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SUPPORT OF IDLE MODE PAGING IN NON-ANCHOR CARRIER
Related Applications

This application claims benefit of ULS. Provisional Patent Appheation No.

§2/373 888, filed on August 11, 2016, and UK. Provisional Patent Application No.
62414478, filed on October 28, 2016, each of which ix hereby incorporated by reference
herein 1 iy entivety.

Technical Field

Vartous embodiments generally may relate to the field of wireless
commumications, and in particular to the support of 1dle mode paging on a non-anchoy
carrier.

Backgrouud

The Third Generation Partnership Project (3GPP) introduced g Narrow-Band
Isternet-of- Things (NB-loT) design into its Release 13 specifications of the Long-Term
Evohation (LTE) wireless mobile commumications standard. The 3GPP LTE NB-loT
specifications defive a Radio Access Technology {RAT) for a Cellular Internet-of-Things
{C1oT) based on a nop-backward-compatible variant of the evolved Universal Mobile
Telecommunications System (UMTS) Terrestrial Radio Access {E-UTRA ) standard,
specifically satlored towards improved indoer coverage, support for a massive number of
fow throughput devices, low delay sensitivity, ultra-Jow device complexity and cost, low
device power consumption and {optimized) network architecture.

Furthermore, the NB-IoT system s being designed to support fow complexity
devices that support only 180 kHz User Equipment {UE) Radio Frequency (RF)
bandwidih for both downhnk (DL and pplink (UL} communications, i three different
modes of operation: stand-alone deployment, NB-IoT deplovment i the guard band of an
LTE carer, and NB-loT deployed in-band. A NB-loT carrier generally includes one
legacy LTE Physical Resource Block (PRB) for in-band mode and its equivalent in stand-
atone/guard-band modes, corresponding 1o a system bandwidth of 180kHz2.

However, it is also possible to suppart multi-carrier operation (MCO) for NB-loT
systers such that more than a single 180 kHz carvier is available for the network to
configure the UE to other than the anchor carrier. Thus, a UE wpon Radio Resource
Control (RRC) connection establishment {or if it 1s supported/applicable, m future RRC
Connection Reconfigurations), may be divected to another NB-IoT carrier via dedicated
RRC signaling to retune from the current carrier to an additional DL or UL NB-loT casrier

m order to receive or transmit, respectively. According to agreements at the Radio Access
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MNetworkl {RANT) 274 gd-hoe meeting on NB-IoT, held in March of 2016, [RAN]

Chairman’s notes, RANT 2 ad-hoc meeting on NB-IoT, March 2016}, the following was
provided as regards multi-cartier operation:

*  Any combination, L.e., inband-+inband, inband+guardband, and
guardband+ guardband should be altowed for NB-loT mulii-carrier operation with
the constraint that both guard-bands and the 1n-band are associated with the same
LTE donor cell, te,, the total span cannot exceed 110 PRBs from the same FFT,

> No suppott of NB-loT nwdti-carrier operation for standalone mode with either
guard-band or in-band mode of operation;

* Standalonetstandalone should be allowed for NB-loT mualti-carrter operation with
the constraint that the total frequency span cannot excesd 20MHz and both NB-loT
carriers are svnchronized, f.e., the time alignment ervor shall not exceed the
mininwn requirenent for tra-band contiguous carrier aggregation in TS 36.104;

+  On Physical Resource Blocks (PRBs) different than the NB-IoT carrier on which
the UK has recerved Narrow Band Primary Synchrontzation Signals/Secondary
Synchronization Signals (NB-P8S/S58}, Narrow Baud-Physical Broadcast
Channel  (NB-PBCH} and System Information Block (818 ) transmissions, the
NB-IoT UE does not rate match around NB-PBCH and NB-PSS/SSS, 1., the
mapping of narrow band physical downlink control channels/physical downlink
shared channel (NB-PDCCH/PDSCH) symbels to REs occurs without
consideration of NB-PSS/SSSPBCH.

Thus, accordng to agreements made by 3GPP RAN Working Groupl {WG 1) and
Working Group2 (WG, a Release-13 UE directed to an additional carrier may only use
the additional carrier for antcast waffic. All common control message transmissions,
wcluding procedures such as random access {RAY and paging, are to be performmed only on
the anchor carrier.

Brief Deseription of the Drawings

Embodiments will be readily understood by the following detatled description in
conjunction with the accompanying drawings. To facilitate this deseription, like reference
mumerals designate like sivactural elements. Embodiments are Hhostrated by way of
example and not by way of limitation i the figures of the accompanying drawings.
Figore 1 illustrates an example network that inchudes a user equipment {UE) and an

avolved NodeB {(eNB), in accordance with various emsbodiments.
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Figure 2 dlustrates an example network that includes a plurality of eNBs_ in accordance

with various embodiments.

Figure 3 iflustrates an overview of the operational flow of a process for determining

whether to consider an anchor carrier for monitoring paging for a UE, i accordance with

various embodiments.

Figure 4 ithustrates an overview of the operational flow of a process for sending carrier

configuration information o a UE capable of monitoring paging on 8 non-anchor carrier,

i accordance with various embodiments.

Figure 5 illustrates an electronic device, in accordance with various embodiments.

Figure 6 tthatrates a computer system, in accordance with various embodiments.
Detailed Description

In embodiments, a User Equipment {UE) that supporis non-ancher carriers for
monitoring of paging may be provided. The UE may include transceivey circuitry to
receive paging configuration messages in a cellolar communications network, and paging
carrier selection circuitry, coupled to the transceiver cireuitry, to process the paging
configuration messages, where the message inclades information regarding: avaslable
carriers for monitoring paging in idle mode, and an anchor carrier indication including an
indication as to whether an anchor carrier should be selected.. The UE may select a carrier
on which to monitor paging in 1dle mode, based, af least in part, on the information.

The following detailed description refers to the accompanying drawings. The same
reference numbers may be used in different drawings to identify the same or similar
elements. In the following description, for purposes of explanation and not imitation,
specific details are set forth such as particnlar stnuctares, architectares, interfaces,
techiiques, ete, i order to provide a thorough understanding of the various aspects of
various embodiments. However, it will be apparent to those skilled in the art having the
beneflt of the present disclosure that the various aspects of the various embodiments may
be practiced in other examples that depart from these specific details. In certain instances,
descriptions of well-known devices, circuits, and methods are onsitted so as not to obscure
the description of the various embodiments with wmecessary detail,

Various operations may be described as multiple discrete actions or eperations in
torn, B @ manner that is most helpfol in understanding the claimed subject matter,
However, the order of description should not be construed as to imply that these
operations are necessarily order dependent. In particular, these operations may not be

performed 11t the order of presentation. Operations described may be performed in a
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different order than the described embodiment. Various additional operations may be
performed or deseribed operations may be omitted in additional embodiments.

For the purposes of the present disclosure, the phrases "A or B7 A andior B and
“A/B” mean (A}, (B), or (A and B),

The description may use the phrases "in av embodiment,” or "in embodiments,”
which may each refer to one or more of the same or different embodiments. Furthermore,
the terms "comprising,” "including.” "having,” and the like, as used with respect o
embodiments of the present disclosure, are synonymous.

As used heremn, including in the claims, the term "circuitey” may refer to, be part
of, or include an Application Specific Integrated Cirenit {ASIO), an elecironic circuit, a
processor {shared, dedicated, or group), andfor memory {shared, dedicated, or group) that
execute one or more software or firmware programs, a combinational logic oircuit, andfor
other suitable hardware components that provide the described functionality. In some
embodiments, the circoitry may be implemented in, or functions associated with the
circuitry may be mplemented by, one or more software or fiumware modules. In some
embodiments, circwtry may include logic, at feast partially operable in hardware.

As used herein, a reference to "Rel- 14 UEs” wclades UEs compatible with Release
14 or later releases.

As used herein, including the claims, a NB-loT carrier is referred to as an “anchor
carrier” if it carries Narrowband Primary and Secondary Svachronization Signals
{NPSS/NSSS), Narrowband Physical Broadeast Channel (NPBCH ), Narrowband System
Information Block Type 1 (SIB1-NB), and other Narrowband Svystem Information (S1)
messages (INB-81). Also the anchor carrier is the carner that a UE camps on during wdle
mode. Otherwise, a carrier is termed as a “nop-anchor carrier”

Figure 1 tllustrates an example network 100 that includes user equipment {UE)
105 and an evolved NodeB (eNB) 110, i accordance with various embodiments. In
embodiments, the network 100 may be a third generation partnership project (3GPP) Long
Term Evolution (LTE), LTE Advanced (LTE-A)} LTE-Unlicensed (LTE-U), fifth
genergtion (3G) network, gnd/or a new radio (NR) network, In other embodiments, the
network 100 may be some other type of wireless communication network.
may also be referred to as a multi-mode transcetver chip. The transceiver cireuitry 120
may be configured to transmit and receive signals using one or more protocols such as

LTE, LTE-A, LTE-U, 3G, and/or NR protocols. Specifically, the transceiver circutry 120
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may be coupled with one or more of @ plarality of antennas 160 of the UE 105 for
comnunicating wirelessly with other components of the network 100, e g, eNB 110 over
radio link 115, The antennas 180 may be powered by the transceiver circuitry 128, for
example, by a power amplifier, which may be a component of the transceiver circuitry 120
as shown in Figare 1, or separate from but coupled with the transceiver circuiiry 120 In
one embaodiment, the power amplifier may provide the power for all transmissions on the
105, The use of multiple antennas 160 may allow for the UE 105 1o use transmit diversity
technigues such as spatial orthogonal resource wansmit diversity (SORTD), multple-input
mudtiple-output {MIMO}, or full-dimension MIMO (FD-MIMO).

In certain embodiments the transceiver circuitey 120 may mchide transmit cirouitey
125 confignred o cause the antennas 160 to wansmit one or more signals from the UE
105, and receive circuttry 130 configured to process signals received by the antennas 160,
In some embodiments, the fransmit civouitry 125 and the receive circuitry 130 may be
implemented as a single conununication cireuttry. I other emnbodiments, the transmist
circiitry 125 and the receive civcuitry 130 may be implemented 1 separate chips or
modules, for example, one chip including the recetve circuitry 130 and another chip
including the transmit circultry 125, In some embodiments, the transmitted or received
signals may be cellular signals transmitted to or received from eNB 110 or network 100
In some embodinents, where muliiple cartiers are available fo the UE for paging, the
received signals may be paging configuration messages, which direct or offer choices to a
UE as to which carrier 10 use for paging, as described in detail below.

It 1s noted that paging configuration messages from the SIB are recewved by a
RadioResourceConfiguration (RRCY layer of a UE. Additionally, selection of a paging
carrier may also be performed by the RRC layer within the UE.  Thus, in some
embodiments, transceiver circuttry 120 nwy include or be coupled with paging carrier
selection circuitry 135 fo receive and process messages from eNBs and network 100,
These messages may include idle mode paging messages, physical Paging Chanos!
messages, RRC messapes, SystemInformarionBlockIvpel (SIBD
messages, Svsieminformation {81 messages, Narrowband Primary and Secondary
Synchronization Signals (NPSS/NSSS), Narrowband Physical Broadeast Channel
{NPBCH), Narrowband System Information Block Type 1 (SIB1-NB), and other
Narrowband System Information {$1) messages (NB-51). These messages mav further

mclude Physical Downlink Control Channel (PDCCH) messages, Physical Downlink
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Shared Channel (PDSCH) messages, Physical Uphink Shared Channel (PUSCH)
messages, or the like. 1n embodiments, the UE may be a Release-14 UE or other UE
capable of monitoring paging on non-anchor carriers. Thas, it may receive a list of carriers
available for paging from eNB 110 or network 100, The list may include an anchor carrier
and one or more non~anchor carriers. In embodiments, paging carrier selection circuitry
135 may process paging messages recetved by transcetver circutry 120, and may select a
garrier for monitoring paging from a set of available carviers based, at least in part, on
wformation m the paging messages. In some embodiments, the transcetver circuitry 120
and the paging carrier selection circuitry 135 mayv be provided in a single chip or apparatus
within UE 105,

Sumtlar to UE 105, eNB 118 may include transceiver circnitry 140, The transceiver
chreuitry 140 may be further conpled with one or more of a plurality of antennas 165 of the
eNB 118 for communicating wirelessly with other components of the network 100, eg.,
UE 108 gver radio link 115, The antennas 165 may be powered by a power amplifier, or
may be a separate component of the eNB 110, In one embodiment, the power amplifier
may provide the power for all transmissions on the antennas 165, In other embodiments,
there may be multiple power amplifiers on the eNB 110, The use of naultiple antennas 168
may allow for the oNB 110 to use transmit diversity techniques such as SORTD, MIMQO,
or FD-MIMO. in certain embodiments the transceiver circuitty 140 may contain both
transmit circuttry 143 configured to cause the antennas 163 to transmit one or more signals
frony the eNB 110, and receive circuttry 150 to process signals received by the antennas
165, In other embodinments, the transceiver circuitry 140 may be replaced by transmit
cucuitry 145 and recetve cirouitry 1530 which are separaie from one another (not shown).
In some embodiments, the eNB 110 may include messaging circmitry 155, to generate and
process messages to and from other eNBg, network 100 and UEs 105, mcluding paging
INESSALES.

In some embodiments, the electronic device of Figare 1 may be configured to
perform one or more processes, techaiques, andfor methods as desenbed herein, or
portions thereof.

Figure 2 lustrates an example network 200 that includes a phuality of eNBs,
accordance with various embodiments, For example, the network 200 may melude a
pharality of eNBs such as eNBs 210a, 210b, 210¢, and 218d. In embodiments; respective
eNBs 210a-d may be similar to eNB 110, The network 200 may also include a UE 2085,

which may be sinular to UE 1053, In embodiments, the UE 105 may be able to
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communicate with the eNBs 210a-d over radio links 215a, 2156, 215¢, 215d, which may
be similar o radio ok 115, {t will be understood that although network 200 15 shown to
have four eNBs, in embodiments network 200 may have greater or fewer eNBa.

In general, the support of MCO for NB-loT assumed the presence of a single
anchor carrier where multiple carviers are being configored for NB-IoT deployment.

However, in 3GPP Release-14 eN-BIQT, the scope of the Work Item {W1) allows
gommen control message transmissions, such as random gecess and paging, 1o also be
performed on a non~-anchor carrier.

As a result of this new option, it may be usefud to provide techniques as to when
and how a Release~14 UE may wtilize non-anchor carriers.

In embodiments, the main issues on selecting 8 carrier for monttoring paging are as
follows.

First, as noted above, in Release-13 UEs, idle mode paging is always performed on
the anchor carter. An eNB has to transmit the paging for Release~13 UL o the anchor
carrier. Thus, i a given network, at a given time, as long as there are significant numbers
of Release-13 UEs, a carvier that can be used as anchor will most Likely be more loaded
than a carrier that can only be used as non-anchor carrter,

Second, if the anchor and non-anchar carriers are all m-band, the situation is very
simitar to enhanced Machine Type Conununications {eMTC), where the non~-anchor
Physical Resource Blocks (PRBs) are equivalent to paging narrowband in eMTC {e.p., the
praging configuration, such as nB and Discontinuous Reception { DRX) eyele are the same
across the carriers). In the case that the non-anchor caniers are different from the anchor
Shared Channel/ Phiysical Dowanlink Control Channel (PRSCH/PDCCH} for guard-band
and in-band are different In fact, there may be up to 50%, e.g., 152 REs i guard-band
mode vs. 100 REs in in-band mode, assuming three symbols reserved for LTE PDOCH,
the presence of 4-port LTE CRS, and 2-port Narvowband Reference Signals (N-R8).
Mareover, different cariers may have different power boosting, and the maxiomn: amount
of repetitions required for paging may be different for different carriers. Az a result, the
paging configuration (Le., the number of repetitions for NFDCCH for paging, etc.} may be
different for each carrier.

Embodiments may generally relate to how the UE selects the carrier to monitor
paging when PDSCH for paging can be transnutied on a non-anchor carrier {suchasina

Release-14 - or higher - UE). Specifically, embodiments relate to how the UE may select
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among NB-IoT carriers {one anchor carner and one or more non-anchor Camists) ©
monitor paging, taking into consideration the above.

Paging, as noted above, 18 mostly a Radio Resource Control {RRC) procedute in
which a network will wake up an idle UE if there is some data for it The UE needs to be
awakened, for example, for nudtiple reasons such as downhink data, change of systemn
iformation, warnings {e.g., earthquake or Teanany warnings), or instractions to fall back
to lower access technologies hike Code Division Multiple Access (CDMA} T all these
cases the UE needs to be woken up if it has entered an RRC IDLE mode.

Thus, one of the important activities performed by a UE during RRC ldle mode s
listening to paging messages. The UE should histen to paging messages 1o learn abowt
nconming calls, system mformation changes, and ETWS {Earthquake and Tsunamu
Warning Service) notifications for ETWS-capable UEs,

In embodiments, the UE knows when to look for paging messages because it is

¢ eycle during an initial attach process as part of system

mwformed about the paging
information transmitted m, for example, a system information block type 2 {SIB2)

transmission. Onee it koows about the paging cycle, womay momentarily wake up during

£

the onset of the paging cycle, check if there are any paging messages for it and then refum

to sleep if there are none. I there are paging messages for the UE, it may then react by

triggermg an RRC connection request message.

It is noted that in eMTC, multiple narrowband resources {for example, 6 PRBs)
may be used o transmit paging. A UE will select one of the narrowband resources to
monitor for idle-mode paging based on & Paging Namrowband (PNB) calculation, as
follows:

PNB = floor(UE_ID/(N*Ns)) mod Nn,

where:

T: DRX cvcle of the UE;

nB: 4T, 27, T, T/2, T/, T/8. T8, 'T/32, T/64, T/128, and T/256:

Nomn(T By

Ns: max(1 aB/T);

Nu: number of paging narrowbands provided in system information;

UE 1D: Imternational Mobile Subscriber Identity (IMST mod 16384, if Paging

Radio Network Temporary Identifier (P-RNTI} is monttored on MTC Physical Downlink

Control Channel (MPDCCH); and
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uB mav be a cell-specific parameter that indicates a nomber of paging occasions or
ntervals in acell specific Discontinuous Reception {(DRX) cycle.

It is noted, however, that the above PNB calcunlation does not take into account the
following restrictions for NB-JoT:

A In Release-13, the idle mode paging is always performed on the anchor
carvier. The eNB bas fo transmit the paging for Rel-13 UR m the anchor cawvter. Thus, a
garrier that can be used as anchor will most hikely be more loaded than g carrier that can
oty be used as non-anchor carrier (due to all of the Rel-13 UEs in the network using the
former).

B. If the anchor and non-anchors are alt in-band, the sitvation may be very
simifar 1o eMTC where the non-anchor PRBs are equivalent to paging narrowband in
eMTC {e.g. the paging configurations such as nB and DRX ¢veles are the same across all
carsiers). However, in the case where the non-anchors are different from the anchor, e.g.,
a mixed deployment, the respective Resowce Flements (REs) of PDSCH/PDCCH for each
of guard-band and in-band are different, and different carriers can have differeat power
boosting. Moreover, the maxinuum amoeuant of repetitions required for paging may be
different for different carriers and, hence, the paging configaration {e.g . at least the nB
and DRX cyele) can glso be different for each camer,

Various enthodinents are next described to address the vestrictions for NB-JoT set

forth 1 (A} and (B) immediately above.

Support of Paging Transmissions in Multiple NB-lo¥ Carriers

As mentioned above, a Release-13 NB-loT UE will only monitor paging in the
anchor NB-IoT carrier {which is the carvier where the UE camps on i idle miode, reads
master information block (MIB) and SIB and monitors paging). With paging tansmission
also possible over a non-anchor carrier, a8 Release-14 NB-IoT UE has the choice of

selecting the carrier for monitoring paging.

1. Embadiment No. I {addresses issue A)

In embodiments, the uneven distribution due to Release~13 UEs always using the
anchor carrier may be addressed as follows, To address issue A described above, an eNB
should be able to indicate {0 a Release~14 UE whether 1t is possible to take into
conswderation the anchor carrier in the selection of a carrier for paging. In embodiments,

this mdication may be sent on the SIB, as it may only be useful for idle mode UE. For
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example, SIB2, which contams the common chamnel configuration, may, in embodiments,
be the SIB to contain such an indication. 1o embodiments, in terms of SIB2 signaling,
such an indication may be added as an extension in the extension marker, as shown i the

example Abstract Syntax Notation {ASN. 1) code provided below (added content i bold

and slightly enlarged text):

trodlommens ol 3 Ul inkPoventiontnolitamon~ ol
=2
{ ipcoh-~Config-wldex BOOB~Config-NB~vidxx OPTIONAL  ~=
Haad OP
i1

o

RS
afdthY,

LHRGEHT,

nprdainhrRinmbe PrienPasgiagerl

POCH~ConElg-NR~videx o= SEQUENCE {

w6 Ald#ic Bxplicit indination whether Anchor carrier should be selected by
Rel-14
UR for monitoring of paging

considerAnchorCarrierForPaging BOOLEAN,
listOfNonAnchorCarriersForPaging ListOfNonAnchorCarriersForPaging

*% Alt#2: Implicit indication whether Anchor carrier should be selected by
Rel-14
UE for monitoring of paging
listOfCarriersForPaging ListOfCarriersForPaging
*% A1t#3: Indication on the proportion of Rel-14 UEs that should consider

Anchor
carrier for paging

- 13-
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proportionAnchorCarrierForPaging ENUMERATED: $1, 2, 4, B, 18,
infinity},
listOfNonAnchorCarriersForPaging ListOiNonAnchorCarriersForfaging

As shown in the example ASN1 code provided above, in embodiments, there may

be three alternatives for such an added idication;

Alternative No. 1t

In embodiments, an explicit indication may be made to a UE as to whether the
anchor carvier shonld be assumed by Rel-14 UEs g5 one of the candidate carriers for
monitoring paging. In this alternative, the cell may explicitly indicate whether the Rel-14
UEs {and, as noted above, future UEs having even higher release numbers) can select the
anchor carrier for paging. If the indication s “FRUE,” the UE may iclude the anchor

carrier as one of the carters (ncluding the mdicated list of non-anchor cartiers for paging)

that may be selected for monitoring paging. If the indication s “FALSE” the UE will only

select from the indicated hst of non-anchor cartiers for monitoring of paging.

Alternative No. 2:

In a second alternative, there may be an implicit indication whether the anchor
carvier should be assumed by Rel-14 UEs as a possible candidate carrier for monitoring
paging. Inthis alternative, the cell may imphicitly indicate the anchor carrier in the listof
possible carriers for paging. The UE may then use the Hst for selecting the carrier for

monttering of paging, as described below in Embodiment No. 2.

Alternative Neo. 3:
In a third alternative, there may be an indication as to the proportion of Rel-14 U¥Es

that should consider the anchor carsier for monttoring paging. In embodiments, this value

may be provided in g vaciable “proportiondachorCarvierFarPaging, " as shown above,

which may have values such as {1,2. 4, 8. 16, infinity}. Based on the enumerated value of
this vartable, the following caleulation may be mmade by a Relo 14 UL, based on the value
of the Uk's Ix:

- 11~
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W{UE 1D mod propertiondnchorCorvierForPaging) = O, the Rel-14 UE with the
UE D should include the anchor carrier into the Dist of carriers for selection for paging
monitoring.

¥ propartiondnchorCarvierForPaging =1, all or 100% of the Rel-14 UEs will
cousider the auchor carrier for paging monitoring.

I proportiondachorCarrierforPoging =2, 30% of the Rel-14 UEs will consider
the anchor carnigr for paging montoring.

If proportiondnchorCarrierForPagig =16, 6.25% of the Rel-14 UEs wall
consider the anchor carrier for paging monitoring.

If proportiondnchorCarrierForPaging =lnfinity, it would mean No Rel-14 UEs
will consider the anchor carrier for paging monitoring,

It is noted that, in embodiments, infegers that are not powers of two may also be
used as vatues of properriondnchorCarricrForPaging, and may thus deternine other
proportions of the Rel-14 UEs that should consider the anchor carvier. In embodiments,
ouce a UE koows that an anchor cartier shonld be considered, t may then deaide which

pagmg carrier to vse as described wm detatl below,

Alternative No, 4:

In embodiments, 0 & Hourth alternative, a flag indication may be added when
sending to the UE the infonmation reparding each carrier {whether anchor or not) to
indicate whether or not it is possible to use that specific carnier for paging. For example, &
ListOfCarriersForPaging (as shown m Alternative 2, 1n the example ASN.1 code provided
above) may be built, includimg all carciers, and a flag may indicate whether each carrier is
sustable for paging or for other operations that are suitable for MCO (as explained in the
two notes below).  This fourth alternative ix actually a vaniant of Alternatives 1 and 2,
becanse the UE is told whether or not a given non-anchor carvier may be used.

in an alternative embodiment, this information may be defined as part of a bitmap,

as opposed to as part of the information for each carrier in the carrier Hist,

Alternative No. 5:
Inembodiments, in a fifth alternative, paging may be distributed amongst the
paging carniers {including both anchor and non-anchor carriers for paging) with a different

percentage of UEs assigned to each carrier. Assaming that the UEs are assigned wmformly
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across the International Mobile Subscriber Identities (IMSD, 1 embodiments, a formula

for the NB-loT Paging Carrier {NB-PC} can be defined as:

NB-PC 1z the smallest number satisfying the following equation;

UE_ID < masimwm namber of UE IDSWD + W12 + .+ WNB-PC)H,

where NB-PC is the range of integers 1. Nn, Nu s a sumber of paging carriers
provided in the system information, and B is weighted distribution factor of N paging

carviers, where (WY1} + W2} + L+ (NR}) = 100%.

In embodiments, this may ensure that a different perceniage of the UEs are
asstuned to sach cartier based on the weighting configured for the carvier for paging.

It is noted that the maxinnen namber of UE 1D, for example, may be: for MTC (or
i P-RNTY {8 monitored on MPDOCH), maxionm number of UE_{D = 16384, and for NB-
10T {or if P-RNTY is momitored on Narrowband Physical Downlink Control Channel
{NPRCCH), the maximum pamber of UE D= 4096,

In embodiments, the granulsrity of the weighting factor may be derived based on
the maxionun nunber of paging carviers. In eMTC, the maximum number of paging
narrowband may be 16, In embodiments, this may also be used as a possible value for the
NB-IoT. Thus, in such embodiments, the welaht granularity may be 1/16 = 00625 or
6.25%. Thus, in embodiments, the range of the weight (F) for a paging carrier {say ) may

be in increments of 1/16th, as follows:

Wi = ENUMERATED {6.25%, 12.50%, 18.75%, ...., 100%)}

It 3s noted that the reason for different weightings arnongst the various avatlable
carrters s that each of the paging carriers {anchor or non~-anchor) may not be the same. As
noted above, if the anchor and non-anchor carriers ave all in-band, the situation is very
stimilar fo enhanced Machine Type Communications (eMTC), where the non-anchor
Physical Resource Blocks (PRBs) are equivalent to paging narrowband in eMTC (e g, the
paging configuration, such as nB and DHscontinuous Reception {DRX) cycle are the same
across the carriers). In the case that the non-anchor carriers ave different from the anchor

carrier {e.g., a mixed deployment), and the Resource Elements (REs) of Physical
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Downlink Shared Channel! Physical Downlink Control Channel (PDSCH/PDCCH) for

g, 152 REs in

P

guard-band and in-band are different. In fact, there may be up to 50%, e
guard-band mode vs. 100 REs in invband mode, assumung three symbols reserved for LTE
PDCCH, the presence of doport LTE CRS, and 2-port Narrowband Reference Signals {N-
RS Moveover, different carriers may have different power boosting, and the maxinnum
amount of repetitions required for paging may be different for different carriers. Asa
result, n emnbodiments, each carrier may be unequal to the other available carriers, and
may be loaded differently.

In embodiments, an example modified ASM.1 message divecting this weight range
may be as follows (additional langunage provided in bold), sent from the network to the

UE:

RadioResourceConfigCommonSIB-NR information element

e AUNLATARY

QEFTTONAL,

U bk Prawsee oot rot Quemone-NE- w3y

WERALE TEEULE-NR IR ED DEEIY ——
'CCH-Config-NB-vldxx OPTIONAL -
PUCH-Conflg-RWR-vidxx o= SEQUENCE {
roch-Canfiglanincharfdsrierliist-r1ld SEQUENCE (8IZ8 {1.. maxWoninchorPagingCarrisrs-

MB~-rl4d}} OF POIBE~Configilonanchorlarrier-NB~rid
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weightPagingCarrierList-ri4 SEQURNKCE (3IZE (1.. max¥oninchorPagingCarriers-
NB-r14+1)) OF PagingCarrierWeightFactor-NB-ri# DPTIONAL, == need OR

H
POCH~Configionfnohor@arsier-NR~rid4 1= BRGFENCE
dl-Carrierindax INTHEGER (1. . maxDL~NondAnchorlarriers~NB-ridl,
npdoch-~RonRepe titicnPrgingNonkuchorCarvier~xid EHUMBRATED {
¥, ©2, r4, 8, rig, £33, r&4, iR, 288,
r512, r1024, r2048, spare4, spare3, spare2,
sparal} OPTIONAL, -- need OP
¥

PagingCarrierfeightiactor-NR~rid: 1= ENUMERATED{6dot25, 12dot5, 18dot75, ..., 100}
-— ASN1STOP
It 13 noted that the fields used i the example modification to ASN.1 message

presented above of npdech-NumBRepetitionPagingMNonAnchorCarmier-ri4, and

weightPagingCarrierList-r14, have the followmg meanings, as set forth in TR36.331:

npdech-NumRepelitivnPagingNonAncharCarvier
Maximum number of repstitions for NPRCCH sommon search space {(CSS) for paging in non-anchor
carrier, see T8 36,213 [23, 16.8]. if it is not present, the maximum number of repetitions for NPDCCH

]

LA

Tad
L

“weightPagingCarrierlist
Contains the paging distribution weight for each paging carrier. The first element corresponds to the
paging distribution weight for the anchor carrier, the second element corresponds to the first non-

Generalize to MCO Operations

It is noted that the various aliernatives described above may also be generalized
refer to any kind of MCO operation, and not only for paging. For example, in
embodiments, the indications may refer to which carrier to use for pagmg, Random Access
Channel (RACH), 51 broadeast andfor multicast. In addition, the provided carrier
formation may also be used by a conpected mode UE, not being restricted to a UE in
idle mode.

For example, upon establishing the connection, 2 UE shall have a valid record of
the 51, therefore UE's dedicated signaling could be reduced taking advantage of the
information of the other carriers being broadeast. Different options could include, e g, (1)
upon establishing the connection or during reconfiguration certam signaling (such as
wdex) can be used to indicate which of the 8! broadeasted carrier mformation should be
used by the UE; (2) if more than one carnier could be used while the UE s connected
{zsimilar to eMTC, the NB-loT connected Uls can hop across different NB-{oT

frequencies), this mformation could be indicated in relation to the broadeasted carrier

'
o
I
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information, Alternatively, futher information can also be added or changed via the
dedicated signaling, e.g., for the configuration of the USS NPDCCH.

Rel-13 NB-ToT UEs do not receive any broadcast information while connected,
more over if it were to be received, it can only do so on the anchor carrier. Therefore,
allowing the eNB 1o send this kind of information on the non-anchor carviers may allow
the UE to potentially receive the information (i1t were defined this wav). Moreover,
gonnected mode UEs might be confipured to decode speeific 51 sent on a specitic carrier.
For example, there nuight be only mininal S1 information that is needed while the UE is
connected, such as, Commercial Mobile Alert System/Earthquake and Tsunan Waning
System (CMASETWS) (if defined on NB-JoT).

Thus, the main SI nway still be on the anchor but some specific Slorelated
information may be scheduled on all or some of the non-gnchor carriers for connected
mode UKs or any UE monitoring that carrier. This may be scheduled, for example, based
on the SIBL-NB sent in the anchor carrier {even when it is sent in the non~-anchor carrier).

1t is further noted that term “MCO” also refers to the fact that different carriers
may be used. This may referto a UE being {re)configured to a specific different carnier, ag
well as there beng defined frequency hopping (FH) for use across multiple carriers. The
embodiments described hereinabove may be applicable to both cases.

Figure 3 illustrates an overview of an operational flow of a process 300 for
determining whether to consider an anchor carsier for monitoring paging in accordance
with various embodiments.

As illustrated, process 300 may include operations performed at blocks 310-370.
The operations may be performed, e.g., by the varous elements of apparatus 120 carlier
describad with veference to Figure 1. For example, i esabodiments, the operations may be
performed by transceiver cireuitry 120 and paging selection circuitry 135, Process 300
may begm at block 310, where the UE recetves an instruction regarding paging froma
network. The mstruction veceived by the UE may be sent by an eNB. At query block 320,
it may be determined if the instruction regarding paging recetved at block 310 has an
gxplicit indication 1o select an anchor carrier. If Yes, then process 300 may move to block
330, where the UE may include the explicitiv-indicated anchor carrier in its selection pool,
and process 300 may terminate. It is here noted that, as in the case of block 330,
general the resalts of process 300 are whether or not the UE includes an anchor carier in
its selection pool, and not which carrier # may select from that pool. The actual process

used by the UE to select amongst the vartous members of its selection pool is described
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below, in connection with Embodiment 2, and Fig 4.

Continuing with reference to Figure 3, if No at query block 320, then process 300
may move to query block 340, where 1t may be determined whether an implicit indication
to select an anchor earrier was included in the message regarding paging of block 310,
This may take the form of the cell implicitly indicating the anchor carrier in the lst of
possible carriers for paging, as described above v Alternative 2. If Yes at query block
340, then process 300 mgy move to block 330, as described above. If No, however, at
query block 340, and thus neither of Alternative 1 or Alternative 2 is the case, then process
300 may proceed to block 330, for a third query. At block 350 it may be determined
whether the instruction regarding paging Wcludes an indication of a proportional
allocation of UEs 1o an anchor carrier, or whether consideration of an anchor carrier for
paging by a certamn proporiion {g.g., fraction) of UEs was mdicated. In both cases (either
allocation or consideration within a selection pool) the selection may be a function of the
UE's 113, as in Alternatives 3 and 5, described above,

H Yes at query block 380, then process 300 may move to query block 360, At
block 360 it may be deternuned whether the UE ID indicates that the UE s in the
allocation/consideration proportion, Thus, the UE may determine, based on its 1D, whether
it 1s allocated to use the anchor carrier or whether the UE should consider monitoring the
anchor carrier for paging messages. If Yes at query block 360, then process 300 may
move to block 330, as described above, and process 300 may then terminate. If Np,
however, at query block 364, then process 300 may proceed to block 370, where process

300 may exclude the anchor carrier from the selection pool.

H. Emboediment No. 2 (addresses issue B)

As noted above, a second issue, besides that of whether to consider a non-anchor
carrier for paging, i3 which carrier to choose once a set of possible carriers has been
received. In embodiments, as regards a UE selecting which carrier to use for mouttoring
paging, fwo cases are considered. In a first case, Case 1, only one paging configuration is
needed for both the anchor and the non-anchor carriers, as they use the same paging
configuration. In a second case, Case 2, the paging configuration of the non-anchor

carriers may be different than that of the anchor carrier.

Case 1

- 17 -



[

10

20

Lk
L0

WO 2018/031141 PCT/US2017/040018

I embodiments, for Case 1, legacy signaling on the Paging Control Channel
(PCCH) configuration may be sufficient. Thus, in embodiments, it 18 only pecessary to
send the anchor carrier information ina PCCH configuration message, as all camiers
{including the non-anchor carriersy will use the same PCCH configuration. Such a PCCH

message may be as follows:

e REIEN
I GRVPI G 6 R R

SR SNeas E s
T Srsaianhy

AN
one?256thT, oneS51Z2thT,

onel(24thT,
spare?, sparel},
ngcdseh-NumPaget rtiosBegivg - 13

In this case, the legacy calculation for Paging Frame (PF} and Paging Oceasion
(PO}, as provided above, may be used.

The calculation used by an eMTC UE to determine which carrier to select may, in
entbodiments, be rensed to consider the list of carriers for NB-loT paging. Thishstof
potential carriers may or may not include the anchor carrier depending on which

alternative of Embodiment 1 15 inplemented, as described above,

One Narrowband Paging Carrier (NB-PC) nyay be one narrowband resource on
which the UE may perform the paging message reception. In emnbodiments, NB-PC may
thus determine the index of ListQfNondnchorCarriersforPaging or
ListiCarriersForPaging. In embodiments, if P-RNTI is monitored on the Narrowband
Physical Downlink Control Channel (NPDCCH), and if the UE supports Narrow Band
Packet Normal Bursts (NB-PNB) over & non-anchor carrier {g.g., the UE is a Rel-14

NBIOT UE), the NB-PNB may then be determined by the following equation:
PNB = floor{UE_ID/(N*Ns)) mod Nn,

where:
Na s the maxinum number of carviers configured for the cell;

N 1s the munbey of paging frames: and
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Ns s the number of paging occasions g paging frame for paging monitoring
{which includes fotal number of non-anchor carriers for paging but may or may not
mchude the anchor carrier, as deseribed above in Embodiment No. 1),

In embodiments, the UE_ID may be changed to take into consideration the
maximum PF, PO and also the PNB, as follows:

IMSIE mod 4096, if P-RNTI is monitored on NPDCCH but UE does not
support PNB ever non-anchor carrier; or
IMST mod (4096% maximum number of NB-PC configurable), it P-RNTl is

In embodiments, the RRU signaling (ListOfNendnchorCarviersForPaging or
ListQfCarriersFrrPaging) for each of the carriers in SIB2 message for Paging may be as

follows (only the downlink (DL configuration of the carrier being needed for paging):

CE |
SEQUENCE |
INTEGER (-55

v rdmand

LR ahand

Case 2:

As noted above, in a second case the paging configuration of the non-anchor
carriers may be different than that of the anchor carrier. As a result, in such a situation, the
following PCCH configuration may need to be included for each carrter. There are two

possibilities, next deseribed:
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{1} One possibility for the Case 2 sttuation is that defauliPagingCycle and nB are
different as regards handhing the different NPDCCH and Narrowband Physical Downlink
Shared Channel (NPDSCH) repetitions for pagiog. It s here recalled that nB s a cell
specific parameter that indicates the number of paging occasions or mtervals i a cell
specific Discontinnous Reception {DRX) eyvcle. Configuration of the nB value depends on
paging capacity desired in a cell. The larger the value of uB, the larger the paging

gapacity. Likewise, the smialler the paging capacity, the smaller the value of nB.

et RhT
oneSthT,
AERA,

wel PALRY;

ZAihE,

- Yoavaatu . P S T IR SF TSSO S
ab-RowRepabivlonfaglog-ol 3

In embodiments, in order to reduce the amountt of signaling (PCCH confipuration
for gach carrier), the following technigues may be used:

Allow PCCH configuration of the non-anchor castier to be the same as the Anchor

Carrier

Di-CarrierConfig-NR-r13 QFTICNAL,

«Fig-NB-r13

The PCCH configaration may be pant of the field i the hst of carners for

monitoring paging and instead of providing the full PCCH configuration, the

YOO omaxlaovieePoriagingy) GF

fLogMfsrld

It is here noted that the indication of the PCCH configuration may also be

mmplicitly undersiood that the specific carvier is used for MCQO with paging.
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Again, it s noted that in this case, the same legacy formulation as Cage | for PF
and PO may be used and the PCCH configuration used for the calculation will be based on
the carrier selected. As regards determination of a carnier, in embodiments, the formulation
may be the same as Case | but it may use the POCH configuration of the carnier that
provides the maximum N¥Ns. The PE, PO and PNB calculation may be as Pollows:

NB-PC caleulation: NB-PC=floor {UE_TDVmax{N*Nsi)imod No

PF calculation: SEN mod Tapres (Trere div Napeo P (UE D mod Nxgeo)

PO caleulation: 1_s = floor{UE_1D{MNware) mod Nsssee
where the index 1 is the indexing of the carrier in the list of carnier for paging monitoring
angd N and Nsg are calculated based on the paging configuration (nB and DRX cyele} of
the carrier index i, max{N;¥Nsy is the maximam of the product of N and Ns gmong the
carriers that are configuwred for paging monitoring and Na is the number of NB-loT

carviers configered for paging monitoring in the cell.

In embodiments, ouce the carvier index NB-PC is determined, the PF and PO
calculation may be based on the PCUH configuration of the carrier index NB-PC {e.g. Trn.

re, tByure which derived Muspe and Nssarc)

Another formulation for the NB-PC calculation may take into consideration
different deployments, which may result in some carriers having more REs available and
One example of such formulation may be as follows:

NB-PC = floor ((UE_ID + HSFN)/max_{i} (Ni*Ns_i)) mod Na.

{1} Another possible scenario for Case 2 15 that the defaultPagmgCycle and nB are
the same across the carriers for paging monitoring, and only the apdech-
NumRepetitionPaging are different.

In this scenario, in embodiments, the PCCH configuration may be the same
between different NB-1oT carriers for paging, with the sole exception of the maxinum
number of repetitions of NPDCCH in NPDCCH CSS8-Typel.

Accordingly, in this embodiment, only the value of npdech-NumBepetitionPaging
may be different scross paging camiers, and the eNodeB may be expected to configure an

appropriate commion value for nB and defauvltPagingCycle for all carriers - most bikely
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based on the carrier reguiring maximum number of repetitions duoe to fewer avatlable REs
per subframe, lack of power boosting, et

In embodiments, this may simplify the schedoling considerations at the eNodeB as
it would not need to account for different paging durations any cycles across carriers.

I embodiments, this may enable the eNB to optimize the maximuom number of
repetitions 8 UE neads to consider for momstor of paging Dowalink Control Information
{DCH i Typel-CSS for NPDCCH, thereby optimizing UE power consumption.
Considering the most typical case wherem there are no paging DCIs being transmitted, the
UE can benefit from a reduction in the maximum number of repetitions for NPDCCH
candidates in the search space.

In this case, in embodiments, the NB-PC, PF and PO caloulations miay be the same
as those used for Case 1, as described above.

Figure 4 tHustrates an overview of the operational flow of a process 400 for
sending, by the network {e.g., by an eNB), paging configuration information to the UE in
accordance with various embodiments.

As Hustrated, process 400 may include operations performed at blocks 410470
The operations may be performed e g, by the vartous elements of apparatus 140 earbier
deseribed with reference to Figure 1. Process 400 may begin at query block 410, where
the eNB, i preparing to send configuration information to a Release-14 UE (which it
knows is a Release-14 UE given the UERadioPaginglnformation-NE message it
received, as described below), determines if the PCUH configuration for non-anchor
carviers is the same as for anchor carriers. If Yes, this is the shuation of Case 1 of
Embodunent 2, and then process 400 may move to block 430, At block 430 the eNB may

send only the PCCH configuration for the anchor carvier. The UE may thersby understand

that, given a lst of carriers and receipt of only one PCCH configuration, the

configurations are the same across all camniers. Process 400 may then termunate at block
430

If, however, it was No at query block 410, then process 400 may move to query
block 420, where it may be determined whether the PCCH paging parameters nB and
defaultPagingCycle are different between the anchor carrier and some or even all of the
non-anchor carriers. If Yes at query block 420, this is the situation of Case 2 of
Embodiment 2, as described above, and then process 400 may move o query block 440,
where it may be determined whether the PCCH paging parameters nB and

defaultPagmgCycle are different across all of the non-anchor carriers as well. If Yes, then
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process 400 may move to blogk 448, where it may send both the values of 0B and
defaultPagingCyele for each carrier to the UE, and process 400 may terminate at block
445 I however, a No ig returned at query block 440, then process 400 may move 1o block
470, where it pay send an abbweviated set of configuration data, as follows. At block 478
process 400 may send to the UE, for each non-anchor carrier, an indication as to whether it
has the same configuration as {1} the anchor carrier {recall at query block 420 there may be
some matching between some non-anchor carnigrs and the anchor carrier), or (it} another
now-anchor carrier. Process 400 may then terminate at block 476

Returning now to quary block 420, if No is returned, then this may be the situation
of Case 2 of Embodiment 2 where defauliPagingCyele and nB are the same across
carviers, but apdech-NumBRepetitionPaging 1s difterent. Process 400 may thus move to
guery block 450 to determine if that is the case. If Yes, then process 400 may move to
block 460, where the eNB may be expected to optimize the maximum number of
repetitions the UE needs to consider, thereby optunizing UE power consumption, as
described above. Process 400 may termimate at 460, It is heve noted that there is no “Nog”
option at query block 450, inasmwuch as if POCCH configuration parameters nB and
defaultPagingCycle are the same, and npdech-NumBRepetitionPaging ave not different, this

1s the situation of block 418, described above.

Advise eNB I A Release-14 Type UE

In emhodiments, a UE may advise a network that the UE i3 capable of monitoring
paging on a non-anchor carvier. In order for the eNB 1o know whether the UE is a Rel-13
or Rel-14 NBIOT UE, either (1) the UE category (if different between Rel-13 and Rel-14)
oy {11} the radio paging capability of a UE may be provided transparently m a
U RadioPaginglnformation-NE message 1o the MME to be provided to the eNB in §i

paging when paging the UE. In embodiments, this may be as follows:

UERadioPaginginformation-NB message

—-— ASN1ISTART

VR Ry R R R,

aritivelixtsrsidreiaiuiy SEQUENCE {}
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CTONTAINING (R~RadiaPagingUn foaNis

s CRATNRTT TG
poa )'\i)k‘\.k- ,\.\}:'

UE-RadioPaginglifo-NB

paging.

UE-RadioPaginglnfo-NB information element
o BUNYRPARY

{

Y i DPTIOEAL,

Whfe

L6t

JENIEN
r% - aoproach#l: New UE category for Rel-14 NBIO® U

{{ ve~Category-NB~ri4 ENUMARATRED {nb3} OPPIONAL

1}

4 Apreroach#?: Whether the UE suppports paging reception on non-anchor carrier
{{ SuppertOiNonhnchorPaging ENUMERATED {TRUE} OPTIONAL

11

e EOTEEY TN
~e REH AT

Upon receiving a ST paging with the container UERadioPaginginformation-NB
message, the eNB may then determine whether it 1s paging & Rel-13 NBIOT UE or a Rel-
14 NBIOT UE,

In embodiments, the MCO operation for paging may be defined as a Rel-14 UE
radio capability that may either be mandatory or optional for any UE. Thus, this new

Embodiments described herein may be implemented mito a system using any
suitably configured hardware andfor software. Figure § dlustrates, for one embodiment,
example components of an electronic device 500, Tn embodiments, the electronic devige
500 may be implemented, be incorporated into, or otherwise be a part of a user equipment
{UE}, an evolved NodeB {eNB), andéor some other electronic device. In some
embodiments, the elecironic device 500 may include application circnitry 502, baseband
circuitry 504, Radio Frequency (RF) cirenitry 506, front-end module (FEM) circuitry 308

and one or more antennas 510, coupled together at least as shown, In ervbodiments where
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the electronic device S00 15 implemented 1 or by an eNB 210, the electronic device 500
may also include network interface circuttry (not shown} for cotnmunicating over a wived
wterface {Yor example, an X2 interface, an 81 interface, and the like).

‘The application circuitry 502 may include one or more application processors. For
example, the application circuitty 302 may include circuitry such as, but not limited to,
one or more single-core or mudii-core processors 302a. The processor(s) S02a may inclade
any combination of gengral-purpose processors and dedicated processors (2., graphics
processors, application processors, ete.). The processors 502a may be coupled with andior
may include computer-readable media 302b {also referved to as “CRM 502b7, “memory
502b7, “storage 30207, or “memoryistorage S02b7 and may be configured to execute
mstructions stored in the CRM 502b to enable various applications andfor operating
sysiems to ran on the system. Application circuitry S02 may, in emnbodiments, may
receive paging configuration messages from the network or the eNB, and may also make
the choice as to which carvier to nse for monitoring paging. Thus, in some embodiments,
application circuitry 302 may include transceiver circuliry to receive paging configuration
messages, and paging carnier selection circuitry, coupled to the transceiver cirenitry, {o
process the paging configuration messages and select a paging carrier, based at least
part on the information comtained i the paging configuration messages. In embodiments,
paging carrier selection circuiiry may process paging messages received by fransceiver
circuniry, and may select a carrier for mondtoring paging from a set of available carriers
based, at least in part, on information in the paging messages.

The baseband circuitry 504 may inchude circuitry such as, but not lmited to, one or
miore single-core or mulii-core processors, The baseband circuitry 504 may include one or
more baseband processors and/or contrel logic to process baseband signals received from
a receive signal path of the RF circuttry 506 and to generate baseband signals fora
transiug signal path of the RF circuitry 506, Baseband circuity 5304 may mierface with the
apphication circuitry 502 for generation and processing of the baseband signals and for
baseband circuitry 504 may include a second generation (20) baseband processor S04q,
third generation (3G) baseband processor 504b, fourth gensration {(4G) baseband processor
S04¢, and/or other baseband processor(s) 5044 for other existing penerations, gensrations
in development or to be developed in the future (e.g., fifth generation {3G), 60, ete.). The
baseband circuitry 504 {e.g., one or more of baseband processors S04a-d) may handle

various radio control functions that enable communication with one or more radio
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networks via the RF circuttry 306, The radio control functions may include, but are not
limited to, signal modulation/demodulation, encoding/decading, radio frequency shifting,
and the ke, In some embodiments, modulation/demodulation circuitry of the baseband
circuitey 504 may include Fast-Fourier Transform (FFT), precoding, and/or constellation
mapping/demapping functionality. In some embodiments, encoding/decoding circuitry of
the baseband circaitry S04 may wiclade convolution, tatl-biting convolution, twbo,
Viterbi, andfor Low Density Parity Check (LDPC) encoder/decoder functionality.
Embodunents of modudation/demodulation and encoder/decoder functionality are not
timited to these examples and may inclade other suitable functionality in other
embodiments.

In some embodiments, the baseband circuitry 304 may include slements of a
protocol stack such as, for example, elements of an evolved yniversal terresirial radio
access network (E-UTRAN) protoco! meluding, for example, physical (PHY), media
access control {MACY, radio link control (RLC), packet data convergence protocel
(PDCP), andfor radio resource control (RRC) slements. A central processing unit ({CPU)
504e of the baseband circottry 504 may be configured to run elements of the protocol
stack for signaling of the PHY, MAC, RLC, PDCP andfor RRC layers. In some
embodiments, the bascband circuitry may include one or more audio digital signal
procassor(s) (DSP) 304{ The audio DSP(x) S04f may mclude elements for
compression/decompression and echo cancellation and may inclade other suitable
processing elements in other embodiments. The baseband cireufiry 504 may further
mnchude computer-readable media 504b (also referred to as “CRM 30407, “memory 504b7,
“storage 504b”, or “CRM §042b73. The CRM S504¢ may be used to load and store data
and/or instructions for operations performed by the processors of the baseband Circuitry
504, CRM 304g for one embodiment may include any combination of suitable volatile
memory and/or non-volatile memory. The CRM 34g may include any combination of
various levels of memory/storage incloding, but not linvted to, read-only memory (ROM)
having embedded software instructions {e.g, firmware), random access memory {e.g.,
dynamic random access memory {DRAM)Y), cache, buffers, ete ). The CRM 504g may be
shared among the various processors or dedicated to particular processors. Components of
the baseband circuitty 504 mav be sutably combined in a simgle chip, a single chipset, or
disposed on a same cirenit board in some embodiments. In some embodiments, some or all
of the constituent components of the baseband circuitry 504 and the application circuitry

502 may be mmplemented together, such as, for example, on a system on a chip (SOC).
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In some embodiments, the baseband circuitey 304 may provide for conuunication

compatible with one or more radio technologies. For example, in some embodiments, the
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baseband circuitry 504 may support communication with an E-UTRAN and/or other
wireless metropolitan area networks {(WMAN}, a wireless local area network (WLAN}, a
wireless personal area petwork (WPRANY Embodiments in which the baseband circainy
504 is configured to support radio commumications of more than ong wireless protocol
may be referred to as muhlii-mode baseband circuitry.

RF circuitry 506 may enable comnuumication with wireless networks using
modulated electromagnetic radiation through a non-solid medivm. In various
embodiments, the RF civcutivy 306 may include switches, filters, amplifiers, sic., to
tacilitate the communication with the wireless network. R¥ cironitry 506 may include a
receive signal path that may melude cirenttry to down-convert RF signals recetved from
the FEM circuitry 508 and provide baseband signals to the baseband cireuttry 504, RF
circnitry 306 may also inchude a transnst signal path that may nclade circnitry to up-
convert baseband signals provided by the baseband circuitty 504 and provide RF output
signials to the FEM civcuitry S08 for transmission.

In some embodiments, the RF circnitry 306 may include a recetve signal path and a
transmit signal path. The recetve signal path of the RF circutiry 506 may include mixer
circuitry 306a, amphfier circuitry S06b and filter circuitty 806¢. The transnut signal path
of the RF circuttry 506 may include filter circnitry 506¢ and mixer circuitry 506a. RF
cirewitry 506 may also include synthesizer eivcuitry 5064 for syathesizing a frequency for
use by the mixer circuitey 5063 of the receive signal path and the transmit sigoal path. In
some embodiments, the mixer circuitry 306a of the receive signal path may be configured
te down-convert RE signals recetvaed from the FEM cirowitry 508 based on the synthesized
frequency provided by synthestzer circutivy 506d. The amplifier circuitry S06h may be
configured o amplify the down-converted signals and the filter circuitry 506¢ may be a
fow-pass filter (LPF} or band-pass filter (BPEF) configured o remove unwanted signals
from the down-converted signals to generate putput baseband signals. Output baseband
signals may be provided to the baseband eircuitry 504 for further processing. In some
embodiments, the output baseband signals may be zero-frequency baseband signals,
althongh this is not & requirement. In some embodiments, nuxer circuttry S06a of the
receive signal path may comprise passive mixers, although the scope of the embodiments

is not hmited m this respect.
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 some ernbodinents, the muxer circwitry 5068 of the transmt signal path may be
configured to up-convert input baseband signals based on the synthesized frequency
provided by the synthesizer circaitry 306d to generate RF ouvtput signals for the FEM
circuitry S0&. The baseband signals may be provided by the baseband circuitry 304 and
may be filtered by filter circuitry 306c. The filter circuitry 506¢ may inchude a low-pass
filter (LPF), although the scope of the embodiments s not limited in this respect.

In some embodiments, the mixer cirouitry 306a of the receive signal path gad the
mixer civcuitry 506a of the transmit signal path may include two or more mixers and may
be arranged for quadrature downconversion andfor upeonversion, respectively. In some
embodiments, the muxer cireattry 306a of the receive signal path and the mixer circuitry
5064 of the transmit signal path may include two or more nuxers and may be arranged for
tmage rejection {e.g., Hartley image rejection). In some embodiments, the mixer cireuitry
506a of the recerve stgnal path and the mixer circuitry 506z of the transnst signal path
may be arranged for direct downconversion and/or direct upconversion, respectively. In
sorne embodiments; the mixer circuitry 506a of the receive signal path and the mixer
circititry 506a of the transmut 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 embodunents s pot Hmited in
this respect. In some slternate embodiments, the output baseband signals and the input
baseband signals may be digital baseband signals. In these alternate embodiments, the RF
circuity 506 may include analog-to-digital converter (ADC) and digital-to-analog
converter {DAC) circnttry and the baseband circwiry 504 may include a digital baseband
iterface to conwnunicate with the RE circustry 506,

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 is not
fimited in this respect.

tn some embodiments, the synthesizer circuitry 506d may be a fractional-N
synthesizer or a fractional N/N+1 synthesizer, althongh the scope of the embodiments is
not imited in this respect, as other types of frequency svathesizers may be suitable. For
example, synthesizer circuitry 5006d may be a deha-sigma synthesizer, a frequency
multiphier, or a synthesizer comprising a phase-locked loop with a frequency divider. The
synthesizer circnitry 5064 may be conbipured to svathesize an output frequency for use by

the mixer circuitry 506a of the RF circuitry 506 based on a frequency mnput and a divider
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control input. In some embodiments, the synthestzer circuitry 506d may be a fractional

NANHT syithesizer,

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 504 or the application circuiiry 562 depending
on the desired outpit frequency. In some embodiments, a divider control input {e.g.. N)
may be determingd from a look-up table based on a channel indicated by the appheation
cireuiiry S02.

Svathesizer cireultry 5064 of the RF circuitry 506 may include a divider, a delay-
locked loop (DLL), a meltiplexer and a phase accunulator. 1o some embodiments, the
divider mav be a dual modulus divider {DMD) and the phase accumulator may be a digital
phase gecumudator (DPA). In some embodiments, the DMD may be configured to divide
the input signal by either N or N+1 {e.g., based on & cany out) to provide a fractional
division ratio. In some example embodiments, the DLE may mchude a set of cascaded,
tunable, delay elements, a phase detector, a charge pump and a D-type flip-flop. In these
embodiments, the delay elements may be canfigured to break a VOO pertod up into Nd
equal packets of phase, where Nd is the number of delay elements w the delay me. In this
way, the DLL provides negative feedback to help ensure that the total delay through the
delay hine is one VOO cycle.

In some embodiments, syathesizer cironitry 5064 may be configured o penerate a
carrier frequency as the output frequency, while in other embodiments, the output
frequency may be a maltiple of the carrier frequency {e.g., twice the carrier frequency,
four times the carmer frequency ) and used inconjunction with guadrature generator and
divider circuitry to generate multiple signals at the carrier fiequency 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 306 may include
an ¥ polar converter.

FEM circuttry 508 sy include a receive signal path that may include circtry
configured to operate on RE ugnals recetved from one or more antennas 510, amphfy the
received signals and provide the amplified versions of the recetved signals to the RF
path that may include cirauitry configured to amplify signals for transmission provided by
the RF circuitry 506 for transmission by one or more of the one or more antennas 510, In

some embodiments, the FEM circuitry 508 may include a TX/RX switch to switch
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between fransmit mode and receive mode operation. The FEM circuitry 508 may include a
receive signal path and a transimit signal path. The receive signal path of the FEM corcuitry
may include a low-noise amplifier (LNA)Y {0 amplify received RF signals and provide the
amplified received RF signals as an output {e.g., to the RF circuitry 5063 The transmit
signal path of the FEM circuitry 508 may include a power amplifier (PA} to amplify japut
RF signals {e.g., provided by RF circaitry 506), and one or more filters 1o generate RF
signals for subsequent ransmission (e.g., by one or more of the one or more antennas
510y

In some embodiments, the electronic device 500 may include additional elements
such as, for example, a display, a camers, one or more sensors, andfor interface cirouitry
{for example, inputioutput (VO) interfaces or buses) {(not shown). In embodiments whers
the electronic device is implemented in or by an eNB, the glectronic device 500 may
mchude netwaork mterface circuitry. The network interface circuitry may be one or maore
computer hardware coraponents that connect electronic device 500 to one or more network
elements, such as one or more servers within a core network or one or more other eNBs
via & wired connection. To this end, the network interface circutivy may inclode one or
more dedicated processors andfor field programmable gate arvays (FPGAs) o
commumicaic ysing one or more network communications protocols such as X2
application pretocol {AP), 81 AP, Stream Control Transmission Protocol (8CTP),
Ethemnet, Poini-to-Point (PPPY, Fiber Distributed Data Interface (FDDI), andfor any other
suitable network communications protocols.

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

Figure 6 is a block diagram iHustrating components, according o some example
embodiments, able to read instructions from a machine-readable or computer-readable
medim (o4, a machine-readable storage medivim) and perform any one or more of the
methodologies discussed heremn. Specifically, Figure 6 shows a diagrammatic
representation of computer systers 600 inchuding one or more processors {or processor
cores} 610, one or more computer-readable media 620, and one or more communication
resources 630, each of which are communicatively coupled via one or more interconnects
630,

The processors 610 may include one or more central processing unit {"CPUST

5

reduced instruction set compating (“RIST™Y processors, complex mstruciion set
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computing (*CISC™) processors, graphics processing units {“GPUs"), digital signal
processars ("DISPs”) implemented as a baseband processor, for example, application
specific imtegrated circnits (CASICE™), radio-frequency integrated circuits (RFICS), ete. As
shown, the processors 610 may include, a processor 612 and a processor 614,

The computer-readable media 620 may be suitable for use to store instructions 650
that canse the compater system 600, in response to execution of the instractions 650 by
one or more of the processors 610, (o practice selected aspects of the present disclosure
described with respect to the UE, an eNB, andior 8 location server, In some embodiments,
the computer-readable media 620 may be non-transitory. As shown, computer-readable
storage medium 62( may include instructions 654, The instructions 650 may be
programyning mstructions or computer program code configured to enable the computer
systen 660, which may be implemented as the UE 103 or 205, in response to execption of
the mstructions 650, to tmplement {aspects of) any of the methods or elements described
throughout this disclosure related to RSTD reporting. In some embodiments, programming
instructions 630 may be disposed on computer-readable media 650 that is transitory in
nature, such as signals;

Any combimation of one or more computer-usable or computer-readable media
may be utthzed as the computer-readable media 620, The computer-readable media 620
may be, for example, but not limited to, an electronic, maguetic, optical, electromagnetic,
mifrared, or semiconductor system, apparatus, device, or propagation medium. More
specific examples {a non-exhaustive list) of the computer-readable media would include
the following: an electrical connection having one or more wires, a portable computer
diskette, a hard disk, RAM, ROM,_ an erasable programmable read-only memory {for
example, EFROM, EEPROM, or Flash mensory), an optical fiber, a portable compact disc
read-only memory {(CH-ROM), an optical storage device, 8 transnpssion media such as
those supporting the internet or an intranet, or a magnetic storage device. Note that the
computer-usable or computer-readable media could even be paper or another suitable
medium upon which the program is printed, as the program can be electronically captured,
vig, for instance, optical scanning of the paper or other medium, then compiled,
wterpreted, or otherwise processad in a suitable manner, i necessary, and then stored in a
computer memory. In the context of this document, a computer-usable or conputer-
readable media may be any mediam that can contain, store, conununicate, propagate, of
transport the program for use by or in connection with the instruction execution systen,

apparatus, or device. The computer-usable media may include a propagated data signal
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with the computer-usable program code embodied therewith, either in baseband or as pant
of a carrier wave. The computer-usable program code miay be transmitted using any
appropriste medium, including bat not hmited o wireless, wireline, optical fiber cable,
radio frequency, stc.

Computer program code for carrying out operations of the present disclosure may
be writlen in any combination of one or more programming langpages, inchuding an object
oriented programming language such as Java, Smalltatk, C++ or the like and conventional
procedural programming languages, such as the “C7 programming language or similar
programuung languages. The program code may execute entirely on the user's computer,
partly on the user's computer, as a stand-alone sofiware package, partly on the user’s
computer and partly on 8 remote computer or entirely on the remote computer or server. In
the latter scenaniv, the remote computer may be connected to the vser’s computer through
any type of network, including a local area network (LAN} ora wide area network
{WAN}, or the connection yay be made to an extemnal computer {for example, through the
Internet using an Internet Service Provider).

As shown in Figure 6, instroctions 650 way reside, completely or partially, within
at least one of the processors 510 {e g, within the processor’s cache memaory), the
computer-readable media 620, or suv suitable combination thereof. Furthermore, any
portion of the mstructions 63€ may be transferred to the computer systeny 600 from any
combination of the peripheral devices 604 and/or the databases 606, Accordmgly, the
memory of processors 614, the peripheral devices 606, and the databases 606 are
additional examples of computer-readable media.

The commumnication resources 630 may mclude mterconnection andf/or network
interface components or other suitable devices to comanucate with one or more
peripheral devices 604 and/or one or more databases 606 via a network 608, For example,
the conunumcation resources 630 may melude wired comnuunication components {e.g., for

couphng via a Universal Serial Bus (USR)), cellidar cormmmumcation components, Near

o

Energy), Wi-F1& components, and other commumication components, In some
embodiments, the communication resources 630 may inchude a cellular modem to
communicate over a cellular nerwork, an Ethernet conrelier to communicate over an
Ethernet network, et

In some embodiments, one or more compenents of computer system 600 may be

mchuded as a part of a UE (for example, UE 105 or 205 of Figures 1 and 23 or an eNB (for
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example, eNB 110, 210a, 210b, 210¢, andior 210d). For example, messaging and timer
control circuityy 135, messaging circuilry 155, or baseband circuitry 604 may include
processors 010, computer-readable media 620, or conmmumcation resousces 630 to
facilitate operations described above with reapect to the UE, eNB, or some other element
such as the location server.

The present disclosure is described with reference to flowchart llustrations oy
block diagrams of methods, apparatus (systems) and computer program products
according to embodiments of the disclosure. 1t will be understood that cach block of the
flowchart Hlustrations or block diagrams, and combinations of blocks in the Howchart
Hustrations or block diagrams, can be implemented by computer program instructions.
These computer progrant instructions may be provided to a processor of a general purposs
computer, special purpose computer, or other programmable data processing apparatus to
procdduce a machineg, such that the instructions, which execute via the processor of the
computer or other programmable data processing apparatus, create a means for
implementing the functions/acts specified in the flowchart or block diagram block or
blocks.

These computer program mstructions may also be stored m a computer-readable
medium that can direct a computer or other programmable data processing apparatus to
function in a particular manner, such that the mstructions stored in the computer-readable
medium produce an article of manufacture including instruction means that implement the
functionfact specified 1 the flowchart or block diagram block or blocks.

The computer program mstructions may also be loaded onto a computer or other

performed on the computer or other programmable apparatus © produce a computer
implemented process such that the instructions that execote on the compuier or other
programmable apparatus provide processes for implementing the functions/acts specified
i the flowchart or block diagrawn block or blocks.

Some non-limiting examples are provided below.

EXAMPLES

Example 1 may include a user equipment (UE) that supports non-anchor carriers
for monitoring of paging, comprising: transceiver circuitry 1o receive paging configuration
messages in a celtular communications network; and paging carvier selection circuitry

coupled to the transcetver-circuitry o7 process the paging configuration messages, wherein
[=] >
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the message wcludes iformation regarding: available carriers for mounitoring paging
idle mode, and an anchor carvier indication weluding an mdication as to whether are anchoy
carvier should be selected; and select a carrier on which 1o monstor paging i idle mode,
based, at least in part, on the information.

Example 2 may include the UE of example 1, andfor other exaruples herein,
wherein the paging configuration messages include a list of non~anchor carriers for
paging, and a list of paging distribution weights 1o indicate a percemtage of UEs assigned
to each carrier.
wherein the paging distribution weights are a function of the maximum number of
available paging carriers,

Example 4 may welode the UE of example 2, andfor other examples herem,
wherein the paging carrier selected for paging monitoring is a function of the UE
wentification (1D} and the distribution weight of each paging carrier.

Example 5 may inchude the UE of any one of examples 1-4, and/or other examples
heretn, wherein o the list of paging distribution weights, the first clement corresponds to
the anchor carrier, and the second element corresponds o the first non-anchor carrier.
wherein the paging configuration messages are received from an evolved Node B (eNB),

Example 7 may include the UE of example 3, andfor other examples herein,
wherein the paging configuration messages are recetved in an extension of an Absiract
Syntax Notation One (ASN. 1) message sent over System Information Block Type 2
{SIB2) signaling.

Example 8 may meclude the UE of any one of examples 1-4, andéor other examples
heren, wherein the anchor carrier indication includes an explicit indication {o consider a
named anchor carrier.

Example 9 may inchude the UE of anv one of examples 1-4, andfor other examples
herein, wherpin the paging confignration messages include a list of camiers available for
paging, the list to include sn anchor carrier and at least one non-anchor carrier.

Example 10 may include the UE of any one of examples 1-4, and/or other
examples herein, wherem the paging configuration messages include:

a proportion of the UEs that support non-anchor carriers that are to consider an
anchor carner; and

a list of non-anchor carriers available for paging.
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Example 11 may include the LUE of any one of examples 1-4, and/or other
examples berein, wherein the paging configuration messages mclude a bist of carniers,
wherein individual carriers in the list include a flag to indicate whether or not a
corresponding carrier may be used for paging.

Example 12 may include one or mwore computer-readable media comprising
mstroctions 1o cause a user equipment {UE), upon execution of the instructions by one or
motre processors of the UE, to; receive paging configuration messages i a cellular
communications network: process the paging configuration messages, wherein the
message mcludes information regarding: available carriers for momioring paging in idle
mode, and an anchor camier indication including wheather an anchor carrier should be
selected; and select g carrier on which to monitor paging in idle mode, based, at least
patt, on the information.

Example 13 mav include the one or more compater-readable media of example 12,
and/or other examples herein, wherein the paging configuration messages include a list of
non-anchor carriers for paging, and a list of pagmng distribution weights to indicate a
percentage of UEs assigned to each carrier.

Example 14 may nclude the one or more conputer-readable media of example 13,
and/or other examples herein, wherein the pagmg distribution weights are a function of the
maximum number of available paging carriers.

Example 13 may include the one or more computer-readable media of example 13,
and/or other examples herein, wherein the paging camier selected for paging monitoning 15
a fanction of the UE identification {1D) and the distribation weight of each paging carrier.

Example 16 may inchide the one or more computer-readable media of any one of
examples 12418, andfor other examples herein, wherein in the list of paging distibution
weights, the first element corvesponds to the anchor carrier, and the second element
cowresponds 0 the first non-anchor carrier.

Example 17 may mnclude the one or more computer-readable media of any one of
examples 12-15, andior other examples herein, wherein the paging configuration messages
are received from an evolved Node B (eNB};

Example 18 may include the one or more computer-readable media of any one of
examples 12-15, andfor other examples herein, wherein the paging configuration messages
are received i an extension of an Abstract Svatax Notation One {ASN.1) message sent

over System Information Block Type 2 (SI1B2) signaling.
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Example 19 may inchude the one or more computer-readable media of any one of
examples 12-15, andfor other examples heremn, wherein the anchor carrier indication
mcludes an explicit mdication (o consider a samed anchor carrer.

Example 20 may include the one or more computer-readable media of any one of
examples 12-15, and/or other examples herein, wherein the paging configuration messages
wnctade a bist of carriers available for paging, the list to inchude an anchor carvier and at
least one non-anchor carvier,

Example 21 may include the one or more computer-reéadable mediaof any one of
examples 12-15, andfor other examples herein, wheremn the paging configuration messages
inctude: a proportion of the UEs that support non-anchor carriers that are to consider an
anchor carrigr, and a list of non-anchor carriers available for paging.

Example 22 may include the one or more computer-readable media of any one of
examples 12413, andéor other examples herein, wherem the paging configuration messages
weinde a bist of carners, wherein individual carriers w the list include a flag to mdicate
whether or not a corresponding carrier may be used for paging.

Exaraple 23 may include a method of selecting 4 carrier on which to monitor
pRgING messages, comprising: recerving, by a user equipment {LJE} that supports non-
anchor carriers for monitoring of  paping, from an eNB, paging configuration
messages; processing the paging configuration messages, wherein the message inchudes
mformation regarding: available carriers for monitoring paging in idle mode, an anchor
carrier indication as to whether an anchor carrier should be selected, and a paging
configuration for each carvier; and selecting a carvier on which to monitor paging mn idle
mode, based, at least in part, on the information.

Example 24 may inchide the method of example 23, and/or other exarmples herain,
wherein the paging configuration comprises a Paging Control Channel (PCCH)
configuration for each carrier, including the number of Paging Occasions within a paging
cycle (nB) and a Discominuous Reception (DRX) cvele.

Example 25 mav include the method of example 24, and/or other examples herein,
further comprising if the information only includes 3 single paging configuration,
determining by the UE that the non-anchor carriers have the same paging configuration as
the anchor carrier.

Example 26 may include the method of example 24, andfor other examples herein,
wherewn the paging configuration s different for the anchor carrier and for each of the

non-anchor Carriers, and each configuration s separately received by the UE.
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Example 27 may include the method of example 24, and/or other examples herein,
wherein the PCCH configwration is the sanwe for each carrter, but the maxinwum asumber of
paging repetitions on the narrowband physical downlink control channel (NPDCCH-
NumBRepettionPaging) 1s different

Example 28 may inchide the method of example 27, and/or other examples herein,
wherein the received PCCH configuration includes a common valae of nB and default
paging cycle configured by the eNB,

Example 29 may include the method of example 23, anddor other examples herein,
wherein the information further includes a weighting for cach available carrier,

Example 3¢ may include the method of example 29, andfor other examples heremn,
wherein the camrier is selected based upon a UE wdentification number (UE-ID) and the
wetghting of cach available carrier.

Example 31 may include apparatus, comprising contred logic, wansmit logic andéor
recetve logic to perform one or more elements of the methods of any one of examples 23-
30,

Exarple 32 may include a method for selecting a paging camnier by a user
equipment {UE), comprising: receiving paging configiwation messages; processing the
paging configuration messages, wherein the message mehudes information regarding:
avatlable carriers for monitoring paging in idle mode, and an anchor carrier indication as
to whether an anchor carmrier should be selected; and selecting a carnier on which fo
monitor paging in idle mode, based, at Jeast in part, on the information.

Example 33 may mnclude the method of example 33, andfor other examples herein,
wherein the paging confignration messages include a hist of non-anchor carriers for

paging, and a list of paging distribution weights to indicate a percentage of UEs assigned

‘to-gach casrier.

Example 34 miay include the method of example 33, and/or other examples herein,
wherein the paging distribation weights are a function of the maximum number of
available paging carriers.

Example 35 may mclude the method of example 33, and/or other examples herein,
wherein the paging carrier selected for paging is a function of the UE identification (1D}
and the distribution weight of each paging carnier.

Example 36 may include the method of any one of examples 32-35, and/or other

examples herein, wherein m the Hst of paging distribution weights, the first element
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corresponds to the anchor carrier, and the second element corresponds to the first non-
anchor carvier.

Example 37 may mchude the method of any one of examples 32-35, and/or other
examples herein, wherein the paging configuration messages are received from an evolved
Node B {(eNB)

Example 38 may include the method of any one of examples 32-35, andior other
gxamples herein, wherein the paging configuration messages are received in an extension
of an Abstract Syntax Notation One (ASN.1} message sent over System Information Block
Type 2 (SIB2) signaling.

Example 39 may mclude the method of any one of examples 32-33, andior other
examples herein, wherein the anchor carner indivation includes an explicit indication to
constder a named anchor carrier,

Exanple 40 may include the method of any one of examples 32-35, andfor other
examples herein, wherein the information includes a list of carriers available for paging,
the hist to include an anchor carsier and at least one non-anchor carvier.

Exarple 41 may include the method of any one of examples 32-38, andfor other
exanples berein, wherein the wmformation includes: a proportion of the UEs that support
non-gnchor carviers that are to consider an anchor carrier; and a list of non-anchor carriers
avatlable for paging.

Example 42 may mclude the method of anv one of examples 32-35, andfor other
examples herein, wherein the information includes a list of carviers, and wherein
individual carriers in the st include a flag to ndicate whether or not @ corresponding
carrier may be used for paging,

Example 43 may inchide apparatus, comprising control logic, transmit logic andfor
receive logic to perform one or more elements of the methods of any one of claims 32-42.
Example 44 may include one or more computer-readable media comyprising

mstructions to cause a user equipment (LIE} that supports non-anchor carriers for
monitoring of paging, wpon execution of the instructions by one or piore processors of the
process the paging configuration messages, wherein the message includes mformation
regarding: available carviers for monitoring paging in idle mode, the available carriers
inctuding an anchor carrier and one or mwwe non-anchor carriers, and a paging
configuration for each carrier; and select a carrier on which to monitor pagmg in xdle

mode, based, at feast iy part, on the mformation.

-38 -
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Example 43 may nclude the one or more compuier-readable media of example 44,
andfor other examples herein, wherein the paging configuration comprises a Paging
Control Channel {PCCH) configuration for each camier, including the number of Paging
Qceasions within a paging cvele (nB} and a Discontinrous Reception (DRX) cycle.

Example 46 may inchude the one or more computer-readable mwedia of example 45,
andfor other examples herein, wherein, upon execution, if the information only includes a
single paging configuration, the instructions further cause the UE 1o determine that the
no-anchor carriers have the same paging configuration as the anchor carier.

Example 47 may include the one or more computer-readable media of example 45,
andfor other examples herein, whervein the paging configuration is different for the anchor
carrier and for each of the non-anchor carriers, and each configuration is separately
recetved by the UE,

Example 48 nay include the one or more computer-readable media of example 45,
andfor other examples herein, wherein the PCCH configaration is the same for cach
carrier, but the maximum number of paging repetitions on the narrowband physieal
downlink control channel (NPRCCH-NumBepetitionPaging) s different.

Example 4% may include the one or more computer-readable media of example 48,
and/or other examples herein, wherein the received POCH configuration includes a
conumon value of nB and defsult paging cycle configured by the eNB.

Example 50 may mclude the one or more computer-readable media of example 44,
andfor other examples herein, wherein the information further includes a weighting for
each available camier.

Example 31 may include the one or more computer-readable media of example 50,
and/or other examples herain, wherein the select the carvier includes select the carrier
based ppon a UE identification number (UE-1D) and the weighting of each available

caryier.

The foregoing description of ong or more implementations provides iHustration
and deseription, but s not intended © be exbanstive or to limit the scope of embodiments
to the precise form disclosed. Modifications and vartations are possible in hght of the

above teachings or may be acquived from practice of various embodiments.
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Claims
What is claimed is:

1A user equipment (UE) that supports non-anchor carriers for monitoring of
paging, comprising:
transceiver circuityy to receive paging configuraion messages in a eellular
communications network; and
paging carrier selection civeuitry coupled to the transcetver cireuttry to
process the paging configuration messages, wherein the message
wclodes information regarding:
avatlable carriers for monitoring paging in idle mode, and
an anchor carrier indication meluding an indication as to whether an
anchor carrier should be selected; and
select a carrier on which to mowitor paging i idle mode, based, at least in

part, on the information.

2. The UE of claim 1, wheremn the paging configuration messages include a Hst of
non-anchor carriers for paging, and a Hst of paging distribution weights to indicate a

percentage of UKs assigned to each carrier.

3. The UE of claim 2, wherein the paging distribution weights are a fanction of the

maximum number of available paging carriess.

4, The UE claim 2, wherein the paging carner selected for paging monitoring 18 a

function of the UR identification {(ID) and the distribution weight of each paging carvier.
5. The UE of any one of claims -4, wherein i the Hist of paging distribution
weights, the first element corvesponds 1o the anchor carrier, and the second element

corresponds to the first non-anchor carrier:

&, The UE of claim §, wherem the paging configuration messages are recerved

from an evolved Node B (eNB).

- 443 -
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7. The UE of claim 5, wherein the paging configuration messages are recetved in
g 2 2
an extension of any Abstract Syntax Notation One (ASN 1) message sent over System

Information Block Type 2 (51B2) signaling.

8. The UE of any one of claims 14, wherein the anchor carrier indication includes

an exphictt indication to consider a named anchor carrier.

9, The UE of any one of claims 1-4, wherein the paging configuration messages
mchude a hist of carriers available for paging, the st to include an anchor carrier and at

least one non-anchor carrier.

mchade:
a proportion of the UEs that support non-anchor carriers that are to consider an
anchor carrier; and

a list of non-anchor carriers avatlable for paging.

11 The UE of any one of claims 1-4, wherein the paging configuration messages
include 3 Hst of carriers, wherein individual carriers in the list include a flag to mdicate

whether or not a corresponding carrier may be used for paging.

12, One or more computer-readable media comprising mstructions (o cause a user
equipment {UE}, vpon execution of the instructions by one or more processors of the UE,
e

recetve paging configaration messages in a cellular commanications network;

process the paging configuration messages, wherein the message includes
mformation regarding:

available carriers for monitoring paging m idle mode, and
an gnchor carvier indication including whether an anchor carrier should be
selected, and

select a carrier on which 1o monitor paging in idle mode, based, at least in part, on

the information.

<41 -
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13. The one or more computer-readable medis of claim 12, whevemn the paging

configuration messages include a list of paging distribution weights to indicate a

(>

percentage of UEs assigned 1o each carrier.

14, The one or more computer-readable media of clatm 13, wherein the paging

distribution weights are a function of the maximum number of avatlable paging carriers.

15. The one or more computer-readable media of claim 13, wherein the paging
carvier selected for paging monitoring is & function of the UE idemification {1D) and the

distribution weight of each paging carrier.

16, The one or more computer-readable media of any one of claims 12-15,
wherein the paging configuration massages are received in an extension of an Abstract

Syntax Notation One {ASN. 1) message sent over SIB2 signaling by an eNB.

17. The one oy more computerteadable media of any one of clainm 12-15,
wherein the configuration message mcludes an exphoit indication to consider an anchor

carsier.

18. The one or more computer-readable media of any one of claims 12-15,
wherein the configuration messages include:

a proportion of the UEs that support non-anchor carriers that are to consider an
anchor carrier; and

a list of non-anchor carriers available for paging.

19, A method of selecting a carrier on which to monitor paging messages.,
comprising:
receiving, by a user equipment {UE) that supports non-anchor carriers for
monitoring of paging, from an eNB, paging configuration messages;
processing the paging configuration messages, wherein the message
includes mformation regarding:
available carviers for monitoring paging in idle mode,
an anchor carrier indication ss to whether an anchor camner should be

selected, and a paging configuration for each carrier; and

-42 -
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selecting a carrier on which to monitor paging in idle mode, based, at least i part,

on the mformation.

20. The method of claim 19, wherein the paging configuration comprises a Paging
Control Chagnel (PCCH) configuration for each carvier, including the number of Paging

Occastons within g paging cycle (nB) and a Discontinuous Reception {DRX) eycle.

21. The method of claim 20, further comprising:
if the information only inchudes g single paging configwation, detenmining by the

UE that the non-anchor carviers have the same paging configuwation as the anchor carrier.

22. The method of claim 30, wherein the paging configuration is different for the
anchor carrier and for each of the non-anchor carriers, and each configuration is separately

recetved by the UE.

23, The method of claim 20, whetein the PCCH configuration is the same for each
carrier, but the maximum number of paging repetitions on the narrowband physical

downlink control channel (NPDCCH-NumRepetitionPaging) is different.

24. The method of claim 24, wherein the received PCCH configuration includes a

common value of nB and default paging cycle configured by the eNB.

famd

25, Apparatus, comprising control logic, transout logic andfor recerve logic to

perform one o more elements of the methads of any one of clatms 19-24.
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