, a
single chipset, or disposed on a same circuit board in some embodiments. In some
embodiments, some or all of the constituent components of the baseband circuitry 1220 and
the application circuitry 1210 may be implemented together such as, for example, on a
systern on a chip (SOC).

In some embodiments, the baseband circuitry 1220 may provide for
communication compatible with one or more radio technologies. For example, in some
embodiments, the baseband circuitry 1220 may support communication with an evolved
universal terrestrial radio access network (EUTRAN) and/or other wireless metropolitan area
networks {WMAN), a wireless local area network (WLAN), a wireless personal area network
{(WPAN). Embodiments in which the baseband circuitry 1220 1s configured to support radio
commumnications of more than one wireless protocol may be referred to as multi-mode
haseband circuitry.

RF circuitry 1230 may enable communication with wireless natworks
using modulated electromagnetic radiation through a non-solid medium. In various
embodiments, the RF circuttry 1230 may include switches, filters, amplifiers, etc. to facilitate
the communication with the wireless network., RF circuitry 1230 may inciude a receive
signal path which may include circuitry to down-convert RF signals received from the FEM
cireuttry 1240 and provide baseband signals to the baseband circuitry 1220, R¥ circuitry 1230

may also include a transmit signal path which may include circuitry to up-convert baseband
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signals provided by the baseband circuitry 1220 and provide RF oulput signals to the FEM
cireuitry 1240 for transnission.

in some embodiments, the RF circwtry 1230 may include a receive signal path and a
transnut signal path. The receive signal path of the RF circuitry 1230 may include nuxer
circuttry 1231, amplifier circuwitry 1232 and filter circuitry 1233, The transimt signal path of
the RF circurtry 1230 may include filter circuitry 1233 and mixer circuitry 1231, RF circuitry
1230 may also include synthesizer circuitry 1234 for synthesizing a frequency for use by the
mixer circuitry 1231 of the receive signal path and the transmit signal path. In some
embodiments, the mixer circuitry 1231 of the receive signal path mway be configured to down-
convert RF signals received from the FEM circuitry 1240 based on the synthesized frequency
provided by synthesizer circuitry 1234, The amplifier circuitry 1232 may be configured to
amplify the down-converted signals and the filter circuntry 1233 mayv be alow-pass filter
{(LP¥) or band-pass filter (BPF) configured to remove unwanted signals from the down-
converted signals to generate output baseband signals. Output baseband signals may be
provided to the baseband circuitry 1220 for further processing. In some embodiments, the
output baseband signals may be zero-frequency baseband signals, although thisisnot a
requirement. In some embodiments, nuxer circuitry 1231 of the receive signal path may
comprise passive mixers, although the scope of the embodiments is not limited in this respect.

In some embodiments, the mixer circuitry 1231 of the transmit signal path may be
configured to up~convert input baseband signals based on the synthesized frequency provided
by the synthesizer circuitry 1232 to generate RF output signals for the FEM circuitry 1240
The baseband signals may be provided by the baseband circuitry 1220 and may be filtered by
filter circuttry 1233, The filter circuitry 1233 may mclude a tow-pass fitter (LPF), although
the scope of the embodiments is not hiited in this respect.

In some embodiments, the nuxer circuitry 1231 of the recaive signal path and the
mixer circuitry 1231 of the transmut signal path may include two or more mixers and may be
arranged for quadrature downconversion and/or upconversion respectively. In some
embodiments, the mixer circuitry 1231 of the receive signal path and the mixer circuitry 1231
of the transmit signal path may include two or more mixers and may be arranged for image
rejection {e.g., Hartley image rejection). In some embodiments, the mixer circuitry 1231 of
the receive signal path and the roixer circuitry 1231 may be arranged for direct

downconversion and/or direct upconversion, respectively. In some embodiments, the nuxer
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circuttry 1231 of the receive signal path and the muxer circuitry 1231 of the transmt signal
path may be configured for super-heterodyne operation.

In some embodiments, the output baseband signals and the input baseband signals
may be analog baseband signals, although the scope of the embodiments is not limited in this
respect. In some alternate embodiments, the output baseband signals and the input baseband
signals may be digital baseband signals. In these sliernate embodiments, the RF circuitry
1230 may include analog-to-digital converter (ADC) and digital-to-analog converter (DAC)
circuiiry and the baseband circuitry 1220 may include a digital baseband interface o
commumnicate with the RF circuitry 1230,

In some dual-mode embodiments, a separate radio IC circuitry may be provided for
processing signals for each spectrum, although the scope of the embodiments 1s not limited in
this respect.

In sorue embodiments, the synthesizer circuitry 1234 may be a fractional-N
synthesizer or a fractional N/N-+1 synthesizer, although the scope of the embodiments is not
himited in this respect as other types of frequency svnthesizers may be suitable. For example,
synthesizer circuttry 1234 may be a delta-sigma synthesizer, a frequency multipher, or a
synthesizer comprising a phase-locked loop with a frequency divider.

The synthesizer circuitry 1234 may be configured to synthesize an output frequency
for use by the mixer circuitry 1231 of the RF circuitry 1230 based on a frequency input and a
divider control inpui. In some embodiments, the synthesizer circuitry 1234 may bea
fractional N/N+1 synthesizer.

in some embodiments, frequency input may be provided by a voltage controlled
oscillator (VCO), although that is not a requirement. Divider control input may be provided
by either the baseband circuitry 1220 or the applications processor 1210 depending on the
desired output frequency. In some embodiments, a divider control input {e.g., N) may be
determined from a look-up table based on a channel imdicated by the applications processor
1210.

Synthesizer circuitry 1234 of the RF circuitry 1230 may include a divider, a delay-
tocked loop {DLL), a multiplexer and a phase accomulator. In some embodiments, the divider
may be a dual modulus divider {DMD) and the phase accumulator may be a digital phase
accurnulator (DPA). In sorme embodiments, the DMD roay be configured to divide the mput
signal by either N or N+1 {e.g., based on a carry out} fo provide a fractional division ratio. In

some example embodiments, the BLL may include a set of cascaded, tunable, delay
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elements, a phase detecior, a charge pomp and a D-tvpe flip-flop. In these embodiments, the
delay elements may be configured to break a VCO period up into Nd equal packets of phase,
where Nd is the number of delay elements i the delay line. In this way, the DLL provides
negative feedback to help ensure that the total delay through the delay line is one VCO cycle.

In some embodiments, synihesizer circuitry 1234 may be configured to generate a
carrier frequency as the output frequency, while in other embodiments, the output frequency
may be a multiple of the carrier frequency (e.g., twice the carrier frequency, four times the
carrier frequency) and used in conjunction with quadrature generator and divider circuitry o
gengrate multiple signals at the carrier frequency with multiple different phases with respect
to each other. In some embodiments, the output frequency may be a LO frequency (fLO). In
some embodiments, the RF circuitry 1230 may include an 1Q/polar converter.

FEM cirauntry 1240 may include a recetve signal path which may include circuitry
configured to operate on RF signals received from one or more antennas 1230, amphify the
recetved signals and provide the amplified versions of the recatved signals to the RF circuiiry
1230 for further processing. FEM circuitry 1240 may also include a transmit signal path
which may include circuitry configured to amplify signals for transmission provided by the
RF circuitry 1230 for transmission by one or more of the one or more antennas 1250

in some embodiments, the FEM circuitry 1240 may include a TX/RX switch {o switch
between transmit mode and receive mode operation. The FEM circuitry may include a
receive signal path and a transmit signal path. The receive signal path of the FEM circuitry
may include a low-noise amplifier {LNA) to amplify received RF signals and provide the
amphified received RF signals as an oulput (2.g., 1o the RF circuitry 1230}, The transmit
signal path of the FEM circuitry 1240 may include a power amplifier (PA) to amphfy mnput
RF signals (e.g., provided by RF circuitry 1230}, and one or more filters to generate RF
signals for subsequent transnussion {e.g.. by one or more of the one or more antennas 1250}

In various embodiments, network interface controller (NIC) circuitry 1260 may
include one or more {ransmission and reception (TX/RX) signal paths, which may connect to
one or more data packet networks via network interface circuitry 1265, In some
embodiments, NIC circuitry 1260 may connect to the data packet networks via multiple
network nlerface circutines 1265, The NIC circuitry 1260 may support one or more data hnk
Layer standards, such as Ethernet, Fiber, Token Ring, asynchronous transfer mode (ATM),
and/or any other suitable data link Layer standard(s). In some embodiments, each network

element that the electronic device 1200 may connect to (for example, a base station, network
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controller, a radio access network (RAN) device, a 8-GW, SDN swiich, MME, P-GW, and
the like) may contain a same or simalar network interface circuitry 1265, Furthermore, the
NIC circuitry 1260 may include, or may be associated with processing circuitry, such as

one or more single-core or multi-core processors and/or logic circuits, to provide processing
technigues suitable to carry ouwl communications according to the one or more data link Layer
standards used by the NIC circuitry.

In some embodiments, the electronic device 1200 may inchude additional elements
such as, for example, memory/storage, display, camera, sensor, and/or input/output {I/0)
mterface.

In some embodiments, the electronic device of Figure 12 may be configured to
perform one or more processes, techniques, and/or methods as described herein, or portions
thereof.

Figure 13 15 a block diagram iHlustrating components, according to some example
embodiments, able to read instructions from a machine-readable or computer-readable
medium {e.g., a machine-readable storage medium) and perform anv one or more of the
methodologies discussed herein. Specifically, Figure 13 shows a diagrammatic
representation of hardware resources 1300 including one or more processors {or processor
cores} 1310, one or more memory/storage devices 1320, and one or more communication
resources 1330, each of which are commumicatively coupled via a bus 1340.

The processors 1310 (e.g., a central processing umt ({CPU}, a reduced mstruction set
computing (RISC) processor, a complex instruction set computing {CISC) processor, a
graphics processing unit (GPU)}, a digital signal processor (DSP) such as a baseband
processor, an application specific integraied circwnt (ASIC), a radio-frequency miegrated
circutt (RFIC), another processor, or any suttable combination thereof) may include, for
example, a processor 1312 and a processor 1314, The memory/storage devices 1320 may
include main memory, disk storage, or any suitable combination thereof.

The communication resources 1330 may include imterconnection and/or network
interface components or other suitable devices to communicate with one or more peripheral
devices 1304 and/or one or more databases 1306 via a network 1308, For example, the
commumncation resources 1330 may include wired communication components {e.g., for
coupling via a Universal Serial Bus {USB)), cellular cornmunication coraponents, Near Field
Communication (NFC) components, Bluetooth® components {e.g., Bluetooth® Low

Energy), Wi-Fi® components, and other communication components.
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Instructions 1350 may comprise software, a program, an application, an applet, an
app. or other executable code for causing at least any of the processors 1310 to perform any
one or more of the methodologies discussed herein. The instructions 1350 may reside,
completely or partially, within at least one of the processors 1310 {e.g., within the processor’s
cache memory}, the memory/storage devices 1320, or any suitable combination thereof,
Furthermore, any portion of the instructions 1350 may be transferred to the hardware
resources 1300 from any combination of the peripheral devices 1304 and/or the databases
1306. Accordingly, the memory of processors 1310, the memory/storage devices 1320, the
peripheral devices 1304, and the databases 1306 are examples of computer-readable and
machine-readable media.

While the above-described examples may be used in the context of a 5G RAT for
licensed frequency bands, the principles covered are general and are as easily applicable for
alternative designs. For example, examples of the present disclosure may be applied to
alternate nunWave access svstems such as WiGig/802.11ay or potentially to anv other
massive Multiple-input-Multiple-Output (MIMO) systems, particularty those utilizing
divectional acquisttion/any signals (conirol or data) of a directional nature.

Similarly, whilst the above-described examples are optimizations described in the
context of a specific frame structure, the principles covered have general applicability and
may be applied with alternative frame structures or multi-access schemes.

According to examples described herein, there may be provided a new Mulii-
Connectivity network architecture and ¢-plane/u-plane protocol stack operable to support an
efficient “hot standby™ configuration between primary and secondary cells, the “hot standby™
configuration allowing {or fast transitions of control and data traffic between cells upon
commumications ok loss of a main (i.e. primary) communications link.

According to examples described herein, there may be provided a new inter-cell
coordination method for synchronized PSS/S58/5LS.

According to exarnples described herein, there may be provided a new broadcast
channel (e.g. shortened BCH) or enhanced reference signal {(eRS) for fast communications
link loss detection. Specific examples may utilize more than one of the new broadcast
channels or reference signals, or even the PDCCH to detect cornmurications hink loss.
According to examples described herein, there may be provided a new method to support
persistent allocation of scheduling request(s) in subframe(s) with or without

PSS/ESS/SLS/BCH (e normal or special subframes).
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According to examples described herein, there may be provided a new SR
{(Scheduling Requesij-based fast cell switching (FCS) procedure / protocol.

Exaroples of the present disclosure may be used 1o future 3GPP standards (R14 and
bevond}.

" on

Reference in the specification to "an embodiment,” "one embodiment,” "some
embodiments," or "other embodiments” means that a particular feature, structure, or
characteristic described in connection with the embodimenis 1s included in at least some
embodiments, but not necessarily all embodiments. The various appearances of "an

[ 1]

embodiment,” "one embodiment.” or "some embodimenis” are not necessantly all referring to

the same embodiments. Ifthe specification states a component, feature, structure, ot

"o

characteristic "may."” "might,” or "could” be included, that particular component, feature,
structure, or characteristic 1s not requived to be mcluded. ' the specification or claim refers
to "a" or "an" element, that does not mean there is only one of the elements. If the
specification or claims refer to "an additional” element, that does not preclude there being
more than one of the additional element.

Furthermore, the particular features, stractures, functions, or characteristics may be
combined in any suitable manner in one or more embodiments. For example, a first
embodiment may be combined with a second embodiment anywhere the particular features,
structures, functions, or characteristics associated with the two embodiments are not mutually
exclusive,

While the disclosure hag been described in conjunction with specific embodiments
thereof, manyv alternatives, modifications and variations of such embodiments will be
apparent to those of ordinary skill in the art in light of the foregoing description. For
example, other memory architectures e.g., Dyvnanuc RAM (DRAM) may use the
embodiments discussed. The embodiments of the disclosure are intended to embrace all such
alternatives, modifications, and variations as to fall within the broad scope of the appended
claims.

In addition, well known power/ground connections to integrated circutt (1C) chips and
other components may or may not be shown within the presented figures, for simplicity of
tHustration and discussion, and so as not {o obscure the disclosure. Further, arrangements
may be shown in block diagrars form in order to avoid obscuring the disclosure, and also in
view of the fact that specifics with respect to implementation of such block diagram

arrangements are highly dependent upon the platform within which the present disclosure 1s
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1o be implemented {i.e., such specifics should be well within purview of one skilled in the
art). Where specific details {e.g., circuits) are set forth in order {o describe example
emnbodiments of the disclosure, 1t should be apparent to one skilled in the art that the
disclosure can be practiced without, or with variation of, these specific details. The
description is thus to be regarded as iHustrative instead of limiting,

The following examples pertain to further embodiments. Specifics in the examples
may be used anywhere in one or more embodiments. All optional features of the apparatus
described herein may also be implemented with respect to a method or process.

Example 1 may include an apparatus of a User Equipment (UE) operable to communicate
with an Evolved Node-B (eNB) on a wireless network, comprising: one or more processors
to: maintain a plurality of radio access network commumnications links between the UE and at
teast two eNBs of a radio access network of the wireless network, wherein at least a {irst eNB
is an anchor eNB and wherein at least a second eNB is a booster eNB, said plurality of radio
access network comimunications links between the UE and a radio access network of the
wireless network comprising at least one primary communications link and at least one
secondary communications link; and switch between actively using the at least one primary
commumcations link for sending and receiving data of the UE to activelv using the at least
one secondary communications hink for sending and receiving data of the UE when the at
teast one primary commumications link is determined to be lost; wherein the anchor eNB is
operable (o provide both communications between the UE and a cove network serving the
wireless network, and commumications between the UE and a radio access network providing
the wireless network; and wherein the booster eNB is operable to provide communications
between the UE and the radio access network providing the wireless network, and is operable
to cornmunicate with the core network only via the anchor eNB.

Example 2 may include the apparatus of example 1 or any other example herein, wherein the
anchor eNB provides both user-plane and control-plane communications between the UE and
the core network.

Example 3 may include the apparatus of example 1 or 2, or any other example herein,
wherein the boositer eNB provides both user-plane and control-plane communications
between the UE and the anchor eNB. Another exarople may include the apparatus of any
other example, wherein the booster eNB provides both user-plane and control-plane

communications between the UE and the core nstwork.
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Example 4 may include the apparatus of any of examples 1 to 3, or any other example herein,
wherein the booster eNB communicates with the anchor eNB over an eNB to eNB
communications link 1nterface, optionally an X2 mnterface.

Example 5 may include the apparatus of any of examples 1 to 4, or any other example
herein, wherein the UE maintains at least two primary communications links, and wherein the
one ot more processars are further to sphit traffic to be sent between the at least two priroary
communications links.

Example 6 may include the apparatus of example 5, or any other example herein, wherein to
split traffic to be sent between the at least two primary communications links comprises
providing at least two bearer links, wherein a bearer link is assigned to each primary
communications link.

Example 7 may include the apparatus of any of examples 1 1o 6, or any other example herein,
wherein the one or more processors are further to: provide a multi-connectivity convergence
protocol (MCCP) stack entity, wherein the MCCP stack entity operates above individual
radio access network protocol sub-stacks, and wherein the MCCP stack entity manages how
the UE data traffic is routed over the primary and secondary communications hinks.

Example 8 may include the apparatus of any of exarmples 1 to 7, or any other example herein,
wherein to operate above individual radio access network protocol sub-stacks comprises
operating above the packet data convergence protocol (PDCP) stack entity of each wireless
communications hink(s) operating in the UE.

Example 9 may include the apparatus of any of examples 1 to 8, or any other example herein,
wherein each wireless communications link(s} operating in the UE comprises an independent
user-plane and control-plane stack to provide operation independent from each other wireless
commumcations hnk(s) operating in the UE.

Example 10 may include the apparatus of any of examples 1 to 9, or any other example
herein, wherein the one or more processors are further to provide PDCP bearer splitting by
the MCCP stack entity.

Example 11 may include the apparatus of any of examples 7 to 10, or any other example
herein, wherein the MCCP stack entity comprises a user-plane portion, MCCP-1, and a
control-plane portion, MCCP-¢.

Example 12 may include a UE device comprising an application processor, a memory, one or

more antennas, a wirgless interface for allowing the application processor to communicate
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with another device, and a touch-screen display, the UE device including the apparatus of any

of examples 1 to 11

Example 13 may include a machine readable storage media having machine executable
instructions that, when executed, cause one or more processors 1o perform an operation in a
User Equipment (UE) operable to communicate with an Evolved Node-B (eNB) on a wireless
network, comprising: maintaining a plurality of radio access network communications links
between the UE and at feast two eNBs of a radio access network of the wireless network,
wherein at least a first eNB ts an anchor eNB and wherein at least a second eNB is a booster
eNB, said plurality of radio access network commurications links between the UE and a
radio access network of the wireless network comprising at {east one primary
communications link and at least one secondary communications hink; and swiiching between
actively using the at least one primary communications link for sending and receiving data of
the UE to actively using the at least one secondary conumnunications link for sending and
recetving data of the UE when the at least one primary commumications link 1s determined to
be lost.

Example 14 may include the machine readable storage media of exarple 13, or any other
example herein, further comprising: maintaining at least two primary communications links;
and splitting traffic to be sent between the at least two primary communications links.
Example 15 may include the machine readable storage media of example 13 or 14, or any
other example herein, further comprising providing at least two bearer links, wherein a bearer
link 1s assigned to each primary commumications link.

Example 16 may include the machine readable storage media of any of examples 13 t0 15, or
any other example herein, further comprising: providing a multi-conmectivity convergence
protocol (MCCP) stack entity operating above mdividual radio access network protocol sub-
stacks; and managing how the UE data traffic 1s routed over the primary and secondary
communications links using the MCCP stack entity.

Example 17 may include the machine readable storage madia of example 16, or any other
example herein, wherein operating above individual radio access network protocol sub-stacks
comprises operating above the packet data convergence protocol (PDCP) stack entity of each
wireless communications link(s) provided in the UE.

Example 18 may include the machine readable storage media of any of examples 13 10 17, or

any other example herein, further comprising providing an independent user-plane and
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control-plane stack for each independent wireless commumications link{(s) provided in the
UE.

Example 19 may include the machine readable storage media of any of exaroples 13 to 18, or
any other example herein, further comprising providing PDCP bearer splitting by the MCCP
stack entity.

Exarmple 20 may include the machine readable storage media of any of examples 1610 18,
wherein the MUCP stack entity comprises a user-plane portion, MCCP-u, and a control-plane
portion, MCCP-c.

Example 21 may include a method in a User Equipment (UE) operable to cornmunicate with
an Evolved Node-B (eNB) on a wireless network, comprising: connecting and
communicating with at least two elNBs, wherein at least a first eNB is an anchor eNB and
wherein at least a second eNB is a booster eNB; maintaining a plurality of radio access
network coromunications links between the UE and a radio access network of the wireless
network, satd plurality of radio access network communications links between the UE and a
radio access network of the wireless network comprising at least one primary
commumcations link and at least one secondary cornmunications link; switching between
actively using the at least one primary communications hink for sending and receiving data of
the UF to actively using the at least one secondary communications link for sending and
receiving data of the UE when the at least one primary communications link is determined to
be tost.

Example 22 may include the method of example 21, or any other example herein, further
comprising: maintaining at least two primary communications links; and splitting traffic to be
sent between the at least two primary comnunications hinks.

Example 23 may include the method of example 21 or 22, or any other example heremn,
further comprising providing at least two bearer links, wherein a bearer link is assigned to
gach primary communications link.

Exarmple 24 may include the method of any of examples 21 to 23, or any other example
herein, further comprising: providing a multi-connectivity convergence protocol (MCCP)
stack entity operating above individual radio access network protocol sub-stacks; and
managing how the UE data traffic 1s routed over the primary and secondary communications
hinks using the MCCP stack entity.

Example 25 may include the method of example 24, or any other example herein, wherein

operating above individual radio access network protocol sub-stacks comprises operating
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above the packet data convergence proiocol (PDCP) stack entity of each wireless
commumications Hnk(s) provided in the UE.

Example 26 may include the rmethod of anv of exaroples 21 to 25, or any other example
herein, further comprising providing an independent user-plane and control-plane stack for
gach independent wireless communications hink{s} provided in the UE.

Exarmple 27 may include the method of any of examples 21 to 26, or any other example
herein, further comprising providing PDCP bearer splitting by the MCCP stack entity.
Example 28 may include the method of anv of examples 24 to 27, or any other example
herein, wherein the MCCP stack entity comprises a user~-plane portion, MCCP-y, and a
control-plane portion, MCCP-c.

Example 29 may include an apparatus of an Evolved Node-B {eNB) operable to
communicate with a User Equipment (UE) on a wireless network, comprising: one or more
processors to: selectably operate the eNB in a first operational state that acts as an anchor
eNB to at least one UE, wherein operating as the anchor eNB comprises providing
commumnications between the at least one UE and a core network serving the wireless
network; and selectably operate the eNB in a second operational state that acts as a booster
eNB to the at least one UE, wherein operating as the booster eNB comprises providing
communications between the at least one UE and a radio access network of the wireless
network; whergin the one or more processors are further {o: select between the first and
second operational states based upon information from the at least one UE.

Another example may include the eNB of example 29, or any other example herein, wherein
1o select (or selecting) between the first and second operational siates based upon information
from the at least one UE may comprise any one or more of based on a specified dataora
specified signal received from the UE (e.g based on data from the System Information, or the
signals sBUH, eRS, PDCCH]); based on receiving or otherwise processing a specified data or
a specified signal from the UE (e.g. based on receiving or otherwise processing data from the
System Information, or the signals sBCH, eRS, PDCCH); based on not receiving or not
otherwise processing a specified data or a specified signal from the UF (e.g. based on not
receiving or not otherwise processing data from the Svstem Information, or the signals sBCH,
eRS, PDCCH).

In examples, the radio access network of the wireless network may cormprise at least one cell,

optionally a small cell.
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Example 30 may include the apparatus of example 29, or any other example herein, wherein
the anchor eNB provides both user-plane and control-plane commumications between the at
least one UE and a core network.

Example 31 may include the apparatus of example 29 or 30, or any other example herein,
wherein the booster eNB provides both user-plane and control-plane communications
between the at least one UE and the anchor eMNB.

Example 32 may include the apparatus of any of examples 29 to 31, or any other example
herein, wherein the booster eNB communicates with the anchor eNB over an eNB to eNB
commumcations link nterface, optionally an X2 interface.

Example 33 may include the apparatus of anv of examples 29 to 32, or any other example
herein, wherein the eNB provides at least two primary communications links with the at least
one UE, and wherein the one or more processors are further to split traffic to be sent between
the at least two primary communications links.

Example 34 may include the apparatus of example 33, or any other example herem, wherein
to split traffic to be sent between the at least two primary communications links comprises
providing at least two bearer links, wherein a bearer link is assigned to each primary
commumcations link.

Example 35 may include the apparatus of any of examples 29 to 34, or any other example
herein, wherein the one or more processors are further to; provide a multi-connectivity
convergence protocol (MCCP) stack entity, wherein the MCCP stack entity operates above
individual radio access network protocol sub-stacks, and wherein the MCCP stack entity
manages how the at least one UE’s data traffic is routed over the primary and secondary
commumcations links.

Example 36 may include the apparatus of anv of exarmples 29 to 35, or any other example
herein, wherein to operate above individual radio access network protocol sub-stacks
comprises operating above the packet data convergence protocol (PDCP) stack entity of each
wireless communications link(s) operating m the eNB.

Example 37 may include the apparatus of any of examples 29 to 36, or any other example
herein, wherein each wireless communications link(s} operating in the eNB comprises an
mdependent user-plane and control-plane stack to provide operation independent from each

other wireless communications link(s) operating in the eNB.



[#2]

10

15

20

25

30

WO 2018/013110 PCT/US2016/042134
36

Example 38 may include the apparatus of any of examples 29 to 37, or any other example
herein, wherein the one or more processors are further to provide PDCP bearer splitting by
the MCCP stack entity.

Example 39 may include the apparatus of any of examples 29 to 38, or any other example
herein, wherein the MUCP stack entity comprises a user-plane portion, MCCP-y, and a
control-plane portion, MCCP-c.

Example 40 may include an eNB device comprising an application processor, a memory, one
or more anienna ports, and an interface for allowing the application processor (o
communicate with another device, the eNB device including the apparatus of any of
examples 29 through 39.

Example 41 may include machine readable storage media having machine executable
msiructions that, when executed, cause one or more processors 1o perform an operation in an
Evolved Node-B (eNB) operable to communicate with a User Equipment (UE) on a wireless
network, comprising: selectably operating the eNB in a first operational state that acts as an
anchor eNB to at least one UE, wherein operating as the anchor eNB comprises providing
commumnications between the at least one UE and a core network serving the wireless
network; and selectably operating the eNB 10 a second operational state that acts as a booster
eNB to the at least one UE, wherein operating as the booster eNB comprises providing
communications between the at least one UE and a radio access network of the wireless
network; select between the first and second operational states based upon information from
the at least one UE.

Example 42 may include the machine readable storage media of example 41, or any other
example herein, further comprising providing both user-plane and control-plane
commumcations between the at least one UE and a core network.

Example 43 may include the machine readable storage media of example 41 or 42, or any
other example herein, further comprising providing, by the booster eNB, both user-plane and
control-plane communications between the at least one UE and the anchor eNB,

Example 44 may include the machine readable storage madia of any of examples 41 t0 43, or
any other example herein, further comprising commumnicating with the anchor eNB by the
booster eNB over an eNB to eNB communications link interface, optionally an X2 mterface.
Example 45 may include the machine readable storage media of any of exaroples 41 to 44, or

any other example herein, further comprising: providing at least two primary communications
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links with the at least one UE; and splitting traffic 1o be sent between the af least two primary
commumcations links.

Example 46 may include the machine readable storage media of example 45, or any other
example herein, wherein splitting traffic to be sent between the at least two primary
communications links comprises providing at least two bearer links, wherein a bearer link is
assigned to each primary conununications link.

Example 47 may include the machine readable storage madia of any of examples 41 to0 46, or
any other example herein, further comprising providing a multi-connectivity convergence
protocol (MOCP) stack entity, wherein the MCCP stack entity operates above individual
radio access network protocol sub-stacks and wherein the MCCP stack entitv manages how
the at least one UE’s data traffic is routed over the primary and secondary communications
tinks.

Exarmple 48 may include the machine readable storage media of any of examples 41 10 47, or
any other example herein, wherein operating above individual radio access network protocol
sub-stacks comprises operating above the packet data convergence profocol (PDCP) stack
entity of each wireless commumications link(s) operating in the eNB,

Example 49 may include the machine readable storage media of any of exaroples 41 to 48, or
any other example herein, further comprising providing an independent user-plane and
control-plane stack for each other wireless communications link(s} operating in the eNB.
Example 50 may include the machine readable storage media of any of examples 41 16 49, or
any other example herein, further comprising providing PDCP bearer splitting by the MCCP
stack entity.

Example 51 may include the machine readable storage media of any of examples 41 t0 50, or
any other example herein, further comprising providing a user-plane portion, MCCP-u, and a
control-plane portion, MCCP-c, of the MUCP stack entity.

Example 52 may include a method in an Evolved Node-B (eNB) operable to commumicate
with a User Equipment (UE) on a wireless network, comprising: selectably operating the eNB
in a first operational state that acts as an anchor eNB 1o at least one UE, wherein operating as
the anchor eNB comprises providing communications between the at least one UE and a core
network serving the wireless network; and selectably operating the eNB in a second
operational state that acts as a booster eNB to the at least one UE, wherein operating as the

hooster eNB comprises providing communications between the at least one UFE and a radio
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access network of the wireless network; selecting between the first and second operational
states based on information from the at least one UE.

Example 53 may include the method of example 52, or any other example herein, further
comprising providing both user-plane and control-plane commumications between the at least
one UE and a core network.

Exarmple 54 may include the method media of exarople 52 or 53, or any other example
herein, further comprising providing, by the booster eNB, both user-plane and control-plane
communications between the at least one UE and the anchor eNB.

Example 55 may include the method of anv of examples 51 to 54, or any other example
herein, further comprising commumicating with the anchor eNB by the booster eNB over an
eNB to eNB communications link interface, optionally an X2 interface.

Example 56 may include the method of any of examples 5210 55, or any other example
herewn, further comprising: providing at least two primary conwnunications links with the at
least one UE; and splitting traffic to be sent between the at least two primary comnmnications
finks.

Example 57 may include the method of example 56, or any other example herein, wherein
sphitting traffic to be sent between the at least two primary commumications links comprises
providing at least two bearer links, wherein a bearer link is assigned to each primary
communications link.

Exarmple 58 may include the method of any of examples 5210 57, or any other example
herein, further comprising providing a multi-connectivity convergence protocol (MCCP)
stack entity, wherain the MUCP stack entity operates above individual radio access network
protocol sub-stacks and wherein the MCCP stack entity manages how the at least one UE’s
data traffic is routed over the primary and secondary communications hinks.

Example 59 may include the method of any of examples 52 to 38, or any other example
herein, wherein operating above individual radio access network protocol sub-stacks
comprises operating above the packet data convergence protocol (PDCP) stack entity of each
wireless communications link{s) operating in the eNB.

Example 60 may include the method of anv of examples 52 to 59, or any other example
herein, further comprising providing an independent user-plane and control-plane stack for
each other wireless communications link(s) operating in the eNB.

Example 61 may include the method of any of examples 52 to 60, or any other example

herein, further comprising providing PDCP bearer splitting by the MCCP stack entity.
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Example 62 may include the method of anv of examples 52 to 61, or any other example
herein, further comprising providing a user~-plane portion, MCCP-u, and a control-plane
portion, MCCP-~¢, of the MCCP stack entity.

Example 63 may include machine readable storage media having machine executable
instructions that, when executed, cause one or more processors 1o perform an operation {0
svnchronize neighboring cells using directional transrissions comprising: coordinating the
neighboring cells to maintain a fixed offset between the transmission of Evolved Node-B
{eNBj} control signals, wherein the control signals comprises: a Primary Synchronization
Signal (PSS) transmussion corresponding to one or more first eNB transmit-and-recetve
sectors; a Secondary Synchronization Signal (SS8) transmussion corresponding o one or
more second eNB transmit-and-receive sectors, as recetved through one or more UE transnut-
and-recetve sectors; and a Sector Level Sweep (SLS) signal; and wherein coordinating the
neighboring cells comprises: broadeasting offset information to a UE, wherein the offset
information includes a neighboring cell 1D, k, a maximum number of neighboring cells, N,
involved and a fixed time offset, Tomse, for use by a neighboring cell identified by k
Example 64 may include the machine readable storage media of example 63, or any other
example herein, wherein the fixed time offset, Togrser, 15 set to zero if the neighboring cells are
tightly synchronized, wherein tightly synchronized comprises being synchronized to a
symbol or less time period.

Exarmple 65 may include the machine readable storage media of example 63 or 64, or any
other example herein, wherein, if the neighboring cells are not tightly synchronized, wherein
tightly synchronized comprises being synchronized to a symbol or less time period, the
method farther comprises maintaining a separate timing regime for each neighboring cells
that 1s not tightly synchronized.

Example 66 may include the machine readable storage media of example 65, or any other
example herein, wherein maintaining a separate timing regime for each neighboring cell
comprises maintaining a separate imer clock for each neighboring cell.

Example 67 may include the machine readable storage madia of any of examples 63 to 66, or
any other example herein, further comprising transmitting consecutively the Primary
Synchrontzation Signal (PSS) transmission and the Secondary Synchronization Signal (SS5)
transonission in a first subframe transnussion of each neighboring cell and using the fixed
time offset, Ty, to delay a subsequent transmission of the Sector Level Sweep (SLS) signal

for each neighboring cell, wherein an overall delay of a given cell N is a k multiple of the
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fixed time offset, Topser, Wherein the first subframe transmission of each neighboring cell
containing the Primary Synchronization Signal (PSS) transmission and the Secondary
Synchronization Signal (888) transnission are sent simultaneously across all neighboring
cells.

Example 68 may inchude the machine readable storage media of any of examples 63 10 67, or
any other example heremn, further comprising consecutively transmitting the Primary
Synchronization Signal (PSK) transmission, the Secondary Synchronization Signal (888)
transmission and the Sector Level Sweep (SLS) signal in a first subframe transmission of
each neighboring cell, wherein the fixed time offsel, Ty, delays the transmission of the first
subframe of each neighboring cell respective to one another, wherein the neighboring cell k
delays the transmission of its first subframe by k x the fixed time offset, Typree.

Example 69 may include the machine readable storage media of anv of examples 63 {0 68, or
any other example herein, wherein Sector Level Sweep (SLS) comprises an exhaustive search
to select a best transmit sector on an eNB for a UE, wherein SLS is performed by both
transmitier and receiver.

Example 70 may include a method to synchronize neighboring cells using directional
transnissions comprising: coordinating the neighboring cells to maintain a fixed offset
between the transmission of Evolved Node-B (eNB) control signals, wherein the control
signals comprises: a Primary Synchronization Signal (PSS) transmussion corresponding to
one or more first eNB transmit-and-receive sectors; a Secondary Synchronization Signal
{SS8} transmission corresponding to one or more second eNB transnut-and-receive sectors,
as received through one or more UE transmit-and-recetve sectors; and a Sector Level Sweep
(SLS5) signal; and wherein coordinating the neighboring cells comprises: broadcasting offset
information to a UE, wherein the offset information includes a neighboring cell ID k., a
maximum number of neighboring celis, N, involved and a fixed time offset, Topse. for use by
aneighboring cell identified by k.

Exarmple 71 may include the method of example 70, or any other example herein, further
comprising setting the fixed time offset, Ty, 10 7ero if the neighboring cells are tightly
synchronized, wherein tightly svnchronized comprises being synchronized to a symbol or less
time period.

Example 72 may include the method of example 70 or 71, or any other example heremn,
wherein, if the neighboring cells are not tightly synchronized, wherein tightly synchronized

comprises being svnchronized 1o a svmbol or less time period, the method further comprises
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maintaining a separate timing regime for each neighboring cells that is not tightly
synchronized.
Example 73 may include the method of example 72, or any other example herein, wherein
maintaining a separate timing regime for each neighboring cell comprises maintaining a
separate timer clock for each neighboring cell.
Exarmple 74 may include the method of any of examples 70 to 73, or any other example
herein, further comprising: transmitting consecutively the Primary Synchronization Signal
{PSS) transmission and the Secondary Svnchronization Signal (888} transmssion in a first
subframe {ransmission of each neighboring cell, using the fixed time offsel, Tome, to delay a
subsequent transnussion of the Sector Level Sweep (SLS) signal for each neighboring cell,
wherein an overall delay of a given cell N is a k multiple of the fixed time offset, Tosrer; and
sending, simulianeously in the first subframe transmission of each neighboring cell, the
Primary Synchronization Signal (PS8) transmussion and the Secondary Synchronization
Signal (S88) transmission across all neighboring cells.
Example 75 may include the method of anv of examples 70 to 73, or any other example
herein, further comprising: consecutively transmitting the Primary Svochronization Signal
(PSS) transmission, the Secondary Synchronization Signal (S88) transmission and the Sector
evel Sweep (SLS) signal in a first subframe transmission of each neighboring cell; wherein
the fixed time offset, Tome delays the transmission of the first subframe of each neighboring
cell respective to one another, wherein the neighboring cell k delays the transmission of its
first subframe bv k x the fixed time offsel, Tosrer.
Example 76 may include the method of anv of examples 70 to 75, or any other example
herein, wherein Sector Level Sweep {(SLS) comprises an exhaustive search to select a best
transmit sector on an eNB for a UE, wherein SLS is performoed by both transnutter and
receiver.
Example 77 may include machine readable storage media having machine executable
msiructions that, when executed, cause one or more processors {o perform an operation in a
UE to detect a commumnications link loss, comprising: receiving communications over a
commumications link: and determining the communications link is lost (or broken) by
determining mcorrect receipt of at least one of a plurality of predetermined communications
types over the commounications link; wherein the plurality of predetermined coramunications
type comprises: a Physical Downlink Conirol Channel (PDCCH); a dedicated hink loss

detection broadcast located in a subframe portion to be received after the PDCCH, having a
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set of link loss detection broadcast parameters; and an enhanced Reference Signal (eRS)
persistently allocated for everv one or a fixed number of Transmut Tirne Intervals (TT1s)
associated with the communications link; and wherein incorrect receipt of the PDCCH,
dedicated link loss detection broadcast or enhanced Reference Signal comprises not
recetving the PDCCH, dedicated link loss detection broadcast or enhanced Reference Signal
on given sector of an evolved Node-B (eNB) within a predetermined time period.

Example 78 may include the machine readable storage media of example 77, or any other
example herein, wherein the eRS 1s mapped onto a predetermined sector of an eNB.

Example 79 may include the machine readable storage media of example 77 or 78, or any
other exarople herein, wherein the eRS includes cell 1D information.

Example 80 may include the machine readable storage media of any of examples 77 t0 79, or
any other example herein, wherein tirne and frequency allocations of wireless resources of the
eRS are mapped to an eNB sector index.

Example 81 may include a method in a UE to detect a communications link loss, comprising:
receiving communications over a communications link; and determining the communications
link 1s lost (or broken) by determuning incorrect receipt of at least one of a plurality of
predeternuned communications types over the coromunications link; wherein the plurality of
predetermined commumications {ype comprises: a Physical Downlink Control Channel
(PDCCH); a dedicated link loss detection broadcast located in a subframe portion to be
received after the PDCCH, having a set of link loss detection broadcast pararneters; and an
enhanced Reference Signal (eRS) persistently allocated for every one or a fixed number of
Transmit Time Intervals (TT1s) associated with the communications hink; and wherein
mcorrect receipt of the PDCCH, dedicated link loss detection broadcast or enhanced
Reference Signal comprises not receiving the PDCCH, dedicated link loss detection
broadcast or enhanced Reference Signal on given sector of an evolved Node-B (eNBE) within
a predetermined time period.

Exarmple 82 may include the method of example 81, or any other example herein, wherein the
eRS is mapped onto a predetermined sector of an eNB.

Example 83 may include the method of example 81 or 82, or any other example herein,
wherein the eRS includes cell 1D mformation.

Example 84 may include the method of anv of exaroples 82 to 83, or any other example
herein, wherein time and frequency allocations of wireless resources of the eRS are mapped

to an eNB sector index.
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Example 85 may include an apparatus of a User Equipment (UE) operable to communicate
with an Evolved Node-B {eNB) on a wireless network, comprising: one Or more processors
to: process communication signals received over a communications bink; and deternune the
communications link is lost (or broken) by determining incorrect receipt of at least one of a
plurality of predetermined communications tvpes over the communications link; wherein the
plurality of predetermined conwnunications type comprises: a Physical Downlink Control
Channel (PDCUH); a dedicated link loss detection broadeast located in a subframe portion to
be received after the PDCCH, having a set of fink loss detection broadcast parameters; and an
enhanced Reference Signal (eRS8) persistently allocated for every one for fixed number of
Transmit Time Intervals {TT1s) associated with the commmunications hink; and wherein
ncorrect receipt of the PDCCH, dedicated link loss detection broadcast or enhanced
Reference Signal comprises not receiving the PDCCH, dedicated hink loss detection
broadcast or enhanced Reference Signal on given sector of an evolved Node-B (eNB) within
a predetermined time period.

Example 86 may include the apparatus of example 85, or any other example herein, wherein
the eRS 18 mapped onlo a predetermined sector of an eNB.

Example 87 may include the apparatus of example 85 or 86, or any other example herein,
wherein the eRS includes cell 1D information.

Example 88. The apparatus of any of examples 85 to 87, wherein time and frequency
allocations of wireless resources of the eRS are mapped (o an eNB sector index.

Example 89 may include machine readable storage media having machine executable
imstructions that, when executed, cause one or more processors {o perform an operation in a
User Equipment (UE) to detect a communications hink loss, comprising: receiving a set of
link loss detection broadcast parameters; and using the set of link loss detection broadcast
parameters to detect receipt of the link loss detection broadcast; wherein the operation further
comprises: determining a lost communications link associated with the link loss detection
broadcast when the link loss detection broadcast is not correctly received; or determining the
communications link associated with the link loss detection broadcast is operational when the
link loss detection broadcast is correctly received; wherein the link loss detection broadcast
paramelers comprise: Tepen = a link loss detection broadcast interval, K = a number of
symbols in the Physical Downlink Control Channel (PDCCH); N = a maximum number of

symbols of the link loss detection broadcast; and M = a link loss detection threshold.
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Example 90 may include the machine readable storage media of example 89, or any other
example herein, wherein the hink foss detection broadcast is allocated to wireless resources
after the PDCCH,

Example 91 may include the machine readable storage media of example 89 or 90, or any
other example herein, wherein the wireless resources aliocated to the link loss detection
broadcast 1s configured through sysiem information.

Example 92 may include the machine readable storage madia of any of examples 89 t0 91, or
any other example herein, wherein the link loss detection broadeast has variable length, up to
a maximum length provided to the UE in advance of receipt.

Example 93 may include the machine readable storage media of any of exaroples 89 to 92, or
any other example herein, wherein the link loss detection broadcast comprises a cell
wdentification {cell ID) and sector index.

Exarmple 94 may include a method in a User Equipment (UE) to detect a conununications
link loss, comprising: receiving a set of link loss detection broadcast parameters; and using
the set of link loss detection broadcast parameters to datect receipt of the link loss detection
broadeast; wherein the operation further comprises: delermining a ost commumications hink
assoctated with the hink loss detection broadcast when the link loss detection broadcast is not
correctly received; or determining the communications link associated with the link foss
detection broadcast is operational when the link loss detection broadcast is correctly received;
wherein the link loss detection broadcast parameters comprise: Tegen = a Hink loss detection
broadcast interval; K = a number of symbols in the Physical Downlink Control Channel
{(PDCCH):, N = a maximuum number of svmbols of the link loss detection broadcast; and M =
a hink loss detection threshold.

Example 95 may include the method of example 94, or any other example herein, wherein the
link loss detection broadcast is allocated to wireless resources after the PDCCH.

Example 96 may include the method of example 94 or 95, or any other example herein,
wherein the wireless resources allocated to the link loss detection broadcast is configured
through system information.

Example 97 may include the method of anv of examples 94 to 96, or any other example
herein, wherein the link loss detection broadcast has vartable length, up to a maximum length

provided to the UE in advance of receipt.
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Example 98 may include the method of anv of examples 94 to 97, or any other example
herein, wherein the link loss detection broadeast comprises a cell identification (cell ID) and
sector index.

Example 99 may include an apparatus of a User Equipment (UE) operable to commumicate
with an Evolved Node-B (eNB) on a wireless network, comprising: one or more processors
to: receive a set of link loss detection broadcast parameters; and use the set of link loss
detection broadcast parameters io detect receipt of the link loss detection broadcast;
determine a lost communications link assoctated with the link loss detection broadcast when
the link loss detection broadcast 1s not correctly received; or determine the communications
link associated with the link loss detection broadcast is operational when the link loss
detection broadcast is correctly received; wherein the link loss detection broadcast parameters
comprise: Tepen = a link loss detection broadeast interval; K = anumber of symbols in the
Physical Downlink Control Charnel (PDCCH); N = a maximum nurnber of symbols of the
link loss detection broadcast; and M = a link loss detection threshold.

Example 100 may include the apparatus of example 99, or any other example herein, wherein
the tink loss detection broadcast is allocated to wireless resources after the PDCCH.

In examples, wireless resources may conmprise a portion of the subfrare transmission, 1.e.
one or more Physical Resource Block{s).

Example 101 may inchude the apparatus of example 99 or 100, or any other example herein,
wherein the wireless resources allocated to the link loss detection broadcast is configured
through system information.

Example 102 may include the apparatus of any of examples 99 to 101, or any other example
herein, wherein the link loss detection broadcast has vartable length, up to a maximum length
provided to the UE in advance of receipt.

Example 103 may include the apparatus of any of examples 99 to 102, or any other example
herein, wherein the link loss detection broadcast comprises a cell identification (cell 1D} and
sector mdex.

Example 104 may include machine readable storage media having machine executable
imstructions that, when executed, cause one or more processors {o perform an operation in an
Evolved Node-B (eNB} to detect a commumications hink loss, comprising: transmiting a set
of link loss detection broadcast parareters; and transmtting a link loss detection broadcast in
accordance with the set of link loss detection broadcast parameters; wherein the link loss

detection broadcast parameters comprise: Tepen = a link loss detection broadcast interval, K
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= g number of symbols in the Physical DBownlink Control Channel (PDCCH), N =2
maximum number of symbols of the Hink loss detection broadcast; and M = a link Joss
detection threshold.

Example 105 may include the machine readable storage media of example 104, or any other
example herein, wherein the link loss detection broadcast is allocated to wireless resources
after or before the PDCCH.

Example 106 may include the machine readable storage media of example 104 or 105, or any
other example herein, wherein the wireless resources aliocated to the link loss detection
broadeast 1s configured through system information.

Example 107 may include the machine readable storage media of any of exarmples 104 to
106, or any other example herein, wherein the link loss detection broadcast has variable
tength, up to a maximum length provided to a User Equipment (UE) in advance of receipt.
Example 108 may include the machine readable storage media of any of exanples 104 to
107, or any other example herein, wherein the link loss detection broadcast comprises a cell
identification {cell 1D} and sector index

Example 109 may include the machine readable storage media of any of examples 104 (o
108, or any other exarople herein, wherein directional transnussions coroprise nullimeter
wave {ransmissions.

Example 110 may include the machine readable storage media of any of examples 104 1o
109, or any other example herein, wherein link Joss detection broadcast parameters are sent
via system information.

Example 111 may include the machine readable storage media of any of examples 104 {o
110, or any other example herein, wherein the link loss detection broadcast comprises a
shortened Broadcast CHannel (sBCH) or an enhanced Reference Signal (eRS) persistently
allocated for every Transmit Time Interval (TT1) associated with the communications fink.
Example 112 may include the machine readable storage media of any of examples 104 1o
111, or any other example herein, wherein persisiently allocaied comprises being allocated to
persistent time and frequency wireless resources.

Example 113 may include a method i an Evolved Node-B (eNB) to detect a communications
hink loss, comprising: transmitting a set of link loss detection broadcast parameiers; and
transoitiing a hink loss detection broadeast in accordance with the set of hink loss detection
broadcast parameters; wherein the link loss detection broadcast parameters comprise: Tepey =

a link loss detection broadcast interval; K = a number of symbols in the Physical Downlink
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Control Channel (PDCCH); N = a maximum number of symbols of the link loss detection
broadcast, and M = g hink loss detection threshold.

Example 114 may include the roethod of example 113, or any other example herein, further
comprising allocating the link loss detection broadcast to wireless resources after or before
the PBCCH.

Exarple 115 may include the method of example 113 or 114, or any other example herein,
configuring the wireless resources allocated to the link loss detection broadcast through
system information.

Example 116 may incluade the method of any of examples 113 to 115, or any other example
herein, wherein the link loss detection broadcast has variable length, up to a maximum length
provided to the UE in advance of receipt.

Example 117 may include the method of any of examples 113 to 116, or anv other example
herein, wherein the hink loss detection broadcast comprises a cell identification {cell ID3) and
sector index

Example 118 may include the method of any of examples 113 to 117, or any other example
herein, wherein divectional transmussions comprise mullimeter wave transmissions.
Example 119 may include the roethod of any of exaraples 113 to 118, or any other example
herein, further comprising sending the link loss detection broadcast parameters via system
information.

Example 120 may include the method of any of examples 113 to 119, or anv other example
herein, wherein the link loss detection broadcast comprises a shortenad Broadcast CHannel
(sBCH) or an enhanced Reference Signal (eRS) persistently allocated for every Transmit
Time Interval (TT7) associated with the communications link.

Example 121 may include the moethod of any of exaraples 113 to 120, or any other example
herein, wherein persistently allocated comprises being allocated fo persistent time and
frequency wireless resources.

Example 122 may include an apparatus of an evolved Node-B (eNB) operable to
commmunicate with a User Equipment (UE) in a wireless network, comprising: one or more
processors to: transnt a set of link loss detection broadcast parameters; and transmit a link
loss detection broadcast in accordance with the set of link loss detection broadcast
parameters; wherein the Iink loss detection broadcast parameters comprise: Tesey = alink

loss detection broadcast interval; K = a number of symbols in the Physical Downlink Control
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Channel {(PDCCH): N = a maximum munber of symbols of the link loss detection broadcast;
and M = a link loss detection threshold.

Example 123 may include the apparatus of example 122, or any other example herein,
wherein the link loss detection broadcast is allocated to wireless resowrces after or before the
PDCCH.

Exarmple 124 may include the apparatus of exaraple 122 or 123, or anv other example herein,
wherein the wireless resources allocated to the link loss detection broadcast is configured
through sysiem information.

Example 125 may incluode the apparatus of anv of examples 122 to 124, or any other example
herein, wherein the link loss detection broadcast has variable length, up to a maximum length
provided to the UE in advance of receipt.

Example 126 may include the apparatus of any of examples 122 to 125, or any other example
herein, wherein the hink loss detection broadcast comprises a cell identification {cell ID3) and
sector index

Example 127 may include the apparatus of any of examples 122 to 126, or any other example
herein, wherein divectional transmussions comprise mullimeter wave transmissions.

Example 128 may include the apparatus of anv of examples 122 to 127, or any other example
herein, wherein link loss detection broadcast parameters are sent via svstem information.
Example 129 may inchude the apparatus of any of examples 104 to 128, or any other example
herein, wherein the link loss detection broadcast comprises a shortened Broadcast CHannel
(sBCH) or an enhanced Reference Signal (eRS)} persistently allocated for every Transmit
Time Interval (TT1) associated with the communications link.

Example 130 may incluade the apparatus of anyv of examples 104 to 111, or any other example
herein, wherein persistently allocated comprises being aliocated to persistent time and
frequency wireless resources.

Example 131 may inchude machine readable storage media having machine executable
mnsiructions that, when executed, cause one or more processors 1o perform an operation
between a User Equipment (UE) and at least two wireless network cells comprising:
maintaining a primary communications link with a first network cell; maintaining a
secondary communications link with a second network cell; and formung a persistent UpLink
{UL) Scheduling Request message (pSR REQ Message (UL)) for transmoission on the
secondary communications Hink; wherein forming a persistent UL Scheduling Request

message comprises: recetving a first offset value, dysrreq. the first offset value mdicative of
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an offset of symbols between a first symbol of the persistent UL Scheduling Request message
sent on an Uplink and a last symbol that can be used for DownLink (BLYUpLink (UL)
atiocation in a respective sublrame; receiving a second offset value, dpsrrse, the second
offset value indicative of an offset of symbols between the first symbol of the persistent UL
Scheduling Request message and a first symbol of the persistent UL Scheduling Response
message; receiving a cycle time of the persistent UL Scheduling Request message, Tpsp, 1n
terms of slots or subframes; and forming the persistent UL Scheduling Request message
dependent upon the received first offset value, second offset value and cvcle time,

Example 132 may incluode the machine readable storage media of example 131, or any other
example herein, further comprising receiving a persistent UL Scheduling Response message
(pSR Resp Megsage (UL)) on the secondary comnmunications hink dependent upon the
received first offset value, second offset value and cycle ime.

Exarmple 133 may include the machine readable storage media of exarople 131 or 132, or any
other example herein, wherein forming the persistent UL Scheduling Request message
dependent upon the received first offset value, second offset value and cvcle time comprises
using the first offset to determine a position in a subframe to transmul the persistent UL
Scheduling Request message, the position being relative 1o the end of the subframe 10 which
the persistent UL Scheduling Request message 1s to be sent.

Example 134 may include the machine readable storage media of any of examples 131 1o
133, or any other example herein, wherein forming the persisient UL Scheduling Response
message dependent upon the received first offset value, second offset value and cvcle time
comprises using the first offset to determine a position in a subframe to transmit the persistent
UL Scheduling Reguest message, the position being relative (o the end of the subframe in
which the persistent UL Scheduling Request message s 1o be sent, and using the second
offset value to determine a second position in a subframe to transmit the persistent UL
Scheduling Response message, the second position being relative to the first position.
Example 135 may include the machine readable storage media of any of examples 131 o
134, or any other example herein, wherein the position in a subframe to transmit the
persistent UL Scheduling Request message is located a symbol distance dyspreq away from
the end of the subframe, or the first svinbol of the common control and reference signals
{(Prirnary Syochronization Signal (PSS)Y/Secondary Synchronization Signal (SSS)/Broadcast

Channe! (BCH)/Sector Level Sweep (SLS}).
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Example 136 may include the machine readable storage media of any of examples 131 to
135, or any other example herein, wherein the second posttion in a subframe lo transmit the
persistent UL Scheduling Response message 1s located a symobol distance dpsr.rse away from
the start of the UL Scheduling Request message.

Example 137 may inchude the machine readable storage media of any of examples 131 to
136, or any other example herein, further comprising transnutting the persistent UL
Scheduling Request (pSR)} message on the secondary communications link,

Example 138 may include the machine readable storage media of any of examples 131 to
137, or any other example herein, further comprising transmitting the persistent UL
Scheduling Response message on the secondary comynunications link.

Example 139 may include a method in a UE comprising: maintaining a primary
communications link with a first network cell; maintaining a secondary communications hink
with a second network cell; and forming a persistent UpLink (UL) Scheduling Request
message (pSR REQ Message (UL} for transmission on the secondary communications link;
wherein forming a persistent UL Scheduling Request message comprises: recetving a first
offset value, dysp.nug, the first offset value mdicative of an offset of symbols between a first
symbol of the persistent UL Scheduling Request message sent on an Uplink and a last symbol
that can be used for DownLink (DLYUpLink (UL) allocation in a respective subframe;
receiving a second offset value, dysprse, the second offset value indicative of an offset of
syrobols between the first symbol of the persistent UL Scheduling Request message and a
first symbol of the persistent UL Scheduling Response megsage; recetving a cvcle time of the
persistent UL Scheduling Request message, Tygr. 1n terms of slots or subframes; and forming
the persisient UL Scheduling Request message dependent upon the received first offset value,
second offset value and cvcle time,

Example 140 may include the method of example 139, or any other example herein, further
comprising receiving a persistent UL Scheduling Response message (pSR Resp Message
{(UL)) on the secondary commumications hnk dependent upon the received first offset value,
second offset value and cycle time,

Example 141 may include the method of example 139 or 140, or any other example herein,
wherein forming the persistent UL Scheduling Request message dependent upon the received
first offset value, second offset value and cycle time comprises using the first offset to

determine a position in a subframe to transmit the persisient UL Scheduling Reguest
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message, the position being relative to the end of the subframe in which the persistent UL

Scheduling Requesti message is to be sent.

Example 142 may include the method of any of examples 139 to 141, or anv other example
herein, wherein forming the persisient UL Scheduling Response message dependent upon the
received first offset value, second offset value and cycle ime comprises using the first offset
to determine a position in a subframe to transmit the persistent UL Scheduling Request
message, the position being relative to the end of the subframe in which the persistent UL
Scheduling Request message is to be sent, and using the second offset value to determine a
second position in a subframe to transnut the persistent UL Scheduling Response message,
the second position being relative to the first position.

Example 143 may include the method of any of examples 139 1o 142, or anv other example
heren, wherein the position in a subframe to transmit the persisient UL Scheduling Request
message 1s located a symbol distance dpsr.rug away from the end of the subframe, or the first
symbol of the common control and reference signals (Primary Synchronization Signal
{PSS)/Secondary Synchronization Signal (S88)/Broadcast Channel (BCH)/Sector Level
Sweep (SLS)).

Example 144 may include the method of any of examples 139 to 144, or anv other example
herein, wherein the second position in a subframe to transimit the persistent UL Scheduling
Response message is located a symbol distance dpgprse away from the start of the UL
Scheduling Request message.

Example 145 may include the method of any of examples 139 to 145, or any other example
herein, further comprising transmitting the persistent UL Scheduling Request (pSR) message
on the secondary communications link.

Example 146 may include the method of any of examples 139 to 146, or anv other example
herein, further comprising transmitting the persistent UL Scheduling Response message on
the secondary communications hink.

Example 147 may include an apparatus of a User Equipment (UE) operable to communicate
with an evolved Node-B {eNB} in a wireless network, comprising. one or more processors (o
maintain a primary communications link with a first network cell; mamntain a secondary
communications link with a second network cell; and form a persistent UpLink (UL)
Scheduling Request message {(pSR REQ Message (1JL)} for transmission on the secondary

communications link; wherein, to form a persistent UL Scheduling Request message, the one
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or more processors are to: receive a first offset value, dpsrreo, the first offset value indicative
of an offset of symbols between a first symbol of the persistent UL Scheduling Request
message sent on an Uplink and a last symbol that can be used for DownLink (DL)/UpLink
(UL) allocation in a respective subframe; receive a second offset value, dysr-rap, the second
offset value indicative of an offset of symbols between the first symbol of the persistent UL
Scheduling Request message and a first svmbol of the persistent UL Scheduling Response
message; receive a cycle itime of the persistent UL Scheduling Request message. Tysp, In
terms of siots or subframes; and form the persistent UL Scheduling Request message
dependent upon the received first offset value, second offset value and cycle time,

Example 148 may include the apparatus of example 147, or any other example herein,
wherein the one or more processors are further to receive a persistent UL Scheduling
Response message {pSR Resp Message (UL)Y) on the secondary communications link
dependent upon the received first offset value, second offset value and cvcle time.

Example 149 may include the apparatus of example 147 or 148, or anv other example herein,
wherein the one or more processors are further {o form the persistent UL Scheduling Request
message dependent upon the received first offset value, second offset value and cycle time
comprises using the first offset to determine a position in a subframe to transmit the persistent
UL Scheduling Request message, the position being relative to the end of the subframe in
which the persistent UL Scheduling Request message is to be sent.

Example 150 may include the apparatus of any of examples 147 to 149, or any other example
herein, wherein the one or more processors are further to form the persistent UL Scheduling
Response message dependent upon the received first offset value, second offset value and
cvele time comprises using the fivst offset to determine a position in a subframe fo transmit
the persistent UL Scheduling Request message, the position being relative to the end of the
subframe in which the persistent UL Scheduling Request message is 1o be sent, and using the
second offset value to determine a second position in a subframe to transmit the persistent UL
Scheduling Response message, the second position being relative to the first position.
Example 151 may include the apparatus of any of examples 147 to 130, or any other example
herein, wherein the position in a subframe to transmit the persistent UL Scheduling Request
message 1s located a symbol distance dpsr.req away {from the end of the subframe, or the first
symbol of the common control and reference signals (Primary Svnchronization Signal
(P8S)YSecondary Synchronization Signal (888)/Broadcast Channel (BCH)Y Sector Level
Sweep (SLS)).
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Example 152 may include the apparatus of any of examples 147 to 151, or any other example
herein, wherein the second posttion in a subframe to ransmit the persistent UL Scheduling
Response message 1s located a symbol distance dpsrorse away {rom the start of the UL
Scheduling Request message.

Example 153 may inchude the apparatus of any of examples 147 to 152, or any other example
heren, wherein the one or more processors are further to transnut the persistent UL
Scheduling Request (pSR)} message on the secondary communications link,

Example 154 may include the apparatus of any of examples 147 to 133, or any other example
herein, wherein the one or more processors are further to transmt the persisient UL
Scheduling Response message on the secondary communications link.

Example 155 may include machine readable storage media having machine executable
mnsiructions that, when executed, cause one or more processors 1o perform an operation
between a User Equipment (UE) and at least two wireless network cells comprising:
maintaining at least one primary communications link between the UE and a first network
cell and using the at least one primary communications link to send and receive data between
the UE and the wireless network; maintaining at least one secondary comunications link
between the UE and a second network cell and using the at least one secondary
communications link to send and receive conitrol messages {e.g. scheduling request) between
the UE and the wireless network; detecting a loss of a primary communications link; and
carrving out a fast cell switching (FCS) procedure at the UE to switch cornmunications from
the lost at least one primary communications link to use a one of the at least one secondary
communications link.

Example 156 may incluode the machine readable storage media of example 155, or any other
example herein, wherein the FCS procedure comprises: selecting an appropriate one of the at
least one secondary communications link transmitting a FCS switch request control message
over the selected secondary communications hink to an Evolved Node-B {eNB) providing the
secondary commumnications Hnk: receiving an FCS switch response control message from the
eNB providing the secondary communications link,

Example 157 may include the machine readable storage media of example 155 or 156, or any
other exarnple herein, wherein the FCS procedure further comprises: setting the eNB
providing the secondary communications link as a new primary eNB providing anew
primary communications link; and sending and receiving all data between the UE and the

wireless network over the new primary communications link.
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Example 158 may include the machine readable storage media of any of examples 155 to
157, or any other example herein, wherein transmitting a FCS switch request message over
the selected secondary communications link to an eNB providing the secondary
communications link compriges transmiiting the FCS switch request in a persistent
Scheduling Request message {pSR-REQ).

Exarmple 159 may include the machine readable storage media of any of exanples 155 to
158, or any other example herein, wherein receiving an FCS switch response message from
the eNB providing the secondary communications link comprises receiving the FCS switch
response in a persistent Scheduling Response message (pSR-RSP).

Example 160 may include the machine readable storage media of any of exarmples 155 to
159, or any other example herein, wherein the operation of examples 155 to 15% occurs in a
UE.

Exarmaple 161 may include a method 1n a User Equipment (UE)} comprising: mamtaining at
least one primary communications link between the UE and a first network cell and using the
at feast one primary commumications link to send and receive data between the UE and the
wireless network; maintaiming at least one secondary communications link between the UE
and a second network cell and using the at least one secondary comynunications link to send
and recetve control messages {e.g. scheduling request) between the UE and the wireless
network; detecting a loss of a primhary commumications link; and carrving out a fast cell
switching (FCS) procedure at the UE to switch communications from the lost at feast one
primary communications link to use a one of the at least one secondary communications link.
Example 162 may include the method of example 161, or any other example herein, wherein
the FCS procedure comprises: selecting an appropriate one of the at feast one secondary
comnumnications link transnutiing a FCS switch request control message over the selected
secondary commumnications link to an evolved Nobe-B (eNB) providing the secondary
communications link; receiving an FCS switch response control message from the eNB
providing the secondary communications hink.

Exarmple 163 may include the method of example 161 or 162, or any other example herein,
wherein the FUS procedure further comprises: setting the eNB providing the secondary
commumcations link as a new primary eNB providing a new primary commumications hnk;
and sending and receiving all data between the UE and the wureless network over the new

primary communications link,
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Example 164 may include the method of any of examples 161 to 163, or any other example
herein, wherein transmitting a FCS switch request message over the selected secondary
communications hink to an eNB providing the secondary comynunications link comprises
transmitting the FCS switch request in a persistent Scheduling Request message (pSR-REQ).
Example 165 may inchide the method of any of examples 161 to 164, or any other example
heren, wherein receiving an FCS switch response message from the eNB providing the
secondary communications fink comprises receiving the FCS switch response in a persistent
Scheduling Response message {(pSR-RSP}.

Example 166 may incluode an apparatus for a User Equipment (UE) comprising: one or more
processors to; maintain at feast one primary communications link between the UE and a first
network cell and using the at least one primary communications link to send and receive data
between the UE and the wireless network; maintain at least one secondary communications
link between the UE and a second network cell and using the at least one secondary
communications link to send and receive control messages (e g. scheduling request) between
the UE and the wireless network; detect a loss of a primary commumnications link; and carry
out a fast cell swiiching (FCS) procedure at the UE to switch communications from the lost at
least one privnary cornmunications link to use a one of the at least ove secondary
communications link.

Example 167 may inchude the apparatus of example 166, wherein the one or more processors
are further to: select an appropriate one of the at least one secondary communications hnk
transmit a FCS switch request control message over the selected secondary comnmunications
link to an evolved Nobe-B (eNB) providing the secondary communications link; receive an
FCS switch response conirol message from the eNB providing the secondary
commumcations link.

Example 168 may include the apparatus of example 166 or 167, or any other example herein,
wherein the one or more processors are fuither to: set the eNB providing the secondary
communications link as a new privnary eNB providing a new primary communications link;
and send and receiving all data between the UFE and the wireless network over the new
primary commumntcations link.

Example 169 may include the apparatus of any of examples 166 to 168, or any other example
herein, wherein the one or more processors are turther fo transmit a FCS switch request fo the

eNB inn a persistent Scheduling Request message (pSR-REQ).
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Example 170 may include the apparatus of any of examples 166 1o 169, or any other example
herein, wherein the one or more processors are further to recetve an FCS switch response
message from the eNB in a persistent Scheduling Response message (pSR-RSP).

Example 171 may include machine readable storage media having machine executable
instructions that, when executed, cause one or more processors 1o perform an operation
between a User Equipment (UE) and at least two wireless network cells comprising:
maintaining at least one primary communications link between the UE and a first Evolved
Node-B {eNB} of a first network cell and using the at least one primary communications link
1o send and receive data between the UE and the wireless network; maintaining at least one
secondary communications link between the UE and a second eNB of a second network cell
and using the at least one secondary communications link to send and receive persistent
scheduling messages between the UE and the wireless network; recetving a {ast cell
switching request message from the UE at the second eNB providing the secondary network
cell when a one of the at least one primary communications link to the UE is lost;

transmitting

w2

from the second eNB providing the secondary network cell, a fast cell switching
response message to the UE over the secondary communications link; transmutting, from the
second eNB to the anchor eNB providing communications between the UE and a core
network serving the wireless network, a fast ceil switching notification message to control the
first eNB to forward all communications for the UE to the second eNB for onward
transmission to the UE by the second eNB.

Example 172 may include the machine readable storage media of example 171, or anv other
example herein, further comprising initiating a sector scanning procedure at the second eNB
1o select a most appropriate sector of the second eNB for use (o communicate with the UE.
Example 173 may include the machine readable storage media of any of exaraples 171 or
172, or anv other example herein, wherein selecting most appropriate sector of the second
eNB for use {o communicate with the UE comprising selecting a sector having a selection
parameter exceeding a predetermined threshold.

Example 174 may include the machine readable storage media of any of examples 171 to
173, or anv other example herein, wherein receiving a fast cell switching request message
from the UE at the second eNB comprises receiving the FCS switch request in a persistent
Scheduling Request message (pSR-REQ).

Example 175 may include the machine readable storage media of any of examples 171 to

174, or any other example herein, wherein transmitting FCS switch response message from
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the second eNB comprises transmitting the FCS switch response in a persistent Scheduling
Response message (pSR-RSP).

Example 176 may include the machine readable storage media of any of exarmples 171 to
175, or any other example herein, further comprising detecting a loss of a primary
communications link according to any of examples 81 to 84 or 94 t0 98.

Example 177 may include the machine readable storage media of any of exanples 171 to
176, or any other example herein, wherein the operation occwwrs in an eNB.

Example 178 may include a method in an Evolved Node-B (eNB) comprising: maintaining at
least one primary communications link between a User Equipment (UE) and a first eNB of a
first network cell and using the at least one primary comununications link to send and receive
data between the UE and the wireless network; maintaining at least one secondary
communications link between the UE and a second eNB of a second network cell and using
the at least one secondary commurucations link to send and receive persistent scheduling
messages between the UE and the wireless network; receiving a fast cell switching request
message from the UE at the second eNB providing the secondary network cell when a one of
the at least one primary communications hink to the UE ts lost; transmuiting, from the second
eNB providing the secondary network cell, a fast cell switching response message to the UE
over the secondary communications fink; transmitting, from the second eNRB to the anchor
eNB providing communications between the UE and a core network serving the wireless
network, a fast cell switching notification message (o control the first eNB to forward all
communications for the UF to the second eNB for onward transmission to the UE by the
second eNB.

Example 179 may include the method of example 178, or any other example herein, {further
comprising intiating a sector scanning procedure at the second eNB to select a most
appropriate sector of the second eNB for use to communicate with the UE.

Example 180 may inchide the method of any of examples 178 or 179, or any other example
herewn, wherein selecting most appropriate sector of the second eNB for use to communicate
with the UE comprising selecting a sector having a selection parameter exceeding a
predetermined threshold.

Example 181 may incluode the method of any of examples 178 to 180, or any other example
herein, wherein receiving a fast cell switching request message from the UE at the second
eNB comprises receiving the FUS switch request in a persistent Scheduling Request message

(pSR-REQ).
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Example 182 may include the method of any of examples 178 to 181, or any other example
herein, wherein transmitiing FCS switch response message from the second eNB comprises
transoitting the FCS switch response in a persistent Scheduling Response message (pSR-
RSP},

Example 183 may inchide the method of any of examples 178 to 182, or any other example
heremn, further comprising detecting a loss of a primary conununications hink according to
any of examples 81 to 84 or 94 to 98.

Example 184 may include an apparatus for an Evolved Node-B (eNB) comprising: ong
or more processors 1o maintain at least one primary communications link between a User
Equipment (UE) and a first eNB of a first network cell and using the at least one primary
communications link to send and receive data between the UF and the wireless network;
maintain at least one secondary commumications ink between the UE and a second eNB of a
second network cell and using the at least one secondary communications link to send and
receive persistent scheduling messages between the UE and the wireless network; receive a
fast cell switching request message from the UE at the second eNB providing the secondary
network cell when a one of the at feast one primary communications link to the UE 15 lost;
transonit, from the second eNB providing the secondarv network cell, a fast cell switching
response message to the UE over the secondary commumications hink; transmit, from the
second eNB to the anchor eNB providing commumications between the UE and a core
network serving the wireless network, a fast cell switching notification message to control the
first eNB to forward all communications for the UE io the second eNB for onward
transmission io the UE by the second eNB.

Example 185 may include the apparatus of example 184, or any other example heren,
wherein the one or more processors are further to mutiate a sector scanning procedure at the
second eNB 1o select a most appropriate sector of the second eNB for use to commumicate
with the UE.

Example 186 may include the apparatus of any of examples 184 or 185, or any other example
herein, wherein the one or more processors are further to select a most appropriate sector of
the second eNB for use to communicate with the UE dependent upon a selection parameter
exceeding a predetermined threshold.

Example 187 may include the apparatus of anv of examples 184 to 186, or any other example

herein, wherein the one or more processors are further to receive a fast celi switching request
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message from the UE at the second eNB comprises in a persistent Scheduling Request
message (pSR-REQ).

Example 188 may include the apparatus of anv of examples 184 to 187, or any other example
herein, wherein the one or more processors are further fo fransmit the FCS switch response in
a persistent Scheduling Response message (pSR-R5P).

Exarmple 189 may include the apparatus of any of examples 184 to 188, or any other exaruple
herein, wherein the one or more processors are further to detect a loss of a primary
communications link according to any of examples 81 to 84 or 94 to 98.

Example 190 may inclade an apparatus comprising means for carrying any of method
examples 21 10 28, 52 1o 62, 70 to 76, 81 to 84, 94 10 98, 113 10 121, 139 0 146, 161 10 165,
and 178 to 183. Unless otherwise explicitly stated as incompatible, or the physics or
otherwise of the embodiments, example or claims prevent such a combination, the features of
the foregoing embodiments and exaroples, and of the following claims may be integrated
together in any suitable arrangement, especially ones where there 1s a beneficial effect in
doing so. This is not limited to only any specified benefit, and instead may arise from an “ex
post facte™ benefit. This is to say that the combination of features is not limited by the
described forms, particularly the form (e g numbering) of the example(s), embodiment(s), or
dependency of the claim{s). Moreover, this also applies to the phrase “in one embodiment”,
“according to an embodiment” and the like, which are merely a stylistic form of wording and
are not to be construed as limiting the following features 1o a separaie embodiment to all
other instances of the same or similar wording. This is o say, a reference to ‘an’, “one’ or
‘some” embodiment(s) may be a reference to any one or more, and/or all embodiments, or
combination{s) thereof, disclosed. Also, simlarly, the reference 10 “the” embodiment may
not be hinuted to the immediately preceding embodiment. An abstract is provided that will
allow the reader to ascertain the nature and gist of the technical disclosure. The abstract is
submitted with the understanding that it will not be used to limit the scope or meaning of the
claims. The following claims are hereby incorporated into the detailed description, with each

claim standing on its own as a separate embodiment.
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CLAIMS
We claim
1. An apparatus of a User Equipment (UE) operable to communicate with an Evolved

Node-B (eNB) on a wireless network, comprising:
ONe OF MOTe Processors 1o
maintain a plurality of radio access network comunumications links between
the UE and at least two eNBs of a radio access network of the wireless network,
wherein at feast a first eNB 15 an anchor eNB and wherein al least a second eNB is a
booster eNB, said plurality of radio access network commumications links hetween the
UF and aradio access network of the wireless network comprising at least one
primary communications link and at least one secondary communications link; and
switch between actively using the at least one primary conwuunications link
for sending and receiving data of the UE to actively using the at least one secondary
communications link for sending and receiving data of the UE when the at least one
primary communications link is determined to be lost;
wherein the anchor eNB 15 operable to provide both communications between the UE
and a core network serving the wireless network, and communications between the UE and a
radio access network providing the wireless network; and
wherein the booster eNB is operable {0 provide communications between the UE and
the radio access network providing the wireless network, and is operable to communicate

with the core network only via the anchor eNB.

2. The apparatus of claim 1, wherein the anchor eNB provides both user-plane and

control-plane communications between the UE and the core network.

3. The apparatus of claimn 1, wherein the booster eNB provides both user-plane and

control-plane communications between the UE and the anchor eNB.

4, The apparatus of ¢laim 1, wherein the booster eNB communicates with the anchor

eNB over an eNB to eNB communications hink mterface, optionally an X2 interface.
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5. The apparatus of claim 1, wherein the UE maintains at least two primary
communications links, and wherein the one or more processors are further to split traffic to be

sent hetween the at least two primary comnumications links.

6. The apparatus of claim 5, wherein to split traffic 1o be sent between the at least two
primary comununications links comprises providing at least two bearer links, wherein a bearer

link is assigned to each primary conununications link.

7. The apparatus of claim 1, wherein the one or more processors are further to:

provide a multi-connectivity convergence protocol (MCCP) stack entity, wherein the
MCCP stack entity operates above individual radio access network protocol sub-stacks, and
wherein the MCCP stack entity manages how the UE data traffic is routed over the primary

and secondary communications hinks.

8. The apparatus of claim 1, wherein to operate above individual radio access network
protocol sub-stacks comprises operating above the packet data convergence protocol (PDCP)

stack entity of each wireless conmmunications link(s) operating in the UE.

9. The apparatus of claim 1, wherein each wireless communications link(s) operating in
the UE comprises an independent user-plane and control-plane stack o provide operation

independent from each other wireless comnumications link{s) operating in the UK.

10, The apparatus of claim 1, wherein the one or more processors are further to provide

PDCP bearer splitting by the MCCP stack entity.

il The apparatus of claim 7, wherein the MCCP stack entity comprises a user-plane

portion, MCCP-u, and a control-plane portion, MCCP-¢.

12, An apparatus of an Evolved Node-B (eNB) operable to communicate with a User
Equipment (UE) on a wireless network, comprising:

One OF MOTe processors 0!
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selectably operate the eNB in a first operational state that acts as an anchor eNB to at
least one UE, whergin operating as the anchor eNB comprises providing communications
between the at least one UE and a core network serving the wireless network; and

selectably operate the eNB in a second operational state that acts as a booster eNB to
the at least one UE, wherein operating as the booster eNB comprises providing
communications between the at least one UE and a radio access network of the wireless
network;

wherein the one or more processors are further to:

select between the first and second operational siates based upon information from the

at least one UE.

i3, The apparatus of claimn 12, wherein the anchor eNB provides both user-plane and

control-plane communications between the at least one UE and a core network.

14, The apparatus of claim 12, wherein the booster eNB provides both user-plane and

control-plane commumications between the at least one UE and the anchor eNB.

15. The apparatus of claim 12, wherein the booster eNB communicates with the anchor

eNB over an eNB to eNB communications link interface, optionaily an X2 interface.

16 The apparatus of claim 12, wherein the eNB provides at least two primary
communications links with the at least one UE, and wherein the one or more processors are

further to sphit traffic 1o be sent between the at least two primary communications hinks.

17.  The apparatus of claim 12, wherein the one or more processors are further to:
provide a multi-connectivity convergence protocol (MCCP) stack entity, wherein the

MCCP stack entity operates above individual radio access network protocol sub-stacks, and

wherein the MUCP stack entity manages how the at least one UE’s data traffic is routed over

the primary and secondary commumications links.

18, An apparatus of a User Equipment (UE) operable to conununicate with an Evolved
WNode-B (eNB) on a wireless network, comprising:

one of more processors 1o:
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process comnminication signals received over a communications link; and

determineg the communications link is fost by determining incorrect receipt of at least
one of a plurality of predetermined communications types over the communications link;

wherein the plurality of predetermined communications type comprises:

a Physical Downlink Control Channel (PDCCH),

a dedicated link loss detection broadcast located 1n a subframe portion to be receivec
after the PDCCH, having a set of link loss detection broadcast parameters; and

an enhanced Reference Signal {eRS) persistently allocated for every one for fixed
number of Transmut Time Intervals (TTIs) associated with the communications hink; and

wherein incorrect receipt of the PDCCH, dedicated link loss detection broadcast or
enhanced Reference Signal comprises not recetving the PDCCH, dedicated link loss detection
broadcast or enhanced Reference Signal on given sector of an evolved Node-B {eNB) within

a predetermined time period.

19, The apparatus of claim 18, wherein the eRS is mapped onto a predetermined sector of
an eNB.

20, The apparatus of claim 18, wherein the eRS includes cell 1D information.

21 The apparatus of claimn 18, wherein fime and frequency allocations of wireless

resources of the eRS are mapped to an eNB sector index.

22. A method in a User Equipment (UE) to detect a communications link loss,
comprising:
eceiving a set of link loss detection broadcast parameters; and

using the set of link loss detection broadcast parameters to detect receipt of the link
toss detection broadcast;

wherein the operation further comprises:

determining a lost communications link associated with the link loss detection
broadcast when the hink loss detection broadcast 15 not correctly received; or

determining the cornmurnications link associated with the link loss detection broadcast
is operational when the link loss detection broadcast 15 correctly received:

wherein the link loss detection broadcast parameters comprise:
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Tiren = a link loss detection broadcast interval;
K = anumber of symbols i the Physical Downlink Control Channel (PDCCH);
N = a maximum number of svinbols of the link loss detection broadcast; and

M = g kink loss detection threshold.

o]

t

23, The method of claim 22, wherein the link loss detection broadcast is allocated to
wireless resources after the PDCCH, or has variable length, up to 2 maximum length

provided to the UE in advance of receipt.

24. The method of claim 22, wherein the wireless resources allocated {o the link loss

detection broadcast is configured through system information.

25, The roethod of claim 22, wherein the link loss detection broadcast comprises a cell

identification (cell 1D} and sector index.
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This International Searching Authority found multiple (groups of)
inventions in this international application, as follows:

1. claims: 1-11

A User Equipment (UE) operable to communicate with an
Evolved Node-B (eNB) on a wireless network, that maintains a
plurality of radio access network communications links
between the UE and at least two eNBs of a radio access
network of the wireless network, wherein at Teast a first
eNB is an anchor eNB and wherein at least a second eNB is a
booster eNB, said plurality of radio access network
communications links between the UE and a radio access netw
ork of the wireless network comprising at least one primary
communications link and at least one secondary
communications link; and switches between actively using the
at lTeast one primary communications link for sending and
receiving data of the UE to actively using the at least one
secondary communications link for sending and receiving data
of the UE when the at least one primary communications link
is determined to be lost.

2. claims: 12-17

An eNB operable to communicate with a UE on a wireless
network, that selectively operates the eNB in a first
operational state that acts as an anchor eNB to at least one
UE, wherein operating as the anchor eNB comprises providing
communications between the at least one UE and a core
network serving the wireless network, and in a second
operational state that acts as a booster eNB to the at least
one UE, wherein operating as the booster eNB comprises
providing communications between the at least one UE and a
radio access network of the wireless network; and selects
between the first and second operational states based upon
information from the at Teast one UE.

3. claims: 18-21

A UE operable to communicate with an eNB on a wireless
network, that determines the communications link is lost by
determining incorrect receipt of at least one of a plurality
of predetermined communications types over the
communications 1link, wherein the plurality of predetermined
communications type comprises a Physical Downlink Control
Channel (PDCCH), a dedicated 1ink loss detection broadcast
located in a subframe portion to be received after the
PDCCH, having a set of Tink loss detection broadcast
parameters and an enhanced Reference Signal (eRS)
persistently allocated for every one for fixed number of
Transmit Time Intervals (TTIs) associated with the
communications link; and wherein incorrect receipt of the
PDCCH. dedicated 1ink loss detection broadcast or enhanced
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Reference Signal comprises not receiving the PDCCH,
dedicated 1ink loss detection broadcast or enhanced
Reference Signal on given sector of an eNB within a
predetermined time period.

4. claims: 22-25

A method in a UE to detect a communications link loss
comprising receiving a set of link loss detection broadcast
parameters; and using the set of 1link Toss detection
broadcast parameters to detect receipt of the link Toss
detection broadcast; determining a lost communications link
associated with the Tink loss detection broadcast when the
link loss detection broadcast is not correctly received or
that the communications link associated with the Tink loss
detection broadcast is operational when the Tink loss
detection broadcast is correctly received, wherein the link
loss detection broadcast parameters comprise:

T sBCH = a link Toss detection broadcast interval;

K = a number of symbols in the Physical Downlink Control
Channel (PDCCH);

N = a maximum number of symbols of the link loss detection
broadcast; and

M = a link loss detection threshold.
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