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SYSTEMS AND METHODS FOR DIRECTIONAL MESH NETWORKS WITH JOINT
BACKHAUL AND ACCESS LINK DESIGN

CROSS-REFERENCE TO RELATED APPLICATIONS
(001} This application claims priority to U.S. provisional patent application nos.
61/645,352, filed May 10, 2012, and 61/645,156, filed May 10, 2012, both of which are

meorporated herein by reference in their entireties.

BACKGROUND

[002] In recent years demand for cellular network bandwidth has stcadily ncreased.
Increases in cellular network bandwidth demand are predicted to continue, for instance in
accordance with capabilities of LTE and/or LTE advanced networks that offer significantly
higher data transmission rates. Within the radio frequency spectrum typically reserved for
cellular network communications, ensuring that there is sufficient bandwidth (o cnable
cfficient and reliable communications across these wireless communications networks, for
mstance sufficient for transporting video, continues 1o be challenging. For instance, the rapid
adoption of smart phones that are capable of generating and displaying video may place

additional demands on these wireless communication networks,

SUMMARY

[0003] Une or more base stations of a cellular communications network may be
configured o operate as milhmeter wave (mmW) base stations {mBs). Such mBs may be
configured to participate in an W mesh network and to access the cellular
conunurications network, for exarple via cellular access links. Example contigurations of
mBs may be enabled by interfaces among the nodes in accordance with different node
deployment scenarios. Methods that enable initial startup procedures for such mBs are
disclosed.

0004 ] A network device of the cellular communications network, for example an
eMNB, may operate as a control entity with respect to one or more mBs. Such a network
device may configure the mmW mesh network, for example by performing a process to join a
new mbB to the mmW mesh network., For example, such an cNB may assist with the
establishment of transnydt-receive beam orientation between one or more mBs, in accordance

-1-



WO 2013/170169 PCT/US2013/040576

with signal levels between the mBs and/or interference levels at one or more neighboring
mbBs, for example using cellular layer commumnications.

[00G5] Such an eNB network device may govern mesh backhaul routing with respect
to the cellular commumications network and the mmW mesh network, Cellular connectivity
(e.g., cellular access links) may be used to provide routing information to mBs and/or to
coliect channel information {(¢.g., average and/or instantancous gain information) from the
mBs. The eNB may use such information to govern routing through the celiular
communications network and the mmW mesh network, A WTRU configured for mmW
communications may send and receive control information via a cellular access link, and may

send and receive data via the omW mesh network, for example.

BRIEF DESCRIPTION OF THE DRAWINGS

1000661 FIG. 1A depicts a system diagram of an example conumnunications system in
which one or more disclosed embodiments may be implemented.

F0007] FIG. 1B depicts a system diagram of an example wircless transmit/receive unit
{(WTRU} that may be used within the communications systern illustrated o FIG. 1AL

L0008} FIG. 1C depicts a system diagram of an example radio access network and an
example core network that may be uvsed within the commumications system illustrated in FIG.
1A,

100091 FIG. 1D depicts a system diagram of an example radio access network and an
example core network that may be used within the communications system illastrated in FIG.
1A.

(0010} FI1G. 1E depicts a system diagram of an example radio access network and an
example core network that may be used within the cormnumications system ihustrated in FIG.
1A.

(011} FIG. 2 depicts a block diagram of an cxample deployment of a ccliular
conynurications system and an associated millimeter wave Gom W) communications system.
160123 FIG. 3 depicts a block diagram of another example deployment of a cellular
communications system and an associated millimeter wave (mmW) communications system.
[0013] FI1G. 4 depicts a block diagram of another example deployment of a cellular
communications system and an associated millimeter wave (nnnW) communications system,
(0014} FIG. S depicts a block diagram of an example deployment of a cellular

commumnications system and an associated millimeter wave (mmW) communications system
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having an mmW gateway node (mGW).

(G015} FIG. 6 depicts a block diagram of another example deployment of a cellular
commumnications system and an associated millimeter wave (mmW) conymunications system
having an mOW.

[0016] FIG. 7 illustrates an example setup procedure for an mmW base station (mB)
device in a collocated deployment.

(o017} FIG. 8 illustrates an example setup procedure for an ramW base station (mB)
device in a non-collocated deployment.

[0018] FI1G. 9 illustrates another example setup procedure for an mmW base station

{mB) device in a non-collocated deployment.

[0019] FIG. 10 depicts a block diagram of an example mB mesh backhaud system.
100201 FIG. 11 depicts a block diagram of an example mmW system with mmW
mesh backhaul

(00211 FIG. 12 depicts a block diagram of inputs to an cxample mesh backhaul

routing protocol (MBRP).

[0022] FI1G. 13 illustrates an cxample operational process flow a centralized MBRP.
[0023] FIG. 14 illustrates an cxample operational process flow a decentralized
MBRP.

DETAILED DESCRIPTION

[0024] FIG. 1A is a diagram of an example communications system 100 in which one
or more disciosed embodiments may be implemented. The communications system 100 may
be a nultiple access system that provides content, such as voice, data, video, messaging,
broadcast, ete., to multiple wireless users. The commumications system 100 may enable
multiple wireless users to access such content through the sharing of system resources,
including wireless bandwidth., For example, the communications systems 100 may employ
one ot more channel access methods, such as code division multiple access (CDMA), time
division multiple access (TDMA), frequency division multiple access (FDMA), orthogonal
FDMA {OFDMA), single-carrier FDMA {SC-FDMA), and the like.

[0025] As shown in FIG. 1A, the communications systern 100 may include at least
one wireless transmit/receive unit {WTRLD, such as a plurality of WTRUs, for instance
WTRUs 1023, 102b, 102¢, and 1024, a radio access network (RAN)Y 104, a core network 106,

a public swiiched telephone network (PSTING 108, the Internet 119, and other networks 112,

3.
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though it should be appreciated that the disclosed embodiments contemplate any munber of
WTRUs, basc stations, networks, and/or network clements. Each of the WTRUs 102a, 102b,
102¢, 1024 may be any type of device configured to operate and/or commumicate in 2
wireless environment. By way of example, the WTRUs 102a, 102b, 102¢, 102d may be
configured to transmit and/or receive wireless signals and may include user equipment (UE),
3 mobile station, a fixed or mobile subscriber unit, a pager, 3 cellular telephone, a personal
digital assistant (PDA), a smartphone, a laptop, 2 netbook, a porsonal computer, 2 wirciess
sensor, consumer electromics, and the hike.

[0026] The communications systems 100 may also include a base station 114a and a
base station 114b. Each of the base stations 114a, 114b may be any type of device
configured to wirelessly interface with at least one of the WTRUs 102a, 102b, 102¢, 102d to
facilitate access 10 one or more communication networks, such as the core network 106, the
Internet 110, and/ov the networks 112, By way of example, the base stations 114a, 114b may
be a base transceiver station (BTS), a Node-B, an eNode B, a Home Node B, a Home eNode
B, a site controller, an access point {AP), a wireless router, and the like. While the base
stations 114a, 114b are cach depicted as a single clement, it should be appreciated that the
basc stations 114a, 114b may include any nursber of interconnected base stations and/or
network clements.

10027} The base station | 14a may be part of the RAN 104, which may also inchude
other base stations and/or network elements (not shown), such as 3 base station controler
(B5C), a radio network controller (RNCY, relay nodes, ete. The base station 114a and/or the
base station | 14b may be configured to transmit and/or receive wircless signals within a
particular geographic rogion, which may be referred to as g cell (not shown). The cell may
further be divided ioto cell sectors. For example, the cell associated with the base station
114a may be divided into three sectors. Thus, in one embodiment, the base station 114a may
mciude three transceivers, 1.e., one for each sector of the cell. In another embodiment, the
basc station | 14a may employ mukliiple-input multiple output (MIMO) techuology and,
therefore, may utilize multiple transceivers for cach sector of the cell.

[0028] The base stations 114a, 114b may communicate with one or more of the
WTRUs 102a, 102b, 102¢, 102d over an air interface 116, which may be any suitable
wirgless communication link {¢.g., radio frequency {RF), microwave, infrared (IR},
uhtraviolet (UV), visible Hght, ete.). The air interface 116 may be established using any
suitable radio access technology (RAT).

R
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[0029] More specifically, as noted above, the communications system 100 may be a
multiple access system and may cmploy onc or more channel access schemes, such as
CDMA, TOMA, FDMA, OFDMA, SC-FDMA, and the like. For example, the base station
114a inthe RAN 104 and the WTRUs 1024, 102b, 102¢ may implement a radio technology
such as Universal Mobile Telecommumications System (UMTS) Terrestrial Radio Access
(UTRA), which may establish the air interface 116 using wideband CEMA (WCDMA).
WCDMA may include communication protocols such as High-Speed Packet Access (HSPA)
and/or Evolved HSPA (HSPA-+). HSPA may include High-Speed Downlink Packet Access
{HSDPA) and/or High-Speed Uplink Packet Access (HSUPA).
(0030 In another embodiment, the base station 114a and the WTRUs 102a, 102b,
102¢ may implement a radio technology such as Evolved UMTS Terrestrial Radio Access (E-
UTRA), which may establish the air interface 116 using Long Term BEvolution (LTE) and/or
LTE-Advanced (LTE-A).
(00311 In other embodiments, the base station 114a and the WTRUs 102a, 102b, 102¢
may implement radio technologies such as [EEE 802.16 (i.e., Worldwide Interoperability for
Microwave Access {WiIMAX)), CDMAZ000, CDMAZO00 1 X, CDMAZO00 EV-DO, Interim
Standard 2000 (1S-2000), oterim Standard 95 (18-95), Interim Standard 8356 (15-856), Global
Systern for Mobile communications (GSM), Enhanced Data rates for GSM Evolution
(EDGE), GSM EDGE {GERAN), and the like,
(0321 The base station 114b in FIG. 1A may be a wireless router, Home Node B,
Home eNode B, or access point, for example, and may utilize any suitable RAT for
facilitating wircless connectivity in a localized area, such as a place of business, a home, a
vehicle, 8 campus, and the like. In one embodiment, the base station 114b and the WTRUs
102¢, 1024 may ioplement a radio technology such as IEEE 802.11 to cstablish 2 wirciess
local area network (WELAN). Tn another embodiment, the base station | 14b and the WTRUs
102¢, 102d may implement a radio technology such as [EEE 802.15 to establish a wireless
personal arca network (WPAN). In yet another embodiment, the base station 114b and the
WTRUs 102¢, 1024 may utilize a cellular-based RAT {c.g., WCDMA, CODMA2000, GSM,
LTE, LTE-A, etc.) to establish a picocell or femtocell. As shown in FIG. 1A, the base station
114b may have a direct connection to the Internet 110, Thus, the base station 114b may not
¢ required to access the Imternet 110 via the core network 106.
[0033] The RAN 104 may be in communication with the core network 106, which
may be any type of network configured to provide voice, data, applications, and/or voice over

~3-
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internet protocet (VolP) services to one or more of the WTRUs 1024, 102b, 102¢, 1024, For
cxample, the core network 106 may provide call control, bifling services, mobile location-
based services, pre-paid calling, Internet connectivity, video distribution, etc., and/or perform
high-level security functions, such as user authentication. Although not shown in FIG. 1A, 1t
should be appreciated that the RAN 104 and/or the core network 106 may be in direct or
ndirect comununication with other RANSs that eruploy the same RAT as the RAN 104 ora
different RAT. For example, in addition to being connected to the RAN 104, which may be
atilizing an E-UTRA radic technology, the core network 106 may also be in conumunication
with another RAN (not shown) employing 8 GSM radio techoology.

[0034] The core network 106 may also serve as a gateway for the WTRUs 1023,
102b, 102¢, 102d to access the PSTN 108, the Internet 110, and/or other networks 112, The
PSTN 108 may include circuit-switched telephone networks that provide plain old telephone
service (POTS). The Internet 110 may include a global system of interconnected computer
networks and devices that use commmon communication protocols, such as the fransmission
control protocol (TCP), user datagram protocol (UDP) and the internet protocol (IP) in the
TCP/F internct protocol suite. The networks 112 may include wired or wireless
commumnications networks owned and/or operated by other service providers. For exanple,
the networks 112 may include another core network connected to one or more RANs, which
may employ the same RAT as the RAN 104 or a different RAT.

(00351 Some or all of the WTRUs 1023, 102b, 102¢, 1024 in the communications
system 100 may include multi-mode capabilitics, i.e., the WTRUs 102a, 102b, 102¢, 102d
may nclode moltiple transceivers for communicating with different wireless networks over
different wircless links. For cxample, the WTRU 102Z¢ shown in FIG. 1A may be configured
to comnmmicate with the base station 114a, which may cmploy a cellular-based radio
technology, and with the base station 1 14b, which may employ an IEEE 802 radio
technology.

[{(H136] FIG. 1B is a systom diagram of an example WTRU 102, As shown in FIG.
18, the WTRU 102 may inclade a processor 118, a transceiver 120, a transmit/reccive
clement 122, a speaker/microphone 124, a keypad 126, a display/touchpad 128, non-
removable memory 130, removable memory 132, a power souree 134, a global positioning
system ((GPS) chipset 136, and other peripherals 138, 1t should be appreciated that the
WTRU 102 may include any sub-combination of the foregoing elements while remaining

consistent with an embodiment.
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(00377 The processor 118 may be a general purposs processor, a special purpose
processor, a conventional processor, a digital signal processor (DSP), a phurality of
MICTOPTOCESSOTS, ONC OF TMOTS THICTOPTNCESSOTs in association with a DSP core, a controller, a
microcontroller, Application Specific Integrated Circuits (ASICs), Field Programmable Gate
Array (FPGASs) eireuits, any other type of integrated cirewit (IC), a state machine, and the
like. The processor 118 may perform signal coding, data processing, power control,
mput/output processing, and/or any other functionality that enables the WTRU 102 o operaie
in a wireless enviromment. The processor 118 may be coupled to the transceiver 120, which
may be coupled to the fransmit/receive clement 122, While FIG. 1B depicts the processor
118 and the transceiver 120 as scparate components, it should be appreciated that the
processor 118 and the transceiver 120 may be integrated together in an clectronic package or
chip.

[{(H138] The ransmit/receive element 122 may be configured o ransmit signals to, or
receive signals from, a base station {e.g., the base station 114a) over the air interface 116.
For example, in one embodiment, the transmit/receive element 122 may be an antenna
configured to transmit and/or receive RF signals. Tn another embodiment, the
transmit/receive eloment 122 may be an cratiter/detector configured to transmit and/or
receive IR, UV, or visible light signals, for example. In yet another embodiment, the
transmit/receive clement 122 may be configured to transmit and receive both RF and Light
signals. It should be appreciated that the transmit/receive element 122 may be configured to
transmit and/or receive any combination of wircless signals.

(00391 In addition, although the transmit/receive element 122 is depicted in FIG. 1B
as a single element, the WTRU 102 may include any nomber of transmit/receive clements
122. More specifically, the WTRU 102 may employ MIMO technology. Thus, in one
embodiment, the WTRU 12 may include two or more transmit/receive clements 122 (e.g.,
multiple antennas) for transmitting and receiving wireless signals over the air interface 116.
(0401 The ransceiver 120 may be configured to modulate the signals that are to be
transmitted by the transmit/receive element 122 and to demodulate the signals that are
reccived by the transmit/receive element 122, As noted above, the WTRU 102 may have
mutti-mode capabilities. Thus, the transeciver 120 may inchide multiple transceivers for
cnabling the WTRU 102 to communicate via muitiple RATs, such as UTRA and [EEE
802.11, for example.
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(60411 The processor 118 of the WTRU 102 may be coupled to, and may receive user
input data from, the speaker/microphone 124, the keypad 126, and/or the display/touchpad
128 {c.g., a Hquid crystal display {LCD) display unit or organic light-emitting diode (OLED)
display umit). The processor 118 may also output user data to the speaker/microphone 124,
the keypad 126, and/or the display/touchpad 128, In addition, the processor 118 may access
nformation from, and store data in, any type of suitable memory, such as the non-removable
memory 130 and/or the removable memory 132, The non-removable memory 130 may
mchide random-access memory (RAM), read-only memory (ROM), a hard disk, or any other
type of memory storage device. The removable memory 132 may include a subscriber
identity modude (SIM} card, a memory stick, a secure digital (SD} memory card, and the like.
in other embodiments, the processor 118 may access information from, and stove data in,
memory that is not physically located on the WTRU 102, such as on 8 server or a home
computer (not shown).

[(3042] The processor 118 may receive power from the power source 134, and may be
configired to distribute and/or control the power to the other components n the WTRU 102
The power source 134 may be any suitable device for powering the WTRU 102, For
example, the power source 134 may inclade one or more dry ccll batteries {e.g., nickel-
cadmivm (MiCd), nickel-zine (NiZn), nickel metal hydride (NiMH), hthium-ion (Li-ion),
gy, solar cells, fuel cells, and the hike.

(0431 The processor 18 may also be coupled to the GPS chipset 136, which may be
configured to provide location information (e.g., longitude and latitude} regarding the current
location of the WTRU 102, In addition to, or in lieu of, the information from the GPS chipset
136, the WTRU 102 may receive location nformation over the air interface 116 from a base
station {e.g., base stations 1 14a, 114b)y and/or determine its location based on the timing of
the signals being received from two or more nearby base stations. It should be appreciated
that the WTRU 102 may acquire location information by way of any suitable location-
determination method while remaining consistent with an embodiment.

(00441 The processor 118 may further be coupled fo other peripherals 138, which
may inchide one or more software and/or hardware modules that provide additional features,
fonctionality and/or wired or wireless connectivity. For example, the peripherals 138 may
inchude an accelerometer, an e-compass, a satellite ransceiver, a digital camera (for
photographs or video), a universal serial bus (USB) port, a vibration device, a television
transceiver, a hands free headset, a2 Bluctooth® module, a frequency modulated (FM) radio

8-
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unit, a digital music player, a media plaver, a video game player module, an Internet browser,
and the like.

[0045] FI1G. 1C 1s a system diagram of an embodiment of the commumnications system
100 that ncludes a RAN 104a and a core network 106a that comprise example
implementations of the RAN 104 and the core network 106, respectively. As noted above,
the RAN {4, for instance the RAN 1043, may employ a UTRA radio technology to
communicate with the WTRUs 102a, 102b, 102¢ over the air interface 116. The RAN 104a
may also be in conmmonication with the core network 106a. As shown in FIG. 1C, the RAN
104a may include Node-Bs 140a, 140b, 140c, which may cach include one or more
transceivers for commuwmicating with the WTRUs 102a, 102b, 10Z2¢ over the air interface 116,
The Node-Bs 140a, 140b, 140c may cach be associated with a particular cell (not shown)
within the RAN {{(4a. The RAN 104a may also inchide RNCs 1422, 142h. It should be
appreciated that the RAN 104a may inchide any number of Node-Bs and RNCs while
remaining consistent with an cmbodiment.

[0046] As shown in FIG, 1C, the Node-Bs 140a, 140b may be in communication with
the RNC 142a. Additionally, the Node-B 140c may be in conunumication with the RNC142b.
The Node-Bs 1403, 140b, 140c may conmunicate with the respective RNCs 142a, 147b via
an fab interface. The RNCs 142a, 142b may be in commumication with one another via an
lur interface. Each of the RNCs 1423, 142b may be configured to control the respective
Node-Bs 140a, 140b, 140c to which it is connected. In addition, each of the RNCs 142a,
142b may be configured to carry out or support other functionality, such as outer loop power
control, load control, admission control, packet scheduling, handover control, macrodiversity,
security functions, data encryption, and the like.

[0047] The core network 106a shown in FIG. 1C may include a media gateway
(MGW) 144, a mobile switching center (MSC) 146, a serving GPRS support node {SGSN)
148, and/or a gateway GPRS support node (GGSN) 150, While each of the foregoing
clements is depicted as part of the core network 1063, it should be appreciated that any one of
these elements may be owned and/or operated by an entity other than the core network
operator.

[0048] The RNC 1422 in the RAN 104a may be connected to the MSC 146 in the
core network 106a via an faCS interface. The MSC 146 may be connected to the MGW 144,

The MSC 146 and the MGW 144 may provide the WTRUs 102a, 102b, 102¢ with access to
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circuii-switched networks, such as the PSTN 108, to facilitate communications between the
WTRUs 102a, 102b, 102¢ and traditional land-line communications devices.

[0049] The RNC 1422 in the RAN 104a may also be connected to the SGSN 148 in
the core network (064 via an 1oPS interface. The SGSN 148 may be connected to the GGSN
150. The SGSN 148 and the GGSN 150 may provide the WTRUs 102a, 102h, 102¢ with
access to packet-swilched networks, such as the Internct 119, to facilitate commumnications
between the WTRUs 1024, 102b, 102¢ and iP-cnabled devices.

(0050 As noted above, the core network 1{6a may also be connected to the networks
112, which may include other wired or wircless networks that are owned and/or operated by
other service providers,

[0051] FIG. 113 15 a system diasgram of an embodiment of the communications system
100 that inclodes a RAN 104b and a core network 106b that comprise example
implomentations of the RAN 104 and the core notwork 106, respectively. As noted above,
the RAN 104, for instance the RAN 104b, may employ an E-UTRA radio technology to
cemmunicate with the WTRUs 102a, 102b, and 102¢ over the air interface 116, The RAN
104b may also be in conununication with the core network 106b.

10052} The RAN 104b may include eNode-Bs 170a, 170h, 170¢, though it should be
appreciated that the RAN 104b may include any number of eMode-Bs while remaining
consistent with an embodiment. The eNode-Bs 170s, 170b, 170¢ may cach include one or
morg transceivers for communicating with the WTRUs 1023, 102b, 102¢ over the air
mterface 116, In one embodiment, the eNode-Bs 170a, 170b, 170¢ may tmplement MIMO
technology. Thas, the eNode-B 170a, for example, may use multiple antennas to transmit
wircless signals to, and receive wircless signals from, the WTRY 1{02a.

[0053] Fach of the eNode-Bs 170a, 170b, 170¢ may be associated with a particular
cell {not shown) and may be configured to handle radio resource management decisions,
handover decisions, scheduling of users in the uphink and/or downlink, and the hike. As
shown in FIG, 1D, the eMNode-Bs 170a, 170b, 170c may communicate with one another over
an X2 interface.

100541 The core network 106b shown in FIG. 1D may include a mobility
management gateway (MME) 172, a serving gateway 174, and a packet data network (PDN)
gatoeway 176. While cach of the foregoing clements 1s depicted as part of the core network
106b, it should be appreciated that any one of these elements may be owned and/or operated
by an entity other than the core network operator.
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[0055] The MME 172 may be connected to each of the eNode-Bs 170a, 170b, 170¢ in
the RAN 104b via an S1 interface and may serve as a control node. For example, the MME
172 may be responsible for authenticating users of the WTRUs 102a, 102b, 102¢, bearer
activation/deactivation, sclecting a particular serving gateway during an mitial attach of the
WTRUs 102a, 102h, 102¢, and the like. The MME 172 may also provide a control plane
function for swiiching between the RAN 104b and other RANSs (not shown) that employ
other radie technologics, such as GSM or WCDMA,

[0056] The serving gateway 174 may be connected to cach of the eNode Bs 170a,
170b, 170c¢ in the RAN 104b via the 51 interface. The serving gateway 174 may gencrally
route and forward user data packets to/from the WTRUs 102a, 102b, 10Z¢. The serving
gateway 174 may also perform other functions, sach as anchoring user planes during inter-
eNode B handovers, triggering paging when downlink data is available for the WTRUs 102a,
102b, 102¢, managing and storing contexts of the WTRUs 102a, 1062b, 102c, and the like.
(00571 The serving gateway 174 may also be connected to the PON gateway 176,
which may provide the WTRUs 102a, 102b, 102¢ with access to packet-switched networks,
such as the Internet 114, io facilitate commumications between the WTRUs 102a, 102b, 102¢
and P-enabled devices.

[0058] The core network 106b may facilitate communications with other networks,
For example, the core network 106b may provide the WTRUs 102a, 102h, 102¢ with access
to circuit-switched networks, such as the PSTN 108, to facilitate communications betwee

the WTRUs 102a, 102b, 102¢ and traditional land-line communications devices. For
example, the core network 106 may include, or may commumicate with, an IP gateway (e.g.,
an [P multimedia subsystem (IMS) server) that serves as an interface between the core
network 106b and the PSTN 108, In addition, the core network 106k may provide the
WTRUs 102a, 102b, 102¢ with access to the networks 112, which may include other wived or
wireless ngtworks that are gwned and/or operated by other service providers.

(597 FIG. 1E is a system diagram of an embodiment of the communications systom
100 that includes a RAN 104¢ and a core network 106¢ that comprise example
implementations of the RAN 104 and the core network 106, respectively, The RAN 104, for
mstance the RAN 104¢, may be an access service network (ASN) that employs IEEE 802.16
radio technology to communicate with the WTRUs 102a, 102b, 102Z¢ over the air interface

116. As described herein, the communication links between the different fumctional entities
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of the WTRUs 102a, 102b, 102¢, the RAN 104c, and the core network 136¢ may be defined
as reference points,

[0060] As shown in FI1G. 1E, the RAN 104c may include base stations 180a, 180h,
180¢, and an ASN gateway 182, though it should be appreciated that the RAN 104e may
mclade any number of base stations and ASN gateways while remaining consistent with an
embodiment. The base stations 180a, 180b, 180c may each be associated with a particular
cell (not shown) in the RAN 104¢ and may cach include one or more transceivers for
communicating with the WTRUs 102a, 102b, 102¢ over the air interface 116, In one
embodiment, the base stations 180a, 180b, 180¢ may imploment MIMO technology. Thus,
the base station 180a, for example, may use roultiple antennas to transmit wircless signals to,
and receive wireless signals from, the WTRU 102a. The base stations 180a, iR0b, 180¢ may
also provide mobility management functions, such as handoff triggering, tunnel
establishment, radic resource management, traffic classification, guality of service (QoS)
policy enforcement, and the like. The ASN Gateway 182 may serve as & traffic aggregation
point and may be responsible for paging, caching of subscriber profiles, routing to the core
network 106¢, and the like

[0061] The air interface 116 between the WTRUs 102a, 102b, 102¢ and the RAN
104¢ may be defined as an R1 reference point that implements the TEEE 802,16 specification.
In addition, each of the WTRUs 102a, 102b, 1{02¢ may establish a logical interface (not
shown} with the core network 106¢. The logical interface between the WTRUs 102a, 102b,
102¢ and the core network 106¢ may be detined as an R2 reference point, which may be used
for authentication, asthorization, IP host configuration management, and/or mobility
management.

[0062] The commumication link between gach of the base stations 180a, 180b, 1R3¢
may be defined as an RR reference point that includes protocols for facilitating WTRU
handovers and the transfer of data between base stations. The communication link between
the base stations 180a, 180b, 180c and the ASN gateway 182 may be defined as an R6
reference point. The R6 refercoce point may inchude protocols for facilitating mobility
management based on mobility events associated with each of the WTRUs 102a, 102b, 102¢.
[0063] As shown in FIG., 1E, the RAN 1{4¢ may be connected to the core network
106¢c. The communication link between the RAN 104¢ and the core network 106¢ may
defined as an R3 reference point that mclhudes protocols for facilitating data transfer and
mobility management capabilities, for example. The core network 106¢ may include 2
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mobile IP home agent (MIP-HA) 184, an authentication, authorization, accounting (AAA)
server 186, and a gateway 188, While cach of the foregoing clements is depicted as part of
the core network 106¢, it should be appreciated that any one of these elements may be owned
and/or operated by an entity other than the core network operator.

[(064] The MIP-HA 184 may be responsible for IP address management, and may
gnable the WTRUs 102a, 102b, 102¢ to roam between different ASNs and/or different core
networks. The MIP-HA 184 may provide the WTRUs 102a, 102b, 102¢ with access fo
packet-switched networks, such as the Internet 110, to facilitate communications between the
WTRUs 102a, 102b, 102¢ and IP-cnabled devices. The AAA server 186 may be responsible
for user authentication and for supporting user services. The gateway 188 may facilitate
mierworking with other networks. For exarople, the gateway 188 may provide the WTRUs
102a, 102b, 102c with access to circuit-switched networks, such as the PSTN 108, to
facilitate communications between the WTRUs 102a, 102b, 102¢ and traditional landline
conunurications devices. In addifion, the gateway 188 may provide the WTRUs 102a, 102h,
102¢ with access to the networks 112, which may imchide other wired or wireless networks
that are owned and/or operated by other service providers.

[O06S] Although not shown in FIG. 1E, i should be appreciated that the RAN 104c¢
may be connected to other ASNs and the core network 106¢ may be connected to other core
networks, The communication link between the RAN 104¢ the other ASNs may be defined
as an R4 reference point, which may include protocols for coordinating the mobility of the
WTRUs 102a, 102b, 102¢ between the RAN 104c¢ and the other ASNs. The conununication
link between the core network 106¢ and the other core networks may be defined as an RS
reference point, which may inciude protocols for facilitating interworking between home core
networks and visited core networks,

[0066] A mithmeter wave (W) communication system, for example an mmW
mesh network that includes a plorality of nodes configured for mmW commumication, may be
ntegrated with a cellular communications system. For example, an nunW mesh network
may be commmumnicatively coupled to a cellular commuunications system, such that one or more
UEs {e.g., WTRUSs) associated with the cellular commumications system may leverage the
mmW conmmuonications system, for example to send and/or receive data. Such integration
may be implemented in accordance with a radio network evolution {(RNE) architecture

model.
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[0067] An implementation of integrating an mmW communications network with a
cellular communications neiwork may mclode a cellular system overlay with an mmW
system underlay. The ccliular system (or layer) may be configured to provide a control
framework., The mmW system (or layer) may be configured to provide one or more data
pipes that may carry high throughput data, for example. Higher layer control signaling (as
well physical layer control) such as system information, paging, random access channel
(RACH) access, radio resource control (RRC), and non-access stratom (NAS) signaling (e.g.,
signaling radio bearers) and/or multicast traffic, may be provided via the cellular layer, for
cxample. The mmW layer may be used as a default for transporting high throughput traffic.
The cellular overlay layver may be used to transport low throughput and/or delay sensitive
traffic. The mmW layer may have dedicated PHY control signaling.

[(3068] A UL may initially be connected to a celludar network before receiving and/or
transmitting data on an mmW link. Low throughput and/or delay sensitive traffic may be
carried by the cellular overlay laver, for example when the network deems it more
appropriate. One or more UEs configured with mmW capability may have UL and/or DL
cellular capabilitics. The cellular layer may be used for mmW network control, connectivity
and/or moebility management, for example. The celiular layer may carry L2 and/or L3 control
messages, which may alleviate the mmW layer from costs (e.g., resource costs} associated
with these functions.

(0691 In an example system architecture, an mmW communications system may be
connected to a cellular communications system through a roesh backhaul systemn. The mmW
network may inclede one or more base stations (e.g., small scale base stations) that may be
referred to as mmW base stations (mBs). The mBs may be within the coverage arca of at
least one network device of the cellular commumications system, for exaraple an eNB. One
ot more UEs that are capable of mmW commumication, which may be referred to as amW
UE (mUEs}, may be configured to operate using mm®W and/or cellular links.

(701 An integrated celludar network and mmW network architecture may include a
logical and/or physical entity that may be referred to as an mmW gateway (mGW). An
mGW may be configured so as to alleviate operational complexity of one or more cellular
base stations, for example with respect to mmW control. An mGOW node may be
implemented as a separate physical entity and/or may be collocated with a network device of
the cellular network, tor example an eNB or an 5-GW. One or more mBs and eNBs may be
physically collocated. Such mBs and ¢NBEs may have separate logical functions. An mGW
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may be configired to provide the network with additional wired, fiber, and/or P2P PoP aside
from: the ¢cNB, which may provide officad of mmW user traffic from the oNB, for example.
In such an example, the ¢NB may be responsible for providing control for numW traffic.
(0071 Procedures to convey information between the mGW and mUEs may be
mplemented, for example in accordance with a dense deployment of mBs and/or high aceess
{ink data rates. Oue or more mbBs may be deployed close to cach other, for example in
accordance with the relatively short range of nvaW transmission and/or due to high path-loss
{c.g., penetration loss). The coverage area of an ¢eNB may thus include a high number of
mBs. It may be undesirable to establish direct physical connection betweon cach mB and an
associated mGW. Procedures may be implemented to convey information botween the mGW
and one or more associated mUEs. Mesh mmW networking may be implemented, for
example, as a candidate solotion that may overcome the impracticality of fiber comections,
or as a substitute for long mmW links, and may be implementied to encompass a relatively
wide arca coverage for an mmW communications systern.

(0072} FIG. 2 depicts a block diagram of an example commmications system 200
that mcludes a cellular communications system and an associated millimeter wave (mmW)
communications systerr. The commuuications systern 200 may inchade one or more MMEs
and/or 5-GWs 202, one or more eNBs 204, one or more mbBs 206, and an mB management
system (mB-MS) 208. The cellular commumications system may be, for example, an evolved
UMTS terrestrial radio access network (E-UTRAN or Evelved UTRAN). The example
architecture of the communications systern 200 illustrated 1o FIG. 2 may be tmuplemented, for
example, in accordance with a radio network evelution (RNE) system model. Ag shown, the
communications system 200 includes at icast one oNB 204 that is coliocated with at least one
mb 206, and may be referred 1o as a coliocated deployment.

[0073] In & collocated deployment, the collocated mB 206 and the eNB 204 may be
assumed to be physically located in a single chassis, such that the mB 206 and the eNB 204
may communicate without the presence of a physical link. The mB 206 and the eNB 204
may be physically the same device, but may be logically defined as two separate functional
entitics. For example, the eNB 204 may be responsible for LTE RAN operation on the
Licensed LTE spectrum, and the mB 206 may be responsible for operation in the mmW band,

for instance using cither LTE or non-L'TE radio access technology.
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(00747 {Ome or more of the mB 206 nodes may inchude respective logical interfaces to
one or more MME/S-GWs 2072 and/or one or more neighboring mB 206 nodes, for example
via one or more Sx interfaces and/or mB-X2 fnterfaces.

[0075] An Sx interface may support configuration of the mbB 206 from an MME 202
node. In an example implementation, the Sx nterface may be sphit into Sx-MAE and Sv-U,
where Sx-MME may be an interface to an MME and Sx-U may be an mterface to an 5-GW.
In another example implementation, the 51 Uderface may be extended, for example with
additional configuration messages and/or parameters, 50 as to allow operation and/or
management of the mB 206 node.

[0076] Une or more mi3-X2 interfaces may be established, for example between mB
206 nodes. An mBB-X7 interface may be implemented, for example, as an optional logical
mterface between mB 206 nodes. The mB-X2 interface may be split wnto mB-X2-Control and
an mB-X2-Data, for exanple to carry control plane messaging and user plane messaging,
respectively, between mB 206 nodes.

(0077} These logical interfaces may operate over any suitable physical interfacing
options, and may be configured to operate in accordance with Layer 2 and/or Layer 3
messaging {e.g., 1P and/or GTP).

[0078] Each mB 206 node may be managed by an associated mB-MS 208, which may
provide an operations, administration, and maintenance (OAM) interface, for example to
support startop, initial configuration and/or management of onc or more mB 206 nodes.
(00791 FIG. 3 depicts a block diagram of an example coromunications system 300
that inchudes a cellular communications system and an associated millimeter wave (mmW)
communications system. The communications system 300 may include one or more MMEs
and/or 8-GWs 302, one or more eNBs 304, one or more mBs 306, and an mB management
system (mB-MS) 308, The cellular comnumications system may be, for example, an evolved
UMTS terrestrial radio access network (E-UTRAN or Evolved UTRAN). The example
architecture of the communications sysiem 300 illustrated o FIG. 3 may be traplemented, for
example, in accordance with a radio network evolition (RINE) system model. As shown,
because there 15 not an eNB 334 and an mB 306 that are collocated, the commumications
system 300 may be referred to as a non-collocated deployment.

(GOS0 Une or more of the mB 306 nodes may inchude respective logical interfaces to
one orf more MME/S-GWs 302 and/or one or more neighboring mB 306 nodes, for example
via one or more Sx interfaces, one or more mB-X2 interfaces, one or more X2-C” interfaces,
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and/or X2-U” mterfaces. One or more of these interfaces may be implemented in the E-
UTRAN sub-system, for exampie.
(0081} An Sx interface may support contiguration of an w3 306 from an MME 302
node. In an example implementation, an Sy interface may be sphit into Sx-MME and Sx-U/)
where Sx-MME may be an interface to an MME and 8x-U may be an mterface to an 5-GW.
In another example implementation, an Sx-U interface may be optional, for example where
user-traffic for mBs 306 is routed via the eNB 304 1o which the mBs 306 are connected.
(00327 {me or more mB-X2 interfaces may be established, for example between mB
306 nodes. An mB-X2 inierface may be implemented, for example, as an optional logical
nterface between miB nodes 306, The mB-X2 interface may be split into mB-X2-Conirol and
an mB-X2-Daia, for example to carry control plane messaging and user plane messaging,
respectively, between mB 306 nodes.
(00837 An X2-C interface may be a logical interface that may be established between
an 1uB 306 and an associated eNB 304, An X2-C interface may be used, for exanple, for
exchanging control signaling for management, and/or for co-ordination and/or configuration
ctween the eNB 304 and the mB 306 nodes. For exanple, X2-C° messaging may carry
configuration for an fntial sctup. X2-C7 messaging may be initially sent over RRC signaling,
for example using a cellular connection, and may be subsequently ransitioned to control
messaging over a backhaol RAT. X2-C” messaging may be carried over a cellular
connection after initial setup. This may allow for power savings over the backhaui interface
providing, tfor example by allowing the mmW backhau! link to be tumed off completely
when there is no traffic present {e.g., X2-1").
(G084} An X2-U interface may be a logical interface that may be cstablished between
an mfB3 306 and ap associated eNB 304, An X2-U7 interface may be used, for example, for
data-planc messaging between the eNB 304 and the mB 306 nodes. In an example
implementation, an X2-U” interface may carry RLC PDUs and/or MAC SDUs that may be
sent to a UE through the mB 306 node. The X2-U” interface may be a per-UE, per-RB
mterface. 1P packets may be carried over the X2-U” interface.
10085} These logical interfaces may operate over any suitable physical interfacing
options, and may be configured to operate in accordance with Layer 2 and/or Layer 3
messaging (e.g., IP and/or GTP).
100861 Each mB 306 node may be managed by an associated mB-MS 308, which may
provide an operations, administration, and mamntenance (OAM) interface, for example to
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support startup, inttial configuration and/or management of ong or more mB 306 nodes. A
direct OAM interface may be established between the mBs 306 and the mB-MS 308, AnmB
306 may have a connection to an 1P network, For example, at startup the B3 306 node may
be commected to the IP network and may maintain an independent 1P address. This may allow
for a divect mterface to the mB-MS 308,

[(H87] FIG. 4 depicts a block diagram of an example communications system 400
that meludes a cellular communications systers and an associated millimeter wave (romW)
communications system. The commaonications system 400 may include one or more MMEs
and/or S-GWs 402, one or more eNBs 404, one or more mBs 406, and an mB management
systern {(roB-MS) 408, The cellular coranwmications system may be, for example, an cvolved
UMTS terrestrial radio access network (E-UTRAN or Evolved UTRAN). The example
architecture of the communications system 400 illustrated 1o FIG. 4 may be implemented, for
example, in accordance with a radio network evolution (RNE) system model. As shown,
because there 1s not an eNB 404 and an mB 406 that are collocated, the communications
system 400 may be referred to as a non-collocated deployment.

(G083} Une or more of the mB 406 nodes may inchude respective logical interfaces to
one or more MME/S-GWs 402 and/or one or more neighboring mB 406 nodes, for example
via one or more Sx interfaces, one or more mB-X2 mterfaces, one or more X2-C interfaces,
and/or X2-17 mterfaces. Ome or more of these interfaces may be implemented in the E-
UTRAN sub-system, for exampie.

R An S8x interface may support configuration of an mB 406 from an MME 4062
node. Inan example tmplementation, an Sx interface may be split into Sx-MME and Sx-U,
where Sx-A/AE may be an interface to an MME and Sx-U may be an interface {o an S-GW.
In another example implementation, an Sx-U interface may be eptional, for example where
user-traffic for mBs 406 1s routed via the eNB 404 to which the mBs 406 are comnected.
(00907 One or more mB-X2 interfaces may be established, for example between mB
406 nodes. AnmB-X2 interface may be implemented, for example, as an optional logical
mterface betwoen 1uB nodes 406, The mB-X2 interface may be split into mB-X2-Controf and
an mB-X2-Data, for example to carry control plane messaging and user plane messaging,
respectively, between mB 406 nodes.

(G091} An X2-C interface may be a logical interface that may be established between
an mB 406 and an associated eNB 404, An X2-C interface may be used, for example, for
exchanging control signaling for management, and/or for co-ordination and/or configuration
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between the eNB 404 and the mB 406 nodes. For example, X2-C” messaging may carry
configuration for an mitial sctup. X2-C” messaging may be initially sent over RRC signaling,
for example using a cellular connection, and may be subsequently transitioned to control
messaging over a backhaul RAT, X2-C” messaging may be carried over a cellular
connection after inttial setap. This may allow for power savings over the backhaul interface
providing, for example by allowing the mmW backbaul link to be turned off completely
when there is no traffic present (e.g., X2-U").

(0092} An X2-U" interface may be a logical interface that may be established between
an mB 406 and an associated eNB 404, An XZ-U7 interface may be vsed, for example, for
data-plane messaging between the eNB 404 and the mB 406 nodes. 1n an cxample
mplementation, an X2-U” mterface may carry RLC PDUSs and/or MAC SDUs that may be
sent to a UE through the mB 406 node. The X2-U interface may be a per-UE, per-RB
wterface. TP packets may be carried over the X2-U interface.

RUSSRY These logical interfaces may operate over any suitable physical interfacing
options, and may be configured to operate in accordance with Layer 2 and/or Layer 3
messaging (e.g., 1P and/or GTP).

(0094 ] Fach mB 406 node may be managed by an associated mB-MS 408, which may
provide an operations, administration, and maintenance (OAM) interface, for example to
support startop, initial configuration and/or management of one or more mB 406 nodes. A
direct OAM interface may be esiablished between the mBs 406 and the mB-MS 408, An mB
406 may have a connection to an [P vetwork. For example, at startup the B 406 node may
be comected to the IP network and may maintain an independent IP address. This may allow
for a direct interface to the mB-MS 408.

0095} Fach mB 406 node may be managed by an associated mB-MS 408, which may
provide an operations, administration, and maintenance (OAM) interface, for example to
support startep, initial configuration and/or management of one or more mB 4086 nodes. As
shown, the mBs do not have respective direct connections to an [P network, but may establish
respective cellular interfaces with an associated eNB 304, for example to obtain initial
configuration from the eNB 404. The eNB 404 may establish 2 connection to the mB-MS
408, and may provide configaration to the mB 406 nodes, for example when the mB 406
nodes attach to the cellular network using respective cellular connections. The mB 406 nodes
may directly or indirectly {e.g., via the eNB 406) connect to one or more other E-UTRAN
components,
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(30961 FIG. 5 depicts a block diagram of an example commmications system 500
that includes s collular communications system and an associated millimeter wave (mmW)
communications systerr. The commuuications systern 500 may inchade one or more MMEs
and/or 5-GWs 502, one or more eNBs 504, one or more mBs 506, and an mB GW 508, The
cellular commumnications system may be, for example, an evolved UMTS terrestrial radio
access network (E-UTRAN or Evolved UTRAN). The example architecture of the
conunurications system 500 illustrated in FIG. 5 may be implemented, for exanple, in
accordance with a radio network evolution (RNE) system model. As shown, the
communications system 500 includes at ieast one oNB 504 that is collocated with at least one
mb 506, and may be referred 1o as a coliocated deployment.

(00977 In & collocated deployment, the collocated mB 506 and the eNB 504 may be
assumed to be physically located in a single chassis, such that the mB 506 and the eNB 504
may communicate without the presence of a physical link. The mB 506 and the eNB 504
may be physically the same device, but may be logically defined as two separate functional
entitics. For example, the ¢NB 504 may be responsible for ETE RAN operation on the
licensed LTE spectrum, and the mB 506 may be responsible for operation in the mumW band,
for instance using cither L'TE or non-1.TE radio access technelogy.

[0098] The presence of the mB GW 508 may allow the one or more Sx interfaces
between the mBs 506 and an evolved packet core (EPC) to support a large number of mBs
506, for cxample in a scalable manner. The mB GW 508 may be configured o operate as a
concentrator for the C-Plane, for exarnple for the Sx-MME interface. One or more 8x-U
mterfaces from the mBs 506 may be terminated at the mB GW 508, A divect logical U-Plane
connection established between an associated eNB 504 and an S-GW 502 may be used. The
mB GW 508 may operate to perform the functions of an mB-MS, for example to support
startup, inttial configuration and/or management of one or more mB 506 nodes.

(30991 FIG. 6 depicts a block diagram of an example communications system 600
that includes a cellular communications system and an associated millimeter wave (amW)
conynurications system. The communications system 600 may include one or more MMEs
and/or S-GWs 602, one or more eNBs 604, one or more mBs 606, and an mB GW 608, The
cellular communications system may be, for example, an evolved UMTS terrestrial radio
access network (E-UTRAN or Evolved UTRAN). The example architecture of the
commumnications system 600 illustrated in FIG. 6 may be implemented, for example, in
accordance with a radio network evolution (RNE) system model. As shown, because there is
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not an ¢NB 604 and an mB 606 that are collocated, the communications system 600 may be
referred to as a non-collocated deployment,

[0100] The presence of the mB GW 608 may allow the one or more Sx inderfaces
between the mBs 606 and an evolved packet core (EPC) to support a large numnber of mBs
606, for example in a scalable wmanner. The mB GW 608 may be configured o operate as a
concentrator for the C-Plane, for exanple for the Sx-MME interface. One or more Sx-U
mterfaces from the mBs 606 may be terminated at the mB GW 608, A direct logical U-Planc
connection established between an associated eNB 604 and an S-OW 602 may be used. The
mB GW 6% may operate o perform the functions of an mB-MS, for example o support
startup, initial configuration and/or managemend of one or more mB 606 nodes.

(01017 Communications between an mUFE and an associated eNB {e.g., 204, 304, 404,
504, or 604) and/or an associated mGW (e.g., 308 or 608) may be achieved through one or
more mBs that are interconnected and may form an mmW mesh network., Mesh backhaul
may extend from an eNB and may require more than one hop. Inan mmW mesh network, a
large mimber of mBs may be within range of one or more other mBs, which may provide
many possible routes. In such an mmW mesh network, each mB may be able o reach one or
more neighboring mBs using wireless mmW backhaul links, for example when a wired
backhaul Hnk is not available.

(01027 Backhaul links (e.g., wired or wireless) between different mBs (e.g., mB to
mB}, and between ong or more mBs and other network devices {e.g., mGW nedes) may form
a mulii-hop mesh network, for example such that long backhaul links may not be required.
This may reduce capital expenditure. Backhaul reliability may be achieved via multiple
paths. Backhaul links between an mGW and one or more mBs may be significantly different
from the backhaul Hinks between ditferend 1oBs {c.g., mB to 0B}, for example in terms of
physical medivm used, such as mmW wireless links, fiber-optic links, or the ke,

[3103] Link adaptation techniqoces may be employed in the backhaul (e.g., HARQ and
fast AMC), such that cach link may operaic nearer to a corresponding channcl capacity. This
may support greater spectral efficiency. For example, cach node in a routing path of a
packet, or part of a packet or a bundled packet, may use an estimated channel guality to sclect
a mwost appropriate MCS for a desired TP and 8 max number of HARQ re-transmissions.
[0104] AMC may be slow and conservative, and HARQ may be omitted, for example
to support lower latency and/or lower overhead. For example, a mindnnm expected link
guality in a full routed path of a packet may be ased to define an MCS so that there is a high
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probability of delivery without one or more nodes (e.g., each node) in the path re-encoding
the packet to better match the link capacity of the links used to deliver the packet from B to
mb.

[01065] In an example, one or more mesh nodes may employ amplify-and-forward
transmission, such that they amplify a received analog signal and forward the amplified
signal to a neighbor mesh node in the route. A determination of an amplification factor may
be done locally (e.g., at each node), and may depend on one hop backward and forward
channels.

[G106] In snother example, onc or more mesh nodes may employ decode-and-forward
transmission, such that each node decodes the packet and forwards it to a next hop in the
route. During a decoding and re-encoding process, one or more errors in the packet (e.g.,
errors created due to noise accumulation during AF transmission) may be corrected. The
MCS of the packet may not be affecied, such that rebundling may not be required, and such
that low-latency transmission may be achieved.

[0107] In another example, an eNB may determine the MCS of the packet and may
imform one or more nodes that pass the packet through the mesh network. This may be valid
for both amplity-and-forward and decode-and-forward transmission. The eNB may obtain
channel conditions, butfer conditions, etc. from one or more nodes in the network, and may
calculate a best possible MCS. This information may be conveyed by one or more mesh
nodes to the eNB, for example through one or more cellular layer control messages such as
PUCCH. The MCS of the packet may be conveyed to the nodes via PDCCH.

[0108] A backhae!l link and access hink may use the same frequency resouorces, and
may enjoy benefits from trunking efficiency and/or directional transmission. Signal

transmission from an mGW 1o an mUE may involve route determination botween the mGW

and the mUE, melading one or more mBs in between, such that joint RRM of backhaul and
access links may be implemented. In other words, in 2 scenario where aceess and backhaul
may simultancously contend for at least some of the mmW spectrum, routing and/or
schedubing may be considered jointly.

101091 I separate bands are available in an mmW band, for example if the 60 GHz
anlicensed band is channelized into several 2 GHz channels, one or more orthogonal bands
may be vtilized both for access links and backhaul links, Utilizing orthogonal bands between
access Hnks and backhaul links may separate short time scale RRM aspects of these links, bt
may slow channel assignments, for example if backhaul and/or access are yet to be
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negotiated. Per channel load information may be signaled to an mB-MS (e.g., over cellolar
radio resources), such that per link channels may be assigned to access or to backbaul,

[0110] A channelized band {c.g., 50GHz) may designate one or more channels in one
or more links as backhaul or as access. These designations may be changed, for example on
a frequent basis. For example, one or more mBs may sense an environment for availability of
channcls for access and/or backhaul, and may make designations autonomously. A
channclized band (e.g., 60GHzZ) may designate one or more channels in one ot more links as
joint backhaul and access.

(0111} Separate bands {c.g., 60GHz and E-band) may be used for access and
backhaul, respectively. This may separate access and backbaul radio interactions. The
separate bands may be used for special hinks, for example links expected to have particularly
heavy loads. For example, mOW to and/or from mB Hnks may use E-band, while mB to
and/or from mB links may use 60 GH=

(0112} Links between mBs and an mGW may be of various forms, for cxample ramW
{c.g., 60 GHz, E Band), fiber, copper, eic., such that a heterogenecous network is defined. The
same mmW spectrum may be used for both backhaul and access links, for exanmpie due to the
high directionality of sunW beams. In such an exaraple, a joint backhaul and access link
RRM for the mmW system may be implemented. The presence of a LOS path onone or
more backhaul links may be beneficial. The support of lmited NLOS may be desirable. This
may be accomplished by stoering beams arcund lossy obstructions, for example people. One
or more backhaul Hanks may provide respective ativibutes and/or capabilities to a backhaul
routing protocol. Such attributes and/or capabilities may include, for example, an average
link capacity, an average latoncy, an average (oS capability, an average SINR, an average
avatlability, a reliability, etc., which may be denoted as Cij. A mesh backhaul routing
protocol (MBRP) may be aware of corresponding states of one or more backhao] Iinks ma
system, along with their respective attributes.

(01137 Millimeter wave backhau! links may not be static, in contrast with the
backhaul links of typical celiular systerns. Mesh backhaul (mmW mesh backhaul) may
provide one or more alternative routes. [ a need for an mmW backhaul Hink is established
dynamically, an mumW backhaul link may be setup on the fly. This may provide an ability to
use resources where and when required, and may allow for efficient sharing of resources, for
example between access and backhaul. This may allow for more aggressive DRX and/or
power save schemes that may not be feasible in typical backhaul networks.
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(0114} In an example implementation, it may be possible to deploy mBs (e.g.,
deployed on lanp-posts) configured o operate above the ground (e.g., approximately 3m to
6m above the ground). Such mBs may encounter comparatively fow obstacles from mB 1o
mi3, even when deployed below roofiop. The mBs may communicate with each other, at
least via mmW layer, and may form a mesh network., One or more mBs {e.g., in close
proximity to an associated eNB or mGW) may forward traffic to these nodes. Access traffic
from multiple mBs may ulttmately be funneled to one or more backhaul links. The backhaul
Links may enjoy betier overall capacity, for example due to better and/or higher placement,
the use of larger anteunas at onc or both ends of a Hak, and/or less loss that may be ducto
beam tracking.

[0115] A ccliular communications system may have a degree of control over an
mmW network., The degree of control exerted by the cellular fayer may be configored at
various levels. The cellular layer may not have information about instantancous mB o mB
channel gains, interference, congestion, ote.; but may have statistical knowiedge abowt them.
For example, semi-static and/or slowly changing measurements may be reported to the
network regarding the mmW layer. This information may be conveyed by one or more mBs
to an associated eNB through periodic signals in the cellular layer, for example.

[0116] Utilizing the above-discussed information obtained from the mmW system,
the cellular layer may influence one or more routing protocol decisions with the long-term
routing statistics. By combining long-term network conditions obtained from the cellular
layer (that might be in the form of a suggested route to be followed and/or one or more route
segments to avoid) along with the instantaneous channel, traffic, ctc. conditions at hand, the
mBs may decide a next step (e.g., a next mB) in the route. One or more mBs may be
configured to periodically report average Hink qualitics, availabilitics, and/or tnderference
measures to one or more neighboring mB3s, and/or access link loads, to the cellular layer. The
cellular layer may provide suggested routes to the mB mesh network, for example based on
such information. The mB mesh network may use these routes to bias ong or more short term
routing decisions towards those provided by the cellular layer. The suggested routes may be
on a per UE-traffic class basis, for example.

[0117] The mBs of an mmW mesh network Node (mB) may be configored with
various capabilities {¢.g., the same or different capabilitics on a per mB basis). For exanple,
one or more mi3s may be configured to operate in decode-and-forward mode with buffering
capabilitics. One or more mBs may be configured with joint reception and transmission
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capability by forming multiple strmultaneous beams. For example, each mB may be
configured o support multiple Rx beams or multiple Tx beams at the same nstant (e.g.,
substantially concurrently). Each mB may be configured to coploy a degree of spatial
separation via beam forming, for example through multiple antennas per mB or through
supporting multiple beams from an antenna array.

[(E18] One or more mB may be configured with multiple Rx beams that may receive
differcut data from difforent sources. The different sources may be a mixture of access
and/or backbau! link traffic. One or more mB may be configured with meltiple Tx beams
that may transmit different data to different receivers. The different receivers may be a
mixture of access and/or backhanl link traffic. A routing algorithm may be implemented to
be compatible with this feature.

[0119] An mB may be configured with multiple antenna arrays, switched arrays of
horps, otc. The mB may have physically separate arrays for Tx and Rx, or the arrays may be
shared. If an mB is configured with separate arrays for Tx and Rx, the mB may be
configired not to perform Tx and Rx operations at the same time in the same band. Routing
decisions may take this info account, such that routing may not assume that an mB may Tx
and Rx at the same time  the same band. One or more mBs may have recent channel state
mformation {CS) pertaining to the links of one or more neighboring mBs {e.g., first hop
mBs}. One or more mBs may employ AMC and/or HARQ with one or more other mBs, for
example an mB to which one or more packets may be routed in a next hop.

[0E20] An mB may be configured to screen one or more channels periodically, for
example to identify mB nodes added to the system. Periodicity and configuration procedures
of the channel screening may be implemenied. One or more mBs may be configured to
perform packet re-segmentation and/or bundling. One or more routing schemes and/or REM
may be optimized accordingly. In this way, one or more data flows {(e.g., for different UEs)

may be aggregated in one or more backbaul links. The one or more data flows may be

aggregated differently as the flows traverse the network.
[012id An mB may be deployved in a collocated or & non-collocated location with

respect to an associated eNB. When an mB is installed, the mIB device may be packaged with
an mB identification (mB ID}. The mB ID may be used to register and/or authenticate the
mB in the network, for example when the 1B is powered on. When an mB is powered up on
a network, information may be provided to an operator of the network. This information may
be parameters including a location of the mB device installation, a list of mB subscribers
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{c.g., registration data}, access control restrictions that mB device is to be operated in
accordance with, otc. Access control information may be in the form of a subscription
validation list, a subscriber’s authentication preferences, policy parameters, and so on. The
radio parameters of the mB may be sct to a default configaration when the mB is powered on.
14122} After being powered up, the mB may interface with an associated mB-MS
(e.g., during an mB sctup procedure). The mB may obtain configuration parameters (e.g.,
from the mB-MS) that may include one or more of: frequencies for DL and/or UL; a
scrambling code list; a radio channel bandwidth that may be provided during a booting
procedure by an operator over 8 backhau! fink; a geographic location, routing and/or service
arca code Jnformation; a list of neighboring mBs; a physical cell 1D; and one or more RF
parameters {e.g., pilot and maximumm data power, and the hke).

[4123] An mB may be configured to calculate some of these configuration
parameters, for example using information on the macro-cell layer that may be provided by
the operator, and/or from information on the B layer provided by the jostaller and/or user of
the mB (e.g., registration data). Depending on the capabilities of the mB, this configuration
imformation may be provided to the mB etther directly through connection to the mB-MS, or
may be provided to the mB via ap associated eNB.

11241 An mB may be mstalled in a collocated deployment with an associated eNB
device. When a collocated mB s powered up, or when an mB starts up with a connection to
an IP network, the mB may connect 10 an associated mB-MS. Through communication with
the mB-MS, the mB may be autheunticated and/or registered into the system as an operative
device {e.g., over an CAM interface), may obtain configuration parameters, and the like.
FIG. 7 illusirates an example setup procedure 700 for an mB that is collocated with an
associated eNB device,

131257 An mB may be mstalled in a nov-collocated deployment, for example as
described herein. Upon being powered on, a non-collocated mB may be configured to
wterface with an associated mB-MS. In an cxample, the mB may have a direct interface to
the mB-MS. The mB may have a connection to an 1P network, such that the mB node may
be connected to the IP network at startup, and may maintain an independent 1P address. This
may allow the mB to establish a direct interface to the mB-MS. In another example, the mB
may interface with the mB-MS via an associated eNB. The mB may not have a direct
connection to an [P network, but may have a cellular interface that it may use, for example, to
ghbtain initial configuration from the eNB. The eNB may connect to the mB-MS, and may
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provide configuration information to the mB node, for example when the mB attaches to the
network using the cellular connection. An mB node may directly or indirectly {¢.g., through
the cNB) connect to one or more other E-UTRAN components.

[0126] An mB may be configured to perform eNB discovery, for example when the
mi is powered on (e.g., during an mB setup procedure). In an example, the mB may have
cellular capabilities and may perform cell selection to discover a suitable eNB, for cxample
hased on one or more of eNB capabiltties, sigoal strength, an operator white Hist, a list of
PLMNSs supported, cte. The suitability of an eNB may be determined, for example, by
reading eNB capabilitics sent on the systom information that may include one or more of
back-haul RATs supported, back-haul capabilitics, a capacity, a load, a QoS supported, and
the hike. In another example, the mB may discover the eNB by using backhaul RAT
discovery procedures, for example one or more beacons on 802.11ad with eNB indication,
[(27] FIG. 8 illustrates an example setup procedure €00 for an mB that installed in
accordance with a non-cotlocated deployment. The mB may have a direct interface 1o an
associated mB-MS. The mB may perform mB start-up and mitial configuration procedures
using a direct connection to an iP network, for example, The mB may obtain mB-MS
configuration information divectly. The configuration information may include ouve or more
of a candidate list of eNBs that the mB may choose from based on signal strength, ¢NB3 back-
haol RAT options, eNB back-haul RAT capabilities, and the like.

[(1128] FIG. ¢ illustrates an example setup procedure 900 for an mB that installed in
accordance with a non-collocated deployment. The mB may have an indirect interface to an
associated mB-MS {e.g., via an associated ¢NB). The mB may perform mB start-up and
mitial configuration procedures using celular discovery of eNB, for example. The mB may
sclect & suitable ¢NB, for example based on suitability criteria. Such suitability criteria may
melade one or more of received signal strength, eNB back-haul RAT options, eNB back-haul
RAT capabilitics, and the ke, The eNB may advertise its capabilitics using broadcast
messaging, for example system information in a cellular system, or beacons o an 802, 11ad
system. The cNB may advertise its capability to operate as a back-haul ¢NB, for exanple
such that an B may recognize the eNB as a candidate eNB. The mB3 may obtain mB-MS
configuration information indirectly. For example, the mB-MS may send configuration to the
eNB, and the eNB may configure the mB based on this information, for exanple using RRC
signaling. The mmW transmission capability of the mB, for example including transmission
power, antenna gain, Tx range-capacity data, etc., may be exchanged with the ¢eNB. The eNB
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may use this information in 8 recommendation process of mB neighbor candidates to one or
more other mBs.

[0129] After the initial start-up procedures for the mBs of an mB network are carried
out, a capacity of the mB backhaul system may be determined. The respective deployment
scenarios of the mBs (e.g., co-located and non-colocated mB and eNB) may provide
different mesh connectivity options among the mBs comprising a backhaui network. The
backhaul capacity information (e.g., respective capacity of cach mB to 1aB hink) may be
integral to the backbaul-access link RRM and/or to corresponding roating protocols.

[0130] After the respective initial start-up procedures of the mBs in the mesh
backhaul system are completed, the ;B to mB link capacity may be determined, for exanple
by measuring respective signal powers and/or interference powers between the mBs for
possible Tx and/or Rx beam combinations. This process may be performed with aid from the
ceilular system. This information may be used to initiate mB to mB link establishment and/or
may be input tdo a routing algorithm. FIG. 10 depicts a block diagram of an example mB
mesh backhaul system 1000, with inttial link measurement.

[0131] In an example procedure of admitting a candidate mB into an mB mesh, cach
candidate mB may obtain an initial mesh neighbor candidate set. An associated eNB may be
non-collocated with respect to an associated mB-MS. n an example of obtaining this set, the
eNB may inform the candidate mB regarding the locations and/or respective distances of one
or more the neighbor mBs {¢.g., mB 1Ds and corresponding goographic locations) that are
available and may be willing to establish connections i order to form the mesh. Respective
directions of locations of one or more neighbor mB nodes may be incorporated into the
location information.

[0132] In another cxample, a candidate mB may attempt 1o decode respective signals
transmitted by one or more neighbor mBs {e.g., beacons) in order to obtain basic information
(e.g., location, mB 1D, etc.}. The candidate mB may perform this, for example, by sweeping
iis receive beam and/or by employing omni-directional reception. Upon identifying one or
more potential neighbor nBs, the candidate mB may inform the eNB abowt these nodes {e.g.,
via a candidate neighbor list). The eNB, based on capability information received from one
or more other mBs, may send acknowledgment information to the mB. The
acknowledgement imformation may indicate whether the mB should consider the mBs in the

list as potential neighbors ov not. The capabilities of one or more mBs n the set, such as
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maximum transmission capacity, etc., may not be safficient for the mBs to be considered as
candidate mesh neighbors.

10133} In another example, the mB may attempt 1o decode the respective beacons of
one or more neighbor mBs, for example by utilizing location information obtained by the
eNB. Depending on the neighbor mB location information, the mB may narrow and/or refine
iis receive bears in this direction and/or in one or more other directions {e.g., adjacent
directions).

[0134] The admission of 3 candidate mB nto an mB mesh network may be assoctated
with the cstablishment of an average signal strength {¢.g., propagation losses plus antenna
gains) of the candidate mB relative to one or more (¢.g., cach) of the neighboring mBs, when
the neighboring mBs have their beams pointed in respective divections that would be used to
conumunicate with each other.

[3135] For cach such link, interference caused by transmission to and/or from the
candidate mB may cause interference to ene or more other seighbor mBs. This imterference
may depend, for example, on the propagation channel and on the respective directions that
one or more neighbor antennas are directed. For each such transmission, there may be KT =
Ky + Ko +.. .+ Ky interference measurements, where Ky may be the number of possible
pointing divections for mB M. For analysis of a backhaul network, the pointing divection of
the antennas of one or more neighbor mBs may be towards one of a imited number of other
mis. In contrast, for an access link analysis, the direction of the access link may be drawn
from a much larger set of other mBs.

[0136] To illustrate, an example mB signal and/or interference measurement
procedure for a mesh mB backhaui system is described. A deployment scenario of non-
cellocated mBs with cellular connection capabilities, as described berein, is considered. An
mitial procedure for an mB to be admitted to the mesh network 1s considered.

(31371 A candidate mB (e.g., a device that desires to become an mB) may first
connect to an associated celhular network {c.g., in a2 maonner similar to a UE) and may request
1o join the mmW network. The candidate mB may read SIB information, for example to
determine whether the eNB supports an mmW layer and/or layers, and may extract minimum
requirements of an mmW mesh layer. Such minimom requirements may tonchude, for
example, one or more mmW bands, a minimum data rate, a Tx power, an antenna gain, a

mimber of simultancous Tx, a number of simubtancous Rx, and the hke.
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[0138] The candidate mB may check these requivements against its own capabilities.
1f satisfied that the requircments will be met, the candidate mB may make a request {e.g., via
RRC signaling) fo join the mesh network, The candidate mB may send its mB-1D. The
request may include other information, for example location coordinates, that may help an
associated eNB decide whether the approximate location of the candidate mB may be
beneficial.

(01391 The eNB {e.g., an mB-MS5) may deny the request, may request mB capability
class information, or may inttiate HO to another eNB. An HO may be due, for example, to
cNB capabilities, PLMN exclusion, ctc. The eNB may inform an associated mB-MS
regarding the HO decision. The eNB may convey information regarding one or more
preferred eNBs obtained from the candidate mi3 to the mB-M3. The candidate mB may
select the preferred ¢NBs based on one or more eriteria, for example received signal strength,
support of mmW, ofc,

101401 The candidate mB may send the eNB (e.g., the mB-MS} the 1ol capabilities
mformation and/or the mB-1D of the mB, for exampie if the mB-MS responds with the
request.

(0141} The eNB (e.g., the mB-M3) may authenticate the mB-1D of the candidate mB.
One or more UE authentication procedures (e.g., AS and NAS) may be apphed for
authentication, for example.

(1142} The candidate mB may obtain a candidate mesh mB neighbor list, for exampie
m accordance with an nitial mesh neighbor candidate set as described hercin,

[0143] The ¢NBE may deny the reqoest or may proceed to test the candidate mB for
conformance. The eNB may initiatc beam acquisition procedures, for example as if the
candidate B was a UE requesting mumW resources, with one or oore mbBs in the nimW
network {e.g., including the eNB if it s co-located with an mB). Before inttiating the beam
acquisition procedure, the eNB may inform one or more mBs in the candidate set regarding
the intent of the candidate mB o perform beany acquisition procedures with the one or more
mBs. The information conveyed may be used in a beam refinerment procedure between one
or mwore of the mBs. The information elements may include, for example, a beam acquisition
start time, a doration of beam refinement, a naomber of beams to be tested, etc.

[0144] i initial beam acquisition is successful, one or more data rate and/or link
stability measarements of the link may be made. An enhanced mmW neighbor list may be
created. The candidate mB may enter a mode of frequent updates to the neighbor Hat. In
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addition to Hnk gualitics, historical traffic patterns and/or historical backhaul lvad beyond the
neighbor list may influence the preferred location of the candidate mB and may be included
in the enhanced neighbor fist.

[0145] Deployment aid information may be sent to the candidate mB. The
deployment aid information may be in the form of suggested new approximate coordinates of
the candidate mB, such that one or more other mBs may be added to the neighbor list, for
example. The deployment aid information may be in the foro of feedback of signal strength
over small candidate mB position changes, for example to help avoid shadowing of small
fixed objects like lampposts.

[014a] The candidatc ;B and the mB-MS may negotiate the physical position of the
candidate mB, for example by frequent updates of the deployment aid information. In
positions and/or orientations acceptable to the network, the candidate mB may request an End
of Position Negotiation.

101471 After a physical position and/or orientation of the candidate mB is fixed (e.g.,
after an ACK of an End of Position Negotiation request), the mB-MS may coordinate a
measurement campaign between the candidate mB and one or more mBs in the enhanced
o W neighbor ist, as described herein. During this process, a beam refinement stage may
be entered between each mB in the list and the candidate mB, in which the beam directions
may be further refined, for example to maximize signal strength in the desired Rx.

(0148} One or more quist periods may be forced {(e.g., sparsely) into ong or more
nearby mBs and/or mUEs, so that one or more better signal strength measurements (and
variability) for all the mB to mB links, on a per beam direction basis, may be made, for
cxample as described herein. The eNB may coordinate the scheduling of cach mB it is
attached to, in order to schedule the signal strength measurement campaign. For example, the
eMNB may schedule each neighbor mB pair using 2 TDMA fashion, so that they do not
mterfere doring the measurement campaign. If there are any, mB pairs that are physically far
apart may be scheduled simultancously by the oNB, in order to accelerate the process.

[(1149] For each mB in the list and the candidate mB, specific Rx and/or Tx beams
used may also be scheduled so specific interference measurements may be made. An
assoctated eNB may determine an nterference measurement schedule, and may provide this
schedule to one or more mBs. One or more mBs may, based upon the interference

management schedule, determine where (e.g., with respect to direction} and/or when to point
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their respective Tx and/or Rx beams, for example during an interference measurement
campaign.

[0150] For example, a candidate mB may point to an mB_3, and mB_5 may point to
the candidate mB (for a signal measure), and one or more other mBs in the Hst may point Rx
beams to specified mB neighbors to get measures of interference when they are receiving
from those specified beam directions. Measuroments may be made in both directions (2.5,
candidate mB to mB and mB to candidate vB3). The measurements of the desired sigoal
and/or the neighbor interference strengths may be sent back to the mB-MS, and a suitable list
of mB mesh links may be selected and/or may be signaled to the candidate mB and/or one or
more other affected aBs.

[0151] Recommended power levels may be incorporated. One or more short links
may be able to make use of a very high SINR, but may cause a near far problem with one or
more other hinks, For example, the eNB may order one or more mBs to adjust their
respoctive radiated transmit powers, for example by changing the Tx power and/or antenna
gain at particular beams, in order to reduce interference at one or more neighbors. The power
adjustment of the beams may be iterative, such that the radiated beam power may be
repeatedly changed as a measurement campaign at a particular mBs is carried out.

101521 A beam shape refinement operation {¢.g., for one or more beams used in the
list of mesh Bnks) may be performed. During beam refinement, the respective beam shapes
of the candidate mB and one or more affected mBs may place nulls, or may otherwise alter
the beam shape, in order to minimize interforences. Example interfercoce may inchude
mterferences cansed by transmissions of the candidate mB and the one or more affected mBs
i the respective Rx beams of other mBs., One or more Tx beams may be modified to reduce
interference, for example for one or more worst cases. Example interference may include
mierference seen by transmissions from one or more mBs on the respective Rx beams of
other mBs. One or more Rx beams may be modified to reduce interference, for example for
ONC OF MOTe WOTSt Casces.

(01531 Once the affected mBs and the candidate mB acknowledge the updated mesh
Iink list, the candidate mB state may be made *mB’, for example by the eNB. One or more
other mBs of the mB mesh network may be notified of the candidate mB joining the mmW
mesh network. Backhaul tratfic may be routed through the accepted candidate mB, and the

celludar system may request that the accepted candidate mB service access Hink traffic.



WO 2013/170169 PCT/US2013/040576

[0154] An example mB direction discovery and interference measurement procedure
may include time division, a discovery phase, and an output. During time division, a
representative notwork composed of mBs, for example as depicted i FIG. 10, roay be
considered. The mBs {e.g., mB1 ... mB) may be configured to learn possible beam
directions between cach other and/or may be configured to measure interference levels
between each other.

(01557 Each mB may be allocated one of 2 number of predetermined {(non-
overlapping) time slots for signal measurement. In order to shorten an overall link
cstablishment period in the system, one or more mBs with sufficient spatial separation may
sinultancously apply measurernent procedures. The celiular laver may determine which mBs
may fransmit beacons (e.g., beams) that may be used for signal measurement, and may
provide synchronization {e.g., start and end times of the Hnk acquisition periods). One or
more techaigues, such as spreading and/or FDM, may be empioyed to further cnable
separation of mB signals.

10156} During the discovery phase, one or more beacon transmissions and/or signal
measurements may be performed. A schedoled mB may perform beam steering. For
example, the scheduled mB may transmit one or more beacons in a predetermined direction
dir for each antenna array, where dir = (0,9,9) with o,8,¢ € [-n/2,7/2] at a given time. One or
more receiving mBs in the enhanced neighbor mB list may Hsten to the beacon transmissions
by the scheduled mB. A fixed step-size may be assumed for each angular transmission. Each
array may be denoted as k, k=1, 2, ... N. To illustrate: =[0,t1] : mB7 beam steering,

{mB4, mBS mB8} lsten and measure signal and interference strength (assuming 2nd tier mBs
and beyond do not receive); and t={11,12]: mBY¥ beam stegring, {mB7 mB4,mB5 mB6,mBY}
listen and measure signal and wnderference strength.

[0157] For a scheduled mB, for example during a time duration [tm,tn], the following

may be followed.

k=1,

for array =k

[(}158] One or more neighboring mBs may listen to the transmitting mB. For a select
angular transmission, dir, for array k of the transmitting mB, one or more receiving mBs may
measure the received signal by all antenma arrays {e.g., wide beam reception). For example,

separate measurements may be made for each possible Rx beam, or the array may be

¥
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configired to approximate a near-omni for a single measurement, or for a subset of
measurements.

101597 Fach mB may inform the celiular layer about the received signal powers at
each antenna array at the fransmission divection iy {and possibly for each possible Rx beam).
This may be repeated for all transmission directions. Alternatively, a best pointing direction
for cach mB may first be identified and information signaled to the network may be limited o
those relevant beams.

(0160 When the transmitting mB completes the beacon transmission at all dir {(e.g.,
completes beam sweeping), the cellular layer may order the received signals for all mBs and
their antenna arrays out of all possible anterma array and transmission direction
combinations, for example from higher to lower values. As an example, mB8& may be
dentified as having a highest received power from ifs receiving antenna array = A {assuming
near-omm reception), and for the transmission direction = 1. An ordered vector PmBRK
may be assumed, where cach entry gives a reccived power strength at a particular 1oB, its
antenna array k, and the transmission direction, dir. This vector may be considered as a
databasc which contains the received powers from all possibic fransmission beam (of a
particular mB), receiving mbB and s array, and transmit beam direction combinations.
Alternatively, in a case of separate Rx beam measurement at each array, the database may be
extended to include this information.

[(1161] This database may be refined, for exampic by employing a beam refinement
procedure between the candidate mBs that is saved at the ccllular databage as an ultimate link
SNR vahie. One or more interference measurement at the neighbor mBs may be carried out,

and may be saved at the database.

ind=1;

for ind < length(PmBRI)

[0162] For example, choose {Receiving mB, array, div] = PmBRK (ind). PmBRK
may be an ordered vector.

[0163] The cellular layer may schedule the transmitting mB and the receiving mB and
s particular array, to employ a beam refinement procedure.

(0104} After the beam refincment procedure is completed between the transmitting
and the selected recetving mB {e.g., after transmit beam refinement and receive beam

selection and refinement), the receiving mB may measure the received signal quality, and
34~
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may inform the cellular laver. This information may be stored in the cellolar database and

may be denoted as SNR "B

. This may be read as SNR at received mBr, transmitted by
mit from array k.

[0165] Une or more other mBs may measure the received signals upon the paired
miBs, to complete the beam refinement procedure. If the receiving mB already knows the
particular Rx beams it is allocating for the communication with the other mBs, then the
measurcment may be performed at these particular beams. 1 not, the measurement may be
performed at all arrays and this information may be stored in the cellular database. Each mB

H H H " T Btk TN mBX v Bk
i may provide an interference vector denoted by INR ™™ = [INRousii ™, INR 0™

i UL

s ey
INRanid™ ™1 that denotes the interforence power level at cach antenna array. [fthe Rx
beams are allocated to other mB fransmussions, the entry of this vector may contain the INR
value measored at these Rx beams.

[(1166] The celllar layer may combine the vectors to form an interforence matrix
INR™E = [TNR s PR INR ™ L INRmBI“‘BTJ‘:}, This may be the interference observed
by the mBs (e.g., mcluding all arrays) while mB k transmits and employs 4 beam refinement

procedure with mBr. The received SNR may be SNRus ™" at mBr).

ind=ind+1; may be looped for all possible combinations in the database
end
k=k+1, may be looped for cach transmit array k

end

[0167] Gutput may inclode refined link gains between each mB, and an array K with
the neighboring mBs. The mtorference matrix for one or more neighboring mBs (c.g., all
arrays} may cerrespond to this link cstablishment. The ordering of received powers may be
used to employ a fixed number of beam refinement procedures, in order to shorten the overall
Link establishment period.

[0168] FI1G. 11 illustrates an example mmW system 1100 with mmW mesh backhaul.
The network may include several small scale base stations denoted as mBs (mmW Base
stations}, which may be within the coverage area of at least one eNB. The user equipments,
mUEs, may be UE’s capable of operating at mmW and cellular links. In order to alleviate the
operational complexity of the cellular base station for mmW control, a logical entity called
mmW Gateway, denoted as mOW in Figure 11, may be introduced into the architecture. The

realization of the mGOW node may be achicved, for example, by implementing it as a separate
35
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physical entity or it may be co-located with an eNB or 3-GW. The mGW may provide the
network with additional wired/fiber/P2P PoP aside from the eNB, which may provide offload
of the rrnW user traffic from the eNB. The eNB may be responsible for providing control
for mmW traffic. The dense deployment of mBs and high access link data rates may
necessitate feasible procedures to convey information between the mOW and mUEs. The
relatively short range of mmW transmission due to high path-loss and penctration loss may
require the mBs to be deployed close to cach other, which may result in a bigh number of
mBs within the eNB coverage. For the same reasons, it may not be realistic to establish
direct physical connection between cach mB to the mGW. Procedures io convey information
between the mGW and mUEs may be required. Mesh networking is considered, which may
overcome the burdens such as impracticality of fiber connection, requirement for long mmW
tinks as well as relatively wide area coverage of mmW system, otc.

(31697 A mesh backhaul routing protocol (MBRP) may be provided. Issues for the
roarting protocol for the backhanl (BH) may include one or more of the following.

(01701 (Given the necessary information regarding the networks that may be
categorized as static, scmi-instantancous, and instantancous, nccessary routing paths may
need to be provided (e.g., paths with the best possible performance outputs such as capacity,
latency, and the like). FIG. 12 illustrates example inputs to an example MBRP).

(171} The static or slowly changing information may be aggregated and distributed
over a large geographic area. This information, while possibly more global, may not capture
quickly varying information. The mstantancous inputs may represent quickly varying
mformation (although this may include slowly varying information) and may extend to node
in the more immediate local. The categorization of the inputs may be application specific,
and, a general clagsification for RNE systern may be provided.

101723 Static Inputs may include mB node capabilitics. One or more of the following
examples may apply: Number of antenna arrays, decode-forward transmission; mB locations

(e.g., obtained from cellular layer); or the desired metric to be met by the BH: capacity,

delay,
10173} Semi-Static Inputs may include one or more of the following: average mB-mB

link gains and Interference Information (e.g., obtained from a suitable BH Link Measurement
Algorithm); average traffic load received/transmitied by cach mB; or mB antenna arrays
scheduled for access Ik transmission.

(01747 Instantancous nputs may include one or more of the following: instantaneous
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channel gains/availability botween mBs (and their arrays)/Buoffer status reports/possibly
reports from likely extended neighbors {e.g., 1 hop away).

101757 MBRF decision making cases may be disclosed. The routing decisions may
depend n part on the system information availability at the cellular layer. The overall system
nformation can be classified as described in FIG. 12, In the following, the MBRP may be
based on the cellular layer involvement, which may depend on the system information
available at eNB.

[0176] The cellolar layer may have average-term system information and may
provide long-term routing information. For example, the statistical information about the
mB3-mB link, e.g., the average link capacity Cy (1), may be stored at the eNB. The statistical
mformation about the traffic may be routed through the mBs. Based on the average mB link
gains, mnterference matrin and average traffic load conditions, the cellular layer may provide
the candidate paths {¢.g., with some metrics, such as reliability). It is up to the mBs to
determine which mB is to transmoeit o the next bop, ¢.g., depending on their instantancous
channel/traffic information. For instance, a particular mB {e.g., its array) may be allocated
for access scheduling, and may not be available for BH traffic.

(0§77} The cellular layer may provide semi-instantancous routing information. For
example, the cellular layer may have statistical information about mB-mB Hnks and the
traffic routed throogh the mBs. The mBs may inform the celhular layer regarding the access
fink scheduling i advance. The possible routes may be updated based on the access link
scheduling information and the mBs may be provided the updated routes. The mBs may
determine which node to fransmit, ¢.g., depending on the instantaneous information.

[0178] The cellolar layer may provide instantancous routing information. For
example, the cellular layer may be fnformed about the justantaneous link gains (¢.g.,
measured by the mBs), fraffic conditions, and/or access scheduling. The routing decision
may be made by the cellodar layer and each mB in the route may be informed.

(1797 The cellular layer overlay may aliow mimW mesh routing decisions to be taken
m a centralized fashion. By varying the periodicity of the parameter updates at the routing
ceordinator, different versions of the MBRP such as static, semi-instantaneous, and
imstantancous may be possible. Each version may have its own feedback rate and latency
requirements on the cclivlar control layer.

[0§80] An exemplary advantage of the cellular control layer is that it may allow
network traffic conditions to be factored into the routing decisions via a traffic-aware route

-
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selection metric. The celludar control layer may obviate the need for network flooding for
route selection. Along with a possible reduced network initialization delay, it may allow
faster route adaptation after transient events like node failure. Centralized and decentralized
MBRP may be disclosed, e.g., to show how existing protocels can be tmplemented within the
context of MBRP.

(1817 A centralized routing may be disclosed. In this MBRP, a distance vector
routing tree spanning from the mOW may be sought to be created. Here we consider a path
selection metric, e.g., Airtime Link Metric {C,} used in 802.11s standard, and show how the
routing protocol may be designed around it when directional Hnks and a separate control

layer are used. The Awtime Link Metric may be defined as follows:

B 1
=o)L

_
where

0. chamnel access overhead including frame headers, training sequences, access protocol
frames, ctc.

B, test frame length in bits (constant}

r: transmission data rate in Mbps for test frame size B,

@ test frame error/ioss rate for By

(0182} A waffic-aware version of the Airtime Link Metric may include a metrie such
as time fraction (£, } available at a node {or additional traffic. A new traffic-aware atrtime hink

metric may be defined such that
Cor = f(("ar tf)

where the function £{.) is independent of the enablement described next.

101831 How the celhilar assisted routing function may work for mmW divectional
communications may be disclosed. One or more of the following may apply.

[0184] After an mB is encrgized the initial BH link measorement and/or neighbor
discovery may take place. At the end of the inttial BH Jink measurement and/or neighbor
discovery, the mB may have an estimate of the link quality to cach of its neighbors {(e.g,,
either in terms of transmission data rate for a tost frame size or in terms of sigoal-to-
mterference-plus-noise ratio (SNR}). There may be no loss of generality in assuroing already

functioning neighbor mBs, which in the mitial case of the first mB joining the mesh may

a0
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mvolve ok formation with the mGW as a neighbor, if within range. The mB may create a
list of other mB-to-mB links that may cause its SINR to a neighboring mB to drop below a
pre-defined threshold, which may indicate potential divectional interfercnce. This may
become a part of a black-list at the ceniral routing coordinator, ¢.g., to avoid inter-mi3
mterference. The per-neighboring-mB hink quality estimates and the black-list may be
reported to the routing coordinator via messages on the cellular layer.

(01857 The coordinator may determine the best or an ordered set of paths back 1o the
mOW, e.g., based on the implemented path quality metric. Since the neighbor mBs may be
part of an already functioning mesh network, the routing coordinator may have previously
cvatuated the optimum paths for each of thom to reach the mGW based on their respective
cumuldative metrics. Recursion of this procedure for some or all mBs may generate the
optimum multi-hop paths to the edge nodes withowt resorting to network flooding. The
routing coordinator may increment the cumulative metrics for each of the neighbor mBs by
the path metric reported by the joining mB to determine the optimum or an ordered set of
metric valoes for the new mB. The best neighbor or an ordered set of neighbor mB identities
may be communicated to the joiming mB via cellular layer messages. The metric values for
cach neighbor mB may be delivered fo the joining mB for use in average-term input casc.
[0186] After inttial route setup the mesh network operation may depend on the type
ot network {c.g., static/semi-static/instantaneous}, and, there may be different procedures for
cach., When using average-term inputs, the controller may usc siatistical cstimates of the link
gualitics and traffic at cach node for route determination, and subseguent updates may
mvolve statistical quantitics, with minimal feedback commaunication between the mBs and
the controlier on the cellular layer. The mBs may maintain an ordered set of neighbor mBs to
use for forwarding traffic, ¢.g., to recover from link deterioration or toss between scheduled
route update messages. The switch from the optimum hink to an aliernate may be triggered
by a link deterioration determination, e.g., due to reduction in link margin on received
packets, non-receipt of ACK frame from the recipient, etc. Knowledge of the link metric for
alternate links may enable the choice to switch the link due to deteriorating link margin, c.g.,
by comparing against the next best available value. The link switch may be communicated to
the coordinator via a cellular laver message, which may updates its routing tables
accordingly.

[0§87] The case of semi-instantancous information may mvolve the mBs informing
the coordinator of their scheduling on the access link in advance, and may not affect the
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routing algorithm. This case may be the same as the average-torm case.

[0188] In the instantancous case, a link quality estimate for cach of iis neighbor mBs
and traffic load may be reported by cach mB to the controller at high frequency on the
cellular layer. The link quality cstimate may be based on the observed hink margin on the last
received frame and the fraffic load may be reported as the presently available time fraction
for wireless traffic. The routing decisions from the coniroller may be conveyed to the mBs
with high frequency, ¢.g., in torms of the best next-hop node identity. The controlier may
transmit routing nformation for an mB if it is different from the previous decision, to
decrease the control feedback traffic.

(0189} In case of node fatlure on the omW channel, the aftected node may notify the
routing coordinator of a failure on the cellular network, e.g., for rapid re-routing around the
failure.

(01901 Decentralized routing may be disclosed. FIG. 13 is an example process flow
1300 of contralized MBRP operation. It may be described how a deceniralized version of
MBRP may be implemented. For this, we consider the PMesh algorithm as an example and
show how the message exchange may occur over two available bands: the mmaW underlay
and the cellular overlay, One or more of the following may apply.

[0191] After an mB is energized the initial BH link measurement and neighbor
discovery may be performed. In the DMesh algorithm, physical tree formation may be
initiated by the periodic transmission of Host and Network Association (HNA) messages by
prospective Parent nodes on the omui-directional interface, ¢.g., to allow joining nodes to
discover existing mesh nodes. In MBRP, the cellular-layer may enable efficient neighbor
discovery for a joining mB. The HNA messages in MBRP may not be used for neighbor
discovery, but may be used for link quality evaluation of potential first-hop luks by the
joining mB. The HNA messages may be periodically transmitted by the potential next-hop
neighbors identified previously {e.g., potential Parent nodes in DMesh architecture) in a pre-
negotiated schedule to cnable the joining mB {(c.g., Child node in DMesh) to evaluate
mdividual link quality.

10192} The joining mB may inform the chosen next-hop neighbor and/or the other
candidates of its decision via celhilar layer messages. This may indicate {o the chosen next-
hop mB and the other candidates that they should stop transmitting HNA messages. The
HNA messages and the response from the joining mB may inchude their 1P addresses, which
may allow the receiving mB to associate its chosen beams, to communicate with the other
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mB, with the other mB’s IP address. This identity, which may be called Pointing P address
{iP}, may allow IP address based filtering, ¢.g., so that packets received from unintended mBs
via antonna side-lobes or even the main-lobe may be filtered out.

13193} The identificd Parent node may periodically transmit a READY message in
the direction of the Child node on the mmW layer. Upon successful reception of a READY
message, the joining mB may respond with a JOIN message in the chosen neighbor mB's
direction on the mmW layer, which may confum link set-up. Subsequently, the chosen
neighbor mB may transmit a ROUTE SETUP message to the ¢NB on the celhidar layer with
joining mB’s 1P addsess, ¢.g., so that routing tables can be updated.

[0194] The oNB may nwilticast the routing table update information to route members
along the tree from the edge mB to the mOW, e.g., via cellular layer messages. Similarly,
when an mB wants to switch parents {¢.g., due to better link quality evaluation to another
mi}, it may nform the eNB about the new next-hop mB (¢.g., Parent node in DMesh), and
the cNB may inform mBs along the old and the new trecs to the mGW 1o update thewr routing
tables accordingly.

[0195] FIG. 14 is an excmplary process flow 1400 of decentralized MBRP. Fora
general RNE system, the backhaul routing and access link scheduling may be interconnected.
it may be bencficial to design the access link scheduling considering the inputs from the
routing protocol. Such inputs may be composed of but not limited o one or more of the
following: the capacity of the candidate routes; delay information along the routes; traffic
ioad condition of the routes; and the like.

[3196] Backhaul-aware access link scheduling may provide better atilization of
access resources and QoS requircmoents. A proportional faimess metric may be defined that
may fnclude the inputs from the BH links, QoS requirernent for the application to be

transmitted 1o a particular mUE such that:
PF = f(PFgy, QoS PFy) (1)

where £} is the composite proportional fairness mairix to be determined (e.g., based on the
metric to be optimized), PF 4y is proportionally fairness metric for access Hink, PFpy is the
proportionally fairness metric for BH, and QoS is the quality of service requirement for the
application to be transmitted to mUE. PFgp is to be determined by the backhaul conditions
mentioned above.

(01971 A jount access link scheduling and BH routing protocol flow may be disclosed,
41
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which may assume the cellular layer has the average-term Hok gains. The eNB may have
short term information to the other mBs in its neighborhood. We may assume that the
routing tables arc already deteroined in etther centralized or decentralized mode, ¢.g., as
described herein, and the routing table information is available at the celhular layer. One or
more mUEs may already be associated with comvesponding mBs {e.g., each mUE may be
assumed to be associated to one mB) and cellular layer association/configuration may already
be established. One or more of the following may apply.

[0198] An mUE may be pinged by the cellular layer about data transmission in the
downlink. An mUE may search for mBs. Beam acquisition with the candidaie (e.g.,
neighboring) mBs may be coploved. The cellular layer may help with the beam acquisition,
e.g., the location of the mBs may be conveyed to the mUE. An mUE may obtain the chanmel
gains {e.g., after beam acquisition and refinement) with respect to cach candidate mB. This
nformation may be sent to cellular layer.

(01991 Using the access link channel gain obtained above, the eNB may identify the
possible routes to the mUE from the routing table obtained above. The relative metric of
cach route, ¢.g., capacity, may be calculated. The ¢eNB may inform one or more mBs
regarding the candidate routes, for example based on one or more average mmW channel
gains. The eNB may provide this mformation to one or more mBs, for example using the
cellular fayer. One or more mBs may be configured to select an actual next hop (e.g., ina
rouie) from a candidate set. The selection may be based, for example, on instantancous
mmW channel state information (CS1), for example as obscrved at an mB and/or at one or
more neighbor mbBs.

[G200] The cellular layer may order the possible routes with respect to their velative
metrics; e.g., Route 1 > Route 2> ... > Route N, where “>" may refer to having a betier
metric. The eNB may inform cach mB on the possible routes regarding one or more of the
following: the next mBs (hops) on the routes, ¢.g., mB b in Route §; mB ¢ in Route 2 for
mB_a; the average link gain to these mBs; the average gain between mB a and mB b; or the
average gain between mB_aand mB ¢, The mB that wishes to franstoif the packet on the
route may compare the instantancous Hnk gain with the average Hnk gain to the candidate mB
in the selected route. If the instantancous CSI is close enough to average link gain, the packet
may be transmitted to this mB. 1f the instantancous C81 is comparably worse than Average
link gain {e.g., worse than the average capacity in the other route), another route may be
selected and the above may be applied.

47



WO 2013/170169 PCT/US2013/040576

[0201] Although features and elements are described above in particular
combinations, one of ordinary skill in the art will appreciate that cach feature or clement may
¢ used alone or in any combination with the other features and clements. In addition, the
methods described herem may be implemented in a computer program, software, or firmware
meorporated in a computer-readable medium for execution by a computer or processor.
Examples of computer-readable media include clectronic signals (fransmitted over wired or
wircless connections ) and computer-readable storage media. Examples of computer-
readable storage media include, but are not hmited to, a read only memory (ROM), a random
access memory (RAM), a register, cache memory, semiconductor memory devices, magnetic
media such as internal hard disks and removable disks, maguoeto-optical media, and optical
media sach as CD-ROM disks, and digital versatile disks (DVDs). A processor in association
with software may be used to implement a radio frequency transceiver for ase ina WTRU,
WTRU, terminal, base station, RNC, or any host computer, Featurcs and/or clements
described berein in accordance with one or more example embodiments may be used in
combination with features and/or elements described herein in accordance with one or more

other example embodiments.
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What is claimed:

1. A method for configuring a millimeter wave (mmW) mesh network, the method
comprising:

receiving, from a candidate node configured for millimeter wave communication, a
request to join the mmW mesh network;

fransmitting, to the candidate node, a mesh neighbor candidate list associated with the
candidate node;

testing the candidate node, in accordance with the mesh neighbor candidate fist, for
conformance with the mm¥W mesh network; and

if the testing indicates that the candidate node conforms with the sumW mesh

network, joining the candidate node to the omW maesh network.

2. The method of claim 1, wherein the request is indicated in 2 message received from

the candidate node via a cellular access link.

3. The method of claim i, further comprising:
receiving, from the candidate node, an mmW base station identification associated
with the candidate node; and

authenticating the mumW base station identification.

4. The method of claim I, wherein testing the candidate node comprises initiating a
beam orientation procedure betwoen the candidate node and a mesh node from the mesh

neighbor candidate st

5. The method of claim 4, wherein testing the candidate node further comprises

providing information to the mesh node prior to initiating the beam orientation procedure.
6. The method of claim 1, wherein testing the candidate node further comprises
3 P

deternining at least one of signal levels between a mesh nede and the candidate noede or

interference levels between the mesh node and the candidate node.
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7. The method of claim 1, wherein joining the candidate node to the mmW mesh
network comprises transmitting a notification indicative of the candidate node joining the

W nesh network,

R. A network device, the network device comprising:

a processor configured to:

receive, from a candidate node configured for millimeter wave communication, 2
request to join the mmW mesh setwork;

transmoit, to the candidate node, a mesh neighbor candidate hist associated with the
candidate node;

test the candidate node, in accordance with the mesh neighbor candidate list, for
conformance with the nunW mesh network; and

if performance of the test indicates that the candidate node conforms with the mmW

mesh network, join the candidate node to the mmW mesh network.

9. The network device of claim 8, wherein the vequest is indicated in message received

from the candidate node via a cellular access link.

14 The network device of claim 8, the processor further configured to:
receive, from the candidate node, an mmW base station identification associated with
the candidate node; and

authenticate the mmW base station identification.

11, Thenetwork device of claim 8, wherein the test of the candidate node comprises
mitiating a beam orientation procedure between the candidate node and 8 mesh node from the

mesh neighbor candidate list.

12, The network device of claim 11, wherein the test of the candidate node comprises

providing information to the mesh node prior to initiating the beam orientation procedure.

13. The network deviee of claim §, wherein the test of the candidate node comprises
determining at least one of signal levels between a mesh node and the candidate node or

mterference levels between the mesh node and the candidate node,
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14, The network device of claim &, wherein the processor is configured to transmit a

notification indicative of the candidate node joining the mmW mesh network.

15. A method of routing cellular communications involving a wircless transmit receive
anit (WTRU) configured for millimeter wave {mmW) communication, the method
comprising:

receiving, via a cellolar access link, a request indicative of transmitting data via the
WIRL

performing beam acquisition with a candidate mmW bagse station;

obtaining chanmel gain information pertaining 1o the candidate mmW base station;
and

transmitting, via the cellular access link, the chamncel gain fnformation to a network

device associated with the WTRU.

16. The method of claim 15, wherein performing beam acquisition comprises receiving,
via the cellular access hink, location information pertaining to the candidate mmW base

station.

17. The method of claim 15, further comprising identifying, based upon the channel gain

mformation, a route for transmitting the data to the WTRU via mmW commuonication.

i8. The method of claim 135, further comprising comparing the channel gain information

to average gain information pertaining 1o the candidate mmW base station.

19, The method of claim I8, further comprising, it a difference between the charmel gain
mformation and the average gain mformation is within a predetermined threshold,

transmitting the data to the WTRU via the candidate nunW base station.

24. The method of claim 18, further comprising, if a difference between the channel gain
mformation and the average gain information exceeds a predetermined threshold,
transmuitting the data to the WTRU via a second mmW base station that is different from the

candidate mmW base station.
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