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(57) ABSTRACT 
A method and apparatus for cross link (XL) establishment 
and maintenance are disclosed in which the XL enables direct 
communication between the LTEWTRU and the another LTE 
WTRU. In the method and apparatus, a XL between a Long 
Term Evolution (LTE) terminal wireless transmit/receive unit 
(T-WTRU) and an LTE helper WTRU (H-WTRU) is estab 
lished and maintained. The TWTRU is configured to main 
tain the XL while in an XL-idle substate in which data com 
munication on the XL is disabled. A receiver of the TWTRU 
is configured to receive a first keep alive message on the XL 
in the XL-idle substate, and, on a condition that the first keep 
alive message is received, at least one processor of the 
TWTRU is configured to maintain the XL. 
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METHOD AND APPARATUS FOR CROSS 
LINKESTABLISHMENT 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

0001. This application is a continuation of U.S. patent 
application Ser. No. 14/363,457 filed Jun. 6, 2014, which 
claims the benefit of U.S. provisional application No. 61/568, 
533 filed on Dec. 8, 2011, U.S. provisional application No. 
61/676.599 filed on Jul. 27, 2012, and PCT application No. 
PCT/US2012/068440, filed Dec. 7, 2012, the contents of 
which are hereby incorporated by reference herein as if fully 
set forth. 

BACKGROUND 

0002. As user demand for wireless data services continues 
to grow, the deployment of network infrastructure to Support 
the user demand has proliferated. The increase in network 
infrastructure has been aimed at shrinking the size of wireless 
communication cells in order to increase network coverage 
and capacity for Supporting both a growing number of users 
and increased data usage by the users. One drawback of the 
increasing network size is the increased overhead due to the 
large amount of resulting mobility events. 
0003) To provide network coverage for an out-of-coverage 
device, wireless devices which are within network coverage 
may be used to relay data from the out-of-coverage wireless 
devices to the network. A cross link (XL) is established 
between the out-of-coverage device and the device having 
network coverage. The XL facilitates data traffic with the 
network. Further, when both devices are within network cov 
erage, the XL may be used to provide increased capacity to 
either device. 
0004. It is desirable to have a method and apparatus for 
controlling XL establishment between wireless devices, 
whereby the wireless devices may be in any one of a plurality 
of radio resource control (RRC) substates. It is also desirable 
for the method and apparatus to enable triggering and per 
forming a handover between infrastructure coverage and 
wireless device coverage. 

SUMMARY 

0005. A method and apparatus for cross link (XL) estab 
lishment and maintenance are disclosed in which the XL 
enables direct communication between the LTE WTRU and 
the another LTE WTRU. In the method and apparatus, a XL 
between a Long Term Evolution (LTE) terminal wireless 
transmit/receive unit (T-WTRU) and an LTE helper WTRU 
(H-WTRU) is established and maintained. The T-WTRU is 
configured to maintain the XL while in an XL-idle substate in 
which data communication on the XL is disabled. A receiver 
of the T-WTRU is configured to receive a first keep alive 
message on the XL in the XL-idle Substate, and, on a condi 
tion that the first keep alive message is received, at least one 
processor of the TWTRU is configured to maintain the XL. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0006. A more detailed understanding may be had from the 
following description, given by way of example in conjunc 
tion with the accompanying drawings wherein: 
0007 FIG. 1A is a system diagram of an example com 
munications system in which one or more disclosed embodi 
ments may be implemented; 
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0008 FIG. 1B is a system diagram of an example wireless 
transmit/receive unit (WTRU) that may be used within the 
communications system illustrated in FIG. 1A: 
0009 FIG. 1C is a system diagram of an example radio 
access network and an example core network that may be 
used within the communications system illustrated in FIG. 
1A: 
0010 FIG. 2A shows a terminal-wireless transmit/receive 
unit (T-WTRU) having a cross link (XL) with a helper 
WTRU (H-WTRU); 
0011 FIG. 2B shows cell or base station reselection for 
direct traditional link (TRL) establishment; 
0012 FIG. 2C shows cell or base station reselection fail 
ure for direct TRL establishment; 
0013 FIG. 3 shows a XL establishment procedure; 
0014 FIG. 4 shows the radio resource control (RRC) 
states of a WTRU: 
0015 FIG. 5 shows the RRC substates of a WTRU: 
0016 FIG. 6 shows an RRC state transition diagram for a 
WTRU: 
0017 FIG. 7 shows an RRC state transition diagram for a 
H-WTRU: 
0018 FIG. 8 shows an RRC state transition diagram for a 
H-WTRU: 
0019 FIGS. 9A and 9B show a messaging diagram for 
establishing a data connection over the XL for a T-WTRU in 
the XL-Idle substate; 
0020 FIG. 10 shows a mapping of the radio bearers on the 
TRL and the XL: 
0021 FIG. 11 shows a messaging diagram for origination 
by a T-WTRU in XL-Idle substate and a H-WTRU in an 
RRC-CONNECTED state; 
0022 FIG. 12 shows neighbor discovery and cell or base 
station reselection by a T-WTRU: 
0023 FIG. 13 shows a flow diagram for radio link failure 
(RLF) declaration on the TRL by a H-WTRU: 
0024 FIG. 14 shows a flow diagram for RLF detection on 
the XL by a T-WTRU: 
(0025 FIG. 15 shows a flow diagram for RLF declaration 
on the TRL by a H-WTRU: 
0026 FIG. 16 shows a message flow diagram of connec 
tion reestablishment for a T-WTRU: 
0027 FIG. 17 shows a message flow diagram of connec 
tion reestablishment for a T-WTRU 
0028 FIG. 18 shows handover from infrastructure cover 
age mode to W2W coverage mode: 
(0029 FIGS. 19A1 and 19A2 show a message flow dia 
gram of infrastructure coverage mode to WTRU-to-WTRU 
(W2W) coverage mode handover; 
0030 FIG. 19B shows a message flow diagram for the 
keep alive timer and the handover timer; 
0031 FIG. 20 shows a flow diagram for base station rejec 
tion of the RRC association request; 
0032 FIGS. 21A and 21B show a message flow diagram 
of infrastructure coverage mode to W2W coverage mode 
handover with association formation performed over the 
TRL: 
0033 FIG. 22 shows a message flow diagram for inter 
base station handover from the W2W coverage mode to infra 
structure coverage mode; 
0034 FIG. 23A shows handover between H-WTRUs in 
the W2W coverage mode: 
0035 FIGS. 23B1 and 23B2 show a message flow dia 
gram for backup H-WTRU selection and association; 
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0036 FIG. 23C shows a message flow diagram of the 
rejection of RRC backup H-WTRU association request; 
0037 FIG. 23D shows a message flow diagram for the 

utilization of an association timer and a keep alive timer, 
0038 FIG. 24 shows a message flow diagram for backup 
H-WTRU selection and association; 
0039 FIG. 25A shows a message flow diagram for han 
dover between the H-WTRU and the backupH-WTRU that is 
initiated by the H-WTRU: 
0040 FIG. 25B shows a message flow diagram for han 
dover triggered due to XL failure; 
0041 FIG. 26 shows a message flow diagram for data 
handling in handover with radio link control (RLC) unac 
knowledgement mode (UM); 
0.042 FIG.27 shows the downlink channels and the down 
link channel mapping for the XL: 
0043 FIG. 28 shows the uplink channels and the uplink 
channel mapping for the XL: 
0044 FIG.29 shows a frame structure for the PHY layer of 
the XL, and 
0045 FIG. 30 shows physical channel multiplexing for 
Subframes. 

DETAILED DESCRIPTION 

0046 FIG. 1A is a diagram of an example communica 
tions system 100 in which one or more disclosed embodi 
ments may be implemented. The communications system 100 
may be a multiple access system that provides content, Such 
as Voice, data, Video, messaging, broadcast, etc., to multiple 
wireless users. The communications 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 or 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. 
0047. As shown in FIG. 1A, the communications system 
100 may include wireless transmit/receive units (WTRUs) 
102a, 102b, 102c, 102d, a radio access network (RAN) 104, 
a core network 106, a public switched telephone network 
(PSTN) 108, the Internet 110, and other networks 112, though 
it will be appreciated that the disclosed embodiments con 
template any number of WTRUs, base stations, networks, 
and/or network elements. Each of the WTRUs 102a, 102b, 
102c, 102d may be any type of device configured to operate 
and/or communicate in a wireless environment. By way of 
example, the WTRUs 102a, 102b, 102c, 102d may be con 
figured to transmit and/or receive wireless signals and may 
include user equipment (UE), a mobile station, a fixed or 
mobile Subscriber unit, a pager, a cellular telephone, a per 
Sonal digital assistant (PDA), a Smartphone, a laptop, a net 
book, a personal computer, a wireless sensor, consumer elec 
tronics, and the like. 
0048. 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, 102c, 102d to facilitate access to one or more commu 
nication networks, such as the core network 106, the Internet 
110, and/or 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 
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site controller, an access point (AP), a wireless router, and the 
like. While the base stations 114a, 114b are each depicted as 
a single element, it will be appreciated that the base stations 
114a, 114b may include any number of interconnected base 
stations and/or network elements. 
0049. The base station 114a may be part of the RAN 104, 
which may also include other base stations and/or network 
elements (not shown), such as a base station controller (BSC), 
a radio network controller (RNC), relay nodes, etc. The base 
station 114a and/or the base station 114b may be configured 
to transmit and/or receive wireless signals within a particular 
geographic region, which may be referred to as a cell (not 
shown). The cell may further be divided into 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 include three transceivers, i.e., one for 
each sector of the cell. In another embodiment, the base 
station 114a may employ multiple-input multiple output 
(MIMO) technology and, therefore, may utilize multiple 
transceivers for each sector of the cell. 
0050. The base stations 114a, 114b may communicate 
with one or more of the WTRUs 102a, 102b, 102c, 102d over 
an air interface 116, which may be any suitable wireless 
communication link (e.g., radio frequency (RF), microwave, 
infrared (IR), ultraviolet (UV), visible light, etc.). The air 
interface 116 may be established using any suitable radio 
access technology (RAT). 
0051 More specifically, as noted above, the communica 
tions system 100 may be a multiple access system and may 
employ one or more channel access schemes, such as CDMA, 
TDMA, FDMA, OFDMA, SC-FDMA, and the like. For 
example, the base station 114a in the RAN 104 and the 
WTRUs 102a, 102b, 102c may implement a radio technology 
such as Universal Mobile Telecommunications System 
(UMTS) Terrestrial Radio Access (UTRA), which may estab 
lish the air interface 116 using wideband CDMA (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). 
0052. In another embodiment, the base station 114a and 
the WTRUs 102a, 102b, 102c may implement a radio tech 
nology such as Evolved UMTS Terrestrial Radio Access 
(E-UTRA), which may establish the air interface 116 using 
Long Term Evolution (LTE) and/or LTE-Advanced (LTE-A). 
0053. In other embodiments, the base station 114a and the 
WTRUs 102a, 102b, 102c may implement radio technologies 
such as IEEE 802.16 (i.e., Worldwide Interoperability for 
Microwave Access (WiMAX)), CDMA2000, CDMA2000 
1x, CDMA2000 EV-DO, Interim Standard 2000 (IS-2000), 
Interim Standard 95 (IS-95), Interim Standard 856 (IS-856), 
Global System for Mobile communications (GSM), 
Enhanced Data rates for GSM Evolution (EDGE), GSM 
EDGE (GERAN), and the like. 
0054) 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 
wireless connectivity in a localized area, Such as a place of 
business, a home, a vehicle, a campus, and the like. In one 
embodiment, the base station 114b and the WTRUs 102c, 
102d may implement a radio technology such as IEEE 802.11 
to establish a wireless local area network (WLAN). In another 
embodiment, the base station 114b and the WTRUs 102c, 
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102d may implement a radio technology such as IEEE 802.15 
to establish a wireless personal area network (WPAN). In yet 
another embodiment, the base station 114b and the WTRUs 
102c, 102d may utilize a cellular-based RAT (e.g., WCDMA, 
CDMA2000, 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 be required to access the Internet 110 via 
the core network 106. 

0055. The RAN 104 may be in communication with the 
core network 106, which may be any type of network config 
ured to provide voice, data, applications, and/or voice over 
internet protocol (VoIP) services to one or more of the 
WTRUs 102a, 102b, 102c, 102d. For example, the core net 
work 106 may provide call control, billing services, mobile 
location-based services, pre-paid calling, Internet connectiv 
ity, video distribution, etc., and/or perform high-level security 
functions, such as user authentication. Although not shown in 
FIG. 1A, it will be appreciated that the RAN 104 and/or the 
core network 106 may be in director indirect communication 
with other RANs that employ the same RAT as the RAN104 
or a different RAT. For example, in addition to being con 
nected to the RAN 104, which may be utilizing an E-UTRA 
radio technology, the core network 106 may also be in com 
munication with another RAN (not shown) employing a GSM 
radio technology. 
0056. The core network 106 may also serve as a gateway 
for the WTRUs 102a, 102b, 102c, 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 common communication pro 
tocols, such as the transmission control protocol (TCP), user 
datagram protocol (UDP) and the internet protocol (IP) in the 
TCP/IP internet protocol suite. The networks 112 may 
include wired or wireless communications networks owned 
and/or operated by other service providers. For example, 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. 

0057. Some or all of the WTRUs 102a, 102b, 102c, 102d 
in the communications system 100 may include multi-mode 
capabilities, i.e., the WTRUs 102a, 102b, 102c, 102d may 
include multiple transceivers for communicating with differ 
ent wireless networks over different wireless links. For 
example, the WTRU 102c shown in FIG. 1A may be config 
ured to communicate with the base station 114a, which may 
employ a cellular-based radio technology, and with the base 
station 114b, which may employ an IEEE 802 radio technol 
Ogy. 
0058 FIG. 1B is a system diagram of an example WTRU 
102. As shown in FIG. 1B, the WTRU 102 may include a 
processor 118, a transceiver 120, a transmit/receive element 
122, a speaker/microphone 124, a keypad 126, a display/ 
touchpad 128, non-removable memory 106, removable 
memory 132, a power source 134, a global positioning system 
(GPS) chip set 136, and other peripherals 138. It will be 
appreciated that the WTRU 102 may include any sub-combi 
nation of the foregoing elements while remaining consistent 
with an embodiment. 
0059. The processor 118 may be a general purpose pro 
cessor, a special purpose processor, a conventional processor, 
a digital signal processor (DSP), a plurality of microproces 
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sors, one or more microprocessors in association with a DSP 
core, a controller, a microcontroller, Application Specific 
Integrated Circuits (ASICs), Field Programmable Gate Array 
(FPGAs) circuits, any other type of integrated circuit (IC), a 
state machine, and the like. The processor 118 may perform 
signal coding, data processing, power control, input/output 
processing, and/or any other functionality that enables the 
WTRU 102 to operate in a wireless environment. The proces 
sor 118 may be coupled to the transceiver 120, which may be 
coupled to the transmit/receive element 122. While FIG. 1B 
depicts the processor 118 and the transceiver 120 as separate 
components, it will be appreciated that the processor 118 and 
the transceiver 120 may be integrated together in an elec 
tronic package or chip. 
0060. The transmit/receive element 122 may be config 
ured to transmit 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 ele 
ment 122 may be an antenna configured to transmit and/or 
receive RF signals. In another embodiment, the transmit/ 
receive element 122 may be an emitter/detector configured to 
transmit and/or receive IR, UV, or visible light signals, for 
example. In yet another embodiment, the transmit/receive 
element 122 may be configured to transmit and receive both 
RF and light signals. It will be appreciated that the transmit/ 
receive element 122 may be configured to transmit and/or 
receive any combination of wireless signals. 
0061. In addition, although the transmit/receive element 
122 is depicted in FIG. 1B as a single element, the WTRU 102 
may include any number of transmit/receive elements 122. 
More specifically, the WTRU 102 may employ MIMO tech 
nology. Thus, in one embodiment, the WTRU 102 may 
include two or more transmit/receive elements 122 (e.g., mul 
tiple antennas) for transmitting and receiving wireless signals 
over the air interface 116. 
0062. The transceiver 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 received 
by the transmit/receive element 122. As noted above, the 
WTRU 102 may have multi-mode capabilities. Thus, the 
transceiver 120 may include multiple transceivers for 
enabling the WTRU 102 to communicate via multiple RATs. 
such as UTRA and IEEE 802.11, for example. 
0063. 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/touch 
pad 128 (e.g., a liquid crystal display (LCD) display unit or 
organic light-emitting diode (OLED) display unit). The pro 
cessor 118 may also output user data to the speaker/micro 
phone 124, the keypad 126, and/or the display/touchpad 128. 
In addition, the processor 118 may access information from, 
and store data in, any type of Suitable memory, such as the 
non-removable memory 106 and/or the removable memory 
132. The non-removable memory 106 may include random 
access memory (RAM), read-only memory (ROM), a hard 
disk, or any other type of memory storage device. The remov 
able memory 132 may include a subscriber identity module 
(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 store data in, memory that 
is not physically located on the WTRU 102, such as on a 
server or a home computer (not shown). 
0064. The processor 118 may receive power from the 
power source 134, and may be configured to distribute and/or 
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control the power to the other components in the WTRU 102. 
The power source 134 may be any suitable device for pow 
ering the WTRU 102. For example, the power source 134 may 
include one or more dry cell batteries (e.g., nickel-cadmium 
(NiCd), nickel–zinc (NiZn), nickel metal hydride (NiMH), 
lithium-ion (Li-ion), etc.), Solar cells, fuel cells, and the like. 
0065. The processor 118 may also be coupled to the GPS 
chipset 136, which may be configured to provide location 
information (e.g., longitude and latitude) regarding the cur 
rent location of the WTRU 102. In additionto, or in lieu of the 
information from the GPS chipset 136, the WTRU 102 may 
receive location information over the air interface 116 from a 
base station (e.g., base stations 114a, 114b) and/or determine 
its location based on the timing of the signals being received 
from two or more nearby base stations. It will be appreciated 
that the WTRU 102 may acquire location information by way 
of any suitable location-determination method while remain 
ing consistent with an embodiment. 
0066. The processor 118 may further be coupled to other 
peripherals 138, which may include one or more software 
and/or hardware modules that provide additional features, 
functionality and/or wired or wireless connectivity. For 
example, the peripherals 138 may include an accelerometer, 
an e-compass, a satellite transceiver, a digital camera (for 
photographs or video), a universal serial bus (USB) port, a 
vibration device, a television transceiver, a hands free head 
set, a Bluetooth R) module, a frequency modulated (FM) radio 
unit, a digital music player, a media player, a video game 
player module, an Internet browser, and the like. 
0067. When referred to hereinafter, the term traditional 
radio link (TRL) refers to the air interface 116 between a 
WTRU 102 and the RAN 104, whereby the air interface 116 
is not aided by another WTRU acting as relay between the 
WTRU 102 and the RAN 104. The TRL may be inaccordance 
with any radio technology such as, E-UTRA, UTRA, any one 
of the IEEE 802 protocols, CDMA2000, GSM, and the like. 
For example, the TRL may be an LTE, LTE-A, or WCDMA 
air interface. 
0068 AWTRU 102 may lack network coverage and may 
not have an established TRL with the RAN 104. The WTRU 
102 may establish a radio link with another WTRU, for 
example, the other WTRU may be in the WTRU’s 102 vicin 
ity. The WTRU may receive access to the RAN 104 via the 
other WTRU's established TRL with the RAN 104. Further, 
the WTRU 102 may have a TRL established with the RAN 
104 but may require additional communication capacity and 
may establish a radio link with the other WTRU in order to 
receive additional access to the RAN 104 via the other 
WTRU’s established TRL. Furthermore, the WTRU 102 may 
establish a radio link with the other WTRU to communicate 
directly with the other WTRU without utilizing the TRL 
resources of either WTRU. 
0069. The radio link between the WTRU 102 and the other 
WTRU is referred to herein as a cross link (XL). Further, 
when the WTRU 102 has an established XL with the other 
WTRU, the WTRU 102 is referred to herein as a terminal 
WTRU (T-WTRU) and the other WTRU is referred to herein 
as a helper WTRU (H-WTRU) as described with reference to 
FIG 2. 

0070 FIG. 2A shows a T-WTRU having a XL with a 
H-WTRU. The T-WTRU 201 has a XL 203 with the 
H-WTRU 202. The H-WTRU 202 has a TRL 204 with a base 
station 114, which may be any one of base stations 114a. 
114b. The XL 203 may facilitate access to the TRL 204 for the 
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TWTRU 201 or may facilitate direct communication 
between the TWTRU 201 and the H-WTRU 202. Further, the 
T-WTRU 201 may have a direct TRL 205 with the base 
Station 114 as shown in FIG. 2. When the T-WTRU has both 
the XL 203 and the direct TRL 205, increased throughput and 
capacity are achieved for the TWTRU 201 through the utili 
zation of both links. 
(0071. The XL 203 may also be used in a wireless network 
to provide coverage for an out-of-coverage T-WTRU 201, 
i.e., a TWTRU 201 without a direct TRL 205 to the base 
station 114, by utilizing the TRL 204 of a network-covered 
H-WTRU 202 to relay the H-WTRU 202 traffic to the base 
Station 114 and the RAN 104. 
(0072 For example, in LTE systems, a T-WTRU 201 has 
coverage if the T-WTRU 201 is registered with a network, 
(i.e., in an evolved packet system (EPS) mobility manage 
ment (EMM) REGISTERED state), is able to decode abroad 
cast channel (BCH) from a cell in the network, is able to 
receive primary system information, is able to decode a pag 
ing channel (PCH), is able to receive paging messages and 
secondary system information, is able to communicate with 
cell using random access in the RRC-IDLE state or using a 
physical uplink control channel (PUCCH) or a physical 
uplink shared channel (PUSCH) in the RRC-CONNECTED 
state, and is able to transmit a minimum data rate over the 
PUSCH and receive a minimum data rate over the physical 
downlink shared channel (PDSCH). 
(0073. Before XL 203 establishment, a WTRU 102 may 
attempt to reselect a cell or base station for direct TRL 205 
establishment. When a direct TRL 205 is established, the 
WTRU 102 may use the direct TRL 205 for its traffic and, 
thus, not burden the H-WTRU’s 202 TRL 204. 
0074 FIG. 2B shows cell or base station reselection for 
direct TRL 205 establishment. The TWTRU 102 is unable to 
establish a direct TRL 205 with the base Station 114 or the 
direct TRL 205 with the base station 114 has failed (as 
depicted by the dashed line in FIG. 2B). The T-WTRU 201 
then attempts cell or base station reselection and the direct 
TRL 205 is established with the reselected cell or base station 
(as depicted by the solid line). The T-WTRU 201 may not 
need to establish a XL 203 with the H-WTRU 202 and the 
WTRU 102 may not be designated as a T-WTRU 201. It is 
noted that a reselected cell may be associated with the base 
station 114 and may not necessarily be associated with the 
reselected base station as depicted in FIG. 2B. 
0075 FIG. 2C shows cell or base station reselection fail 
ure for direct TRL 205 establishment. A direct TRL 205 is not 
established with either the base station or the reselected base 
station or the direct TRL 205 has failed (as depicted by the 
dashed line). In order to utilize the communication resources 
of the RAN 114, the TWTRU 201 has an established XL 203 
with the H-WTRU 202, which has a TRL 204 with the base 
station 114. 

(0076 Procedures may be used for XL 203 establishment 
between the TWTRU 201 and the H-WTRU 202. The pro 
cedures may include neighbor discovery and association 
information exchange as described with reference to FIG. 3. 
(0077 FIG. 3 shows a XL 203 establishment procedure. 
The T-WTRU 201 performs neighbor discovery 310 in order 
to locate a H-WTRU 202. In neighbor discovery, the 
TWTRU 201 may transmit a neighbor discovery initiation 
transmission (NDIT) and await a neighbor discovery 
response transmission (NDRT) from the H-WTRU 202. 
Neighbor discovery 310 is used by the T-WTRU 201 for 
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finding a WTRU 102 for serving as a H-WTRU 202. The 
NDIT may be transmitted in a common resource and as Such 
may be received by a plurality of WTRUs 102 and the plural 
ity of WTRUs 102 may then transmit the NDRT, which pro 
vides the TWTRU 201 options for selecting a H-WTRU 202. 
0078. After neighbordiscovery, association information is 
exchanged 320, whereby the T-WTRU 201 and the H-WTRU 
202 may exchange association information messages. The 
T-WTRU 201 also receives basic system information 322 
from the H-WTRU 202, which may include identities asso 
ciated with the H-WTRU 202. The TWTRU 201 then selects 
the H-WTRU 202, for example, from candidate WTRUs 102 
with which the TWTRU 201 exchanged association infor 
mation 320 or received basic system information 322. After 
the H-WTRU 202 is selected, the T-WTRU 201 sends a 
selected as H-WTRU 202 message 326 to the H-WTRU 202 
indicating the H-WTRU 202 selection for the role. 
0079 At any point during or after association information 
exchange 320, receipt of basic system information 322, 
H-WTRU 202 selection 324, or transmission or reception of 
the selected as H-WTRU 202 message 326, association 
between the T-WTRU 201 and the H-WTRU 202 may be said 
to be formed 330. Further, although not shown in FIG. 3, the 
base station 114 may be involved in procedures described 
with reference to numerals 310-330. 
0080. After association is formed 330, scheduling 
requests, grants for the XL 203, and paging messages are 
exchanges between the T-WTRU 201, the H-WTRU 202, and 
the base station 114. The scheduling requests may indicate a 
need for resource allocation on the XL 203 for the transmis 
sion of data. XL 203 grants may allocate resources on the XL 
203 for the TWTRU 201 or the H-WTRU 202 to use for 
uplink or downlink communication. Further, paging may be 
performed to sendalerts or indicate a need for a T-WTRU 201 
or H-WTRU 202 to undergo an RRC state transition as 
described herein. 
I0081 Further, RRC reconfiguration 350 may be per 
formed in order to setup the connectivity of T-WTRU 201 or 
the H-WTRU 202 on the XL 203 or the TRL 204. RRC 
reconfiguration 350 may also be used to indicate mapping 
between signaling radio bearers (SRBs) or data radio bearers 
(DRBs) for the TRL 204 and SRBs or DRBs for the XL 203. 
Keep alive messages are exchanged 352 between the 
T-WTRU 201 and the H-WTRU 202 in order to maintain the 
association between the TWTRU 201 and the H-WTRU 202. 
Further, data is exchanged 360 on the XL 203 and the TRL 
204 to provide service and coverage to the TWTRU 201. 
0082. The TWTRU 201 and the H-WTRU 202 may 
immediately perform data transmission 325 on the XL 203. If 
the TWTRU 201 and the H-WTRU 202 do not need to 
perform data transmission 325, the T-WTRU 201 and the 
H-WTRU 202 may exchange keep alive messages 324 in 
order to maintain the established XL 203 and facilitate using 
the XL 203 for data transmission 325 at a later time. 
0.083 XL 203 establishment and communication over the 
XL 203 may be performed in accordance with any air inter 
face, such as an LTE or LTE-A air interface and procedures 
for XL 203 establishment or communication using the XL 
203 may be performed in accordance with procedures for the 
air interface and in conjunction with the procedures described 
herein. 

0084. The XL 203 between the TWTRU 201 and the 
H-WTRU 202 may be in accordance with an Open Systems 
Interconnection (OSI) protocol comprising one or more of a 
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physical (PHY), medium access control (MAC), radio link 
control (RLC), packet data convergence protocol (PDCP), 
radio resource control (RRC), or non-access stratum (NAS) 
layer. The protocol layers of the XL 203 may be different than 
the protocol layers of the TRL 204 or the direct TRL 205, or 
may be the same. For example, the PHY layer of the XL 203 
may be different than the PHY of the TRL 204, whereas the 
RRC layers of the XL 203 and TRL 204 may be similarly 
defined. 
I0085 For the RRC layer, an RRC protocol may be used. 
The RRC protocol may include RRC states to which a WTRU 
102, for example, the T-WTRU 201 or the H-WTRU 202, may 
belong. An RRC state of the WTRU 102 is dictated by the 
WTRU’s 102 connectivity or potential for connectivity and 
the WTRU 102 may transition between the RRC states based 
on the WTRU’s 102 connectivity or potential for connectiv 
ity. The RRC states are associated with the WTRU’s 102 
connectivity on any radio link, including, the XL 203, TRL 
204, or direct TRL 205 as described with reference to FIG. 4 
0086 FIG. 4 shows the RRC states of a WTRU 102. The 
WTRU 102 may be in an RRC-IDLE state 410 or an RRC 
CONNECTED state 420. The WTRU 102 may transition 
between the RRC-IDLE state 410 and the RRC-CON 
NECTED State 420. When the WTRU 102 is in the RRC 
IDLE state 410, the WTRU 102 may not have a signaling 
radio bearer established on the XL 203, the TRL 204 or the 
direct TRL 205 (i.e., the WTRU 102 may not be able to 
transmit or receive data on the XL 203, the TRL 204 or the 
direct TRL 205). However, the WTRU 102 may be able to 
monitor control channels on the XL 203, the TRL 204, or the 
direct TRL 205 or transmit or receive data on the control 
information when the WTRU 102 is in the RRC-IDLE state 
410. 

0087. When the WTRU 102 is in the RRC-CONNECTED 
state 420, the WTRU 102 is able to perform the functions the 
WTRU 102 is capable of performing in the RRC-IDLE state 
410 in addition to transmitting or receiving data on the XL 
203, the TRL 204 or the direct TRL 205. 
I0088 A WTRU 102 that is capable of performing func 
tions associated with the XL 203 may further have an XL 
substate associated with the functions the WTRU 102 is 
capable of performing on the XL 203. The XL substate is 
independent of the functions the WTRU 102 is capable of 
performing on either the TRL 204, or the direct TRL 205, and 
is only associated with the functions the WTRU 102 is 
capable of performing on the XL 203. The XL substate is a 
substate of the RRC state (i.e., the RRC-IDLE state 410 and 
RRC-CONNECTED state 420). The WTRU 102 may have 
any one of four XL substates as described with reference to 
FIG.S. 

0089 FIG. 5 shows the RRC substates of a WTRU 102. 
The WTRU 102 may be in an XL-Disabled substate 510, 
XL-Inactive substate 520, XL-Idle substate 530, or XL-Ac 
tive substate 540. The WTRU 102 may be in any one of the 
four Substates 510-540 when the WTRU 102 is in the RRC 
CONNECTED State 420. When the WTRU is in the RRC 
IDLE state 410, on the other hand, the WTRU 102 may be in 
the XL-Disabled substate 510, XL-Inactive substate 520, or 
XL-Idle substate 530, but not in the XL-Active substate 540. 
0090 AWTRU 102 in the XL-Disabled substate 510 does 
not perform functions associated with the XL 203. For 
example, the WTRU 102 may not be capable of performing 
functions associated with the XL 203, or may be capable of 
performing the function but may be configured to have the 
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functions disabled. Because the WTRU 102 may still be able 
to perform functions on the TRL 204, or the direct TRL 205, 
the WTRU 102 may be in an RRC-IDLE state 410 or an 
RRC-CONNECTED SubState 420. 

0091 AWTRU 102 in the XL-Inactive substate 520 may 
perform neighbor discovery, association information 
exchange (e.g., transmitting or receiving association informa 
tion messages), transmission or reception of a selected as 
H-WTRU 202 message, or basic system information but may 
not be capable of transmitting or receiving keep-alive mes 
sage or transmitting or receiving data on the XL 203. 
0092. A WTRU 102 in the XL-Idle substate 530 may 
perform all the functions the WTRU 102 may perform in the 
XL-Inactive substate 520 in addition to transmitting or 
receiving keep-alive messages, paging indications, and 
scheduling requests, as will be described in further detail 
herein. AT-WTRU 201 in the XL-Idle substate 530 may have 
formed association with a H-WTRU 202 but may not be 
transmitting or receiving user communication data. 
0093 A WTRU 102 in the XL-Active substate 540 may 
perform all functions associated with the XL 203, including 
transmitting or receiving data on the XL 203. A WTRU 102 
may transition between the RRC states 410-420 and the XL 
Substates 510-540. 

0094 FIG. 6 shows an RRC state transition diagram for a 
WTRU 201. A WTRU 102 may be in the XL-Inactive substate 
520 in the RRC-IDLE state 410. If the WTRU 102 establishes 
a TRL 204 with a base station 114 601, the WTRU 102 
transitions to the RRC-CONNECTED State 420 while 
remaining in the XL-Inactive substate 520. If the TRL 204 
fails or the TRL 204 is released 602, the WTRU 102 transi 
tions back to the RRC-IDLE state 410 and remains in the 
XL-Inactive substate 520. 

0095. The WTRU 102 attempts cell reselection 603 in 
order to establish a TRL 204 via a different or a new cell. If a 
new cell is found 604, the WTRU 102 may attempt to estab 
lish a TRL 204 with the new cell 605. If a new cell is not found 
604, the WTRU 102 attempts to establish an XL 203 606 as a 
T-WTRU 201. The T-WTRU 201 performs neighbor discov 
ery 607. To perform neighbor discovery, the TWTRU 201 
may transmit a NDIT and await a NDRT from a H-WTRU 
202. If the H-WTRU 202 is not found 608, the T-WTRU 201 
remains in the XL-Inactive Substate 520 of the RRC-IDLE 
state 410. 

0096. If the H-WTRU 202 is found 608, the T-WTRU 201 
and H-WTRU 202 form association 609. Following associa 
tion formation 609, the T-WTRU 201 transitions to the XL 
Idle Substate 530. 

0097. When in the XL-Idle 530 substate, if an XL 203 data 
connection is used 610, the T-WTRU 201 transitions to the 
XL-Active SubState 540 of the RRC-CONNECTED 420 
state, and if the XL 203 data connection is later released 611, 
the T-WTRU 201 transitions back to the XL-Idle Substate 
430. 

0098. Further, when the TWTRU 201 is in XL-Active 
substate 540 of the RRC-CONNECTED 420 state, a han 
dover may be performed between from the XL 203 to the 
direct TRL 205 612 and the TWTRU 201 uses the direct TRL 
205 and transitions to the XL-Inactive 420 substate. Simi 
larly, if a direct TRL 205 to XL 203 handover is performed 
613, the WTRU 102 transitions to the XL-Active 540 sub 
state. Furthermore, at any point in the State transition dia 
gram, periodic cell re-selection may be performed 614, and if 
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the periodic cell reselection is successful 615 and a direct 
TRL 205 is found, the WTRU 102 may transition to an XL 
Inactive substate 520. 

(0099 FIG. 7 shows an RRC state transition diagram for a 
H-WTRU 202. AH-WTRU 202 is in the XL-Inactive Substate 
520 of the RRC-IDLE State 410. If the H-WTRU 202 estab 
lishes the TRL 204701, the H-WTRU 202 transitions to the 
RRC-CONNECTED state 420 while remaining in the same 
XL substate. While in the RRC-CONNECTED state 420, the 
H-WTRU 202 releases the TRL 204 oran RFL is declared on 
the TRL 204 702 and, as such, the H-WTRU 202 transitions 
back to the RRC-IDLE state 410. 

0100. The H-WTRU 202 detects that a T-WTRU 201 is 
attempting to discover the H-WTRU 202 (or detects an NDIT 
from the TWTRU 201)703 and the H-WTRU 202 transitions 
to the RRC-CONNECTED state 420 in order to report neigh 
bor discovery or NDIT detection to a base station 114704. If 
the base station 114 does not trigger XL 203 establishment 
705, the H-WTRU 202 transitions back to the RRC-IDLE 
state 410. However, if the base station 114 triggers XL 203 
establishment, the H-WTRU 202 forms association 705 with 
the TWTRU 201. After association is formed 705, the 
H-WTRU 202 transitions to the XL-Idle Substate 530. 

01.01 If the TRL 204 connection is established 706, the 
H-WTRU 202 may transition to the RRC-CONNECTED 
State 420 and use the TRL 204 and when the TRL 204 is 
released or fails, transition back to the RRC-IDLE state 410. 
The H-WTRU 202 remains in the XL-Idle substate 530, as 
data communication is not yet performed on the XL 203. 
0102) If the XL 203 connection is established 708, the 
H-WTRU 202 transitions to the XL-Active Substate 540 in the 
RRC-CONNECTED state 420 and performs functions 
related to data communication. If the XL 203 fails 709, the 
H-WTRU 202 transitions to the XL-Inactive substate 520, 
whereby H-WTRU 202 remains in the RRC-CONNECTED 
state 420 if the H-WTRU requires the TRL 204 for its service 
711 or transitions to the RRC-IDLE state 410 if the H-WTRU 
does not require the TRL 204 for its service 711. 
(0103) If the TRL 204 fails, on the other hand, the XL 203 
is not serviced and the H-WTRU 202 transitions to the XL 
Inactive Substate 520 and the RRC-IDLE state 410. 

0104. Whereas in FIG.7 the H-WTRU 202 awaited a base 
station 114 trigger before forming an association with the 
T-WTRU 201, the H-WTRU 202 may alternatively form the 
association without a need for a base station 114 trigger and 
instead require a base station 114 trigger for XL 203 connec 
tion establishment. 

0105 FIG. 8 shows an RRC state transition diagram for a 
H-WTRU 202. AH-WTRU 202 is in the XL-Inactive Substate 
520 of the RRC-IDLE State 410. If the H-WTRU 202 estab 
lishes the TRL 204701, the H-WTRU 202 transitions to the 
RRC-CONNECTED state 420 while remaining in the same 
XL substate. While in the RRC-CONNECTED state 420, the 
H-WTRU 202 releases the TRL 204 oran RFL is declared on 
the TRL 204 702 and, as such, the H-WTRU 202 transitions 
back to the RRC-IDLE state 410. 

0106. The H-WTRU 202 performs neighbor discovery 
and association information exchange with the TWTRU 201 
803. In which case, the H-WTRU 202 may receive an NDIT, 
respond with an NDRT, and exchange association informa 
tion messages. If the H-WTRU 202 is not selected by the 
TWTRU804, the H-WTRU 202 transitions back to the RRC 
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IDLE state 410. However, if the H-WTRU 202 is selected by 
the TWTRU 804, the H-WTRU 202 transitions to the XL 
Idle Substate 530. 
01.07 If the TRL 204 connection is established 706, the 
H-WTRU 202 may transition to the RRC-CONNECTED 
State 420 and use the TRL 204 and when the TRL 204 is 
released or fails 707, transition back to the RRC-IDLE state 
410. 
0108. The H-WTRU 202 confirms the association with 
T-WTRU 201 with the base Station 114805. If the base Station 
triggers the XL 812, the H-WTRU 202 transitions to the 
XL-Active Substate 540 in the RRC-CONNECTED State 
420. If the base station does not trigger the XL 812, the 
H-WTRU 202 transitions to the XL-Inactive Substate 520 in 
the RRC-IDLE state 410. 
0109. When in the XL-Active 540 substate and the RRC 
CONNECTED 420 state, if the XL 203 fails 709, the 
H-WTRU 202 transitions to the XL-Inactive substate 520, 
whereby H-WTRU 202 remains in the RRC-CONNECTED 
state 420 if the H-WTRU requires the TRL 204 for its service 
711 or transitions to the RRC-IDLE state 410 if the H-WTRU 
does not require the TRL 204 for its service 711. If the TRL 
204 fails, on the other hand, the XL 203 is not serviced and the 
H-WTRU 202 transitions to the XL-Inactive Substate 520 and 
the RRC-IDLE state 410. 
0110 AT-WTRU 201 in the XL-Idle substate 530 may 
attempt to establish a data connection over the XL 203 as 
described with reference to FIGS. 9A and 9B. The establish 
ment of the data connection over the XL is referred to herein 
as origination and may be performed because the TWTRU 
201 seeks to transmit data to the base station 114 or in 
response to a page. 
0111 FIGS. 9A and 9B show a messaging diagram for 
establishing a data connection over the XL 203 for a T-WTRU 
201 in the XL-Idle substate 530. Association has been formed 
between the T-WTRU 201 and the H-WTRU 202 and the 
T-WTRU 201 and the H-WTRU 202 are both in XL-Idle 
substate 530. Further, the T-WTRU 201 and the H-WTRU 
202 may exchange keep alive messages and, thus, remain in 
the XL-Idle Substate 530. 
0112. The T-WTRU 201 sends a scheduling request (SR) 
to the H-WTRU 202902 to request resource allocation for the 
XL 203 and await receipt of an acknowledgement. If an 
acknowledgement is not received 904, the T-WTRU 201 
retransmits the SR to the H-WTRU 202906. The TWTRU 
201 may be configured to retransmit the SR a predetermined 
number of times until an acknowledgement is received 908. 
0113. The transmit power associated with the SR may be 
determined based on a received power of the keep alive mes 
sages exchanged between the TWTRU 201 and the 
H-WTRU 202. Further, because the TWTRU 201 and the 
H-WTRU 202 may be already time-synchronized in order to 
exchange keep alive messages, a random access procedure for 
the transmission of the SR may not be required and instead the 
T-WTRU 201 may transmit the SR in a time period where the 
H-WTRU 202 is configured to receive keep alive messages 
from the T-WTRU 201. 
0114. Further, the SR may be scrambled using an identity 
that is derived from the same root used for NDIT transmission 
from the T-WTRU 201 to the H-WTRU 202 when neighbor 
discovery is performed. 
0115. After receiving the SR from the TWTRU 201, the 
H-WTRU 202 communicates with the base station 114 in 
order to obtain permission and configuration to act as a relay 
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for the XL 203 between the T-WTRU 201 and the base Station 
114. A random access procedure may be performed between 
the TWTRU 201 and the base Station 114 910 if the 
H-WTRU 202 is in the RRC-IDLE State 410. The H-WTRU 
202 sends an RRC connection request to the base station 114 
912. The RRC connection request may include a cause code 
indicating that that the RRC connection request is sent 
because the T-WTRU's 201 seeks a connection on the XL 
2O3. 
0116. Upon receiving the RRC connection request, the 
base station 114 establishes a signaling radio bearer (SRB), 
referred to herein as SRB1, for use by the TWTRU 201. The 
base station sends an RRC connection setup message to the 
H-WTRU 202914, which may include information associ 
ated with SRB1, or a radio network temporary identifier 
(RNTI) for use on the XL 203 (referred to herein as XL 
RNTI). The XL-RNTI is used for communication identifica 
tion and interference management as XL resources may 
shared (for example, with other XLs of other WTRUs). 
0117. The H-WTRU 202 sends an RRC connection setup 
complete message to the base station 114916. The base 
station 114 sends a grant for uplink on the XL 203 to the 
H-WTRU 202918. The uplink grant for the XL 203 may be 
used by the T-WTRU 201 to transmit an RRC connection 
request message. The base station 114 may also provide a 
downlink XL 203 grant, which may be used for downlink data 
transmissions between the H-WTRU 202 and the TWTRU 
201. The H-WTRU 202 transitions to the XL-Idle Substate 
530 and sends the uplink grant for the XL 203 to the TWTRU 
201920. The H-WTRU 202 also sends an initial configura 
tion message to the TWTRU 201921. The initial configura 
tion message may include the XL-RNTI and configuration 
information for the T-WTRU 201 to sendan RRC connection 
request message. 
0118. The TWTRU 201 sends the RRC connection 
request to the H-WTRU 202922. The RRC connection 
request is sent on a resource provided by the uplink grant for 
the XL 203. The RRC connection request uses the XL-RNTI 
and the configuration information provided by the H-WTRU 
202. The RRC connection request may include a cause for 
link establishment, for example, originating data. The 
H-WTRU 202 relays the RRC connection request to the base 
station 114 throughan RRC XL information transfer message 
924. Further, the H-WTRU 202 and the base station 114 
exchange security mode messages 926,928. 
0119 Based on the RRC connection request, the base 
station 114 configures layers of the TWTRU 201 stack. Fur 
ther, the base station 114 sets up radio bearers for the XL 203 
for reconfiguring the T-WTRU 201 and a mapping between 
the radio bearers for the XL 203 and corresponding radio 
bearers on TRL 204 is determined and provided to the 
H-WTRU 202, as described with reference to FIG. 10. 
0.120. The base station sends an RRC reconfiguration mes 
sage to the H-WTRU 202930 for configuring the radio bear 
ers between the base Station 114 and the H-WTRU 202. After 
configuring the H-WTRU’s 202 radio bearers in accordance 
with the RRC reconfiguration message, H-WTRU 202 trans 
mits an RRC connection reconfiguration complete message 
932 to indicate that the radio bearers have been configured. 
The base station 114 also sends a XL 203 downlink grant to 
the H-WTRU 202934 to allocate resources for transmission 
on the XL 203. 

0.121. The base station 114 sends an RRC connection 
setup message to the T-WTRU 201936. The RRC connection 
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setup message is relayed to the TWTRU 201 by the 
H-WTRU 202936. The RRC connection setup message may 
be transmitted over a DRB to the H-WTRU 202, which then 
relays it over SRB1 to the T-WTRU 201. The TWTRU 201 
sends an RRC connection setup complete message to the base 
station 114938, which is relayed by the H-WTRU 202938. 
After completion of RRC setup, the TWTRU 201 and the 
H-WTRU 202 transition to the XL-Active Substate 540 of the 
RRC-CONNECTED 420 State. 
0122 AS security is also established between the 
T-WTRU 201 and the base station 114 using security mode 
command (SMC), for example, of the LTE communications 
protocol, and security messages may be exchanged 940,942. 
Further, RRC connection reconfiguration messages may be 
exchanged between the base station 114 and the TWTRU 
201944,946. Further, in addition to basic system information 
that was exchanged during association formation, extended 
system information may also be sent to the TWTRU 201 
from the H-WTRU 202948. The extended system informa 
tion message may be an RRC message and may be unen 
crypted. 
0123 FIG. 10 shows a mapping of the radio bearers on the 
TRL and the XL. The H-WTRU’s 202 data bearers DRBk, 
DRB1, DRBm and the like map to the TWTRU’s 201 bearers 
SRB0, SRB1, DRB1, and the like, respectively, where k, 1, 
and m may be arbitrary numbers from a set of data bearer 
identifiers, but non-overlapping with the data bearers for 
H-UE's own services. 
0.124. The radio bearers (RBs) between the base station 
114 and the H-WTRU 202 and the RBS between the base 
station 114 and the TWTRU 201 may co-exist on the TRL 
204. As such, the RBs intended for the T-WTRU 201 may be 
distinguishable from the RBs intended for the H-WTRU 202. 
In addition, the signaling bearer data intended for the T-UE 
may not convey a meaning to the H-WTRU 202 and may be 
passed on to the T-WTRU 201. The T-WTRU 201 signaling 
bearers may be mapped onto the data bearers of the H-WTRU 
202, as shown in FIG. 10. 
0.125. In LTE, radio bearer mapping may be configured 
using a field the RadioResourceConfigDedicated information 
element (IE). The field may be as follows: RadioResource 
ConfigDedicated: { 

DRB-To AddMod: { 
0.126 . . . 
xl-mapping: {0, 1} % 0=SRB, 1=DRB 
xl-mapping-id: {1,2,...} % SRBh/DRBit} ... } 
0127. In LTE communication systems, a DRB-Identity 
field is used to identify a DRB. The DRB-To AddMod IE 
identifies the DRB number on the TRL 204 for the H-WTRU 
202. The xl-mapping field indicates whether a DRB is 
mapped to an SRB or DRB on the XL 203, and the xl.- 
mapping-idfield provides the corresponding SRB number or 
DRB number for the XL 203. 
0128. For XL 203 radio bearers, the H-WTRU 202 may be 
provided with a partial RRC configuration, since only a por 
tion of the protocol stack (for example, PHY. MAC, partial 
RLC) may be terminated at the H-WTRU 202. Higher layers 
of protocol (for example, PDCP and beyond) may be termi 
nated at the base station 114 and TWTRU 201. Further, XL 
DRBs for the H-WTRU 202 may only need to be configured 
with NULL encryption since underlying T-WTRU 201 bear 
ers may carry their own encryption. 
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I0129. The T-WTRU 201 may maintain a timer when trans 
mitting the RRC connection request message 924. The value 
of the timer may be conveyed in Basic System Information 
(for example, under a WTRU-Timers.AndConstants IE in 
SIB2). Further, the TWTRU 201 and the H-WTRU 202 may 
transmit a buffer status report (BSR) and receive additional 
grants, if desired. A BSR may include information associated 
with the amount of data awaiting transmission. 
I0130. Origination by a TWTRU 201 may also be per 
formed when a H-WTRU 202 is in an RRC-CONNECTED 
state 420, as described with reference to FIG. 11. Origination 
is performed when a T-WTRU 201 seeks a data connection 
establishment. Because the H-WTRU 202 is already in the 
RRC-CONNECTED state 420, an initial data connection for 
the H-WTRU 202 on the TRL 204 need not be established. 
0131 FIG. 11 shows a messaging diagram for origination 
by a T-WTRU 201 in XL-Idle substate 530 and a H-WTRU in 
an RRC-CONNECTED State 420. The TWTRU 201 and the 
H-WTRU 202 are both in the XL-Idle 530 substate and, as 
such, the H-WTRU 202 transmits keep-alive messages to the 
TWTRU 201 and listens to SRS from the TWTRU 201. 
Further, the H-WTRU 202 is in the RRC-CONNECTED state 
420 as the H-WTRU 202 has an established data connection 
over the TRL 204. 

(0132) The TWTRU 201 seeks to establish a data connec 
tion over the XL 203. The T-WTRU 201 sends a SR to the 
H-WTRU 202 1102. The H-WTRU 202 transmits a XL 203 
BSR with a configurable default buffer size oraXL 203 SR to 
the base station 114 1104. It is noted that because the 
H-WTRU 202 is in RRC-CONNECTED State 420 with a data 
connection on the TRL 204 established, the H-WTRU 202 
may only be required to send the an SR to the base station 114 
instead of an RRC connection request with a cause code as 
described with reference to numeral 912 in FIGS. 9A and 9B 
when the H-WTRU 202 is the RRC-IDLE state 410. 
I0133. The base station 144 recognizes the XL BSR as an 
attempt to establishaXL data connection, and sends aXL 203 
grant to the H-WTRU 202. The base station 114 provides an 
initial configuration for the XL 203 with the AT-RNTI in the 
RRC initial configuration message 1106. The initial configu 
ration message is relayed to the T-WTRU 201 by the 
H-WTRU 202 1108. The remainder of the messaging dia 
gram of FIG. 11 is as that described with reference to FIGS. 
9A and 9B. It is noted that after RRC reconfiguration 930, 
932, the H-WTRU 202 transitions to the XL-Active substate 
540 and after the RRC connection setup 936, 938, the 
TWTRU 201 transitions to the XL-Active Substate 540 of the 
RRC-CONNECTED State 420. 

0.134 Intermination, also referred to as mobile call termi 
nation, a T-WTRU 201 is notified to establish a data connec 
tion over the XL 203 due to a need for the data connection, for 
example, an incoming call directed to the T-WTRU 201. The 
T-WTRU 201 and the H-WTRU 202 may be in the RRC 
IDLE state 410 or the RRC-CONNECTED State 420 when 
termination occurs. 
0.135 A TWTRU 201 may be paged or sent a paging 
message to indicate termination. The H-WTRU 201 being in 
the RRC-IDLE state 410 may receive the paging message and 
relay the paging to the T-WTRU 201. The H-WTRU 202 may 
further send a paging indication to the TWTRU 201 to indi 
cate to the TWTRU 201 that a paging message is sent to the 
T-WTRU 201. It is noted that receipt of the page by the 
H-WTRU 202 is facilitated by the fact that when the 
H-WTRU 202 is in the RRC-IDLE state 410, the H-WTRU 
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202 is time-synchronized with the T-WTRU 201 and has a 
DRX cycle that is synchronous with the DRX cycle of the 
T-WTRU 201. That is, the T-WTRU 201 and the H-WTRU 
202 may share the same wake and sleep cycles in DRX. 
0.136 Further, the page may include a System Architecture 
Evolution (SAE) temporary mobile subscriber identity 
(S-TMSI) associated with the XL 203, referred to herein as 
XL-S-TMSI. The H-WTRU 202 may detect the page based 
on the XL-S-TMSI, which may exchanged between the 
T-WTRU 201 and the H-WTRU 202 in association formation. 
0137 Upon receipt of the paging indication or the paging 
message from the H-WTRU 202, the TWTRU 201 may 
perform origination as described with reference to FIGS. 9A 
and 9B when the H-WTRU 201 is in the RRC-IDLE state 410 
or FIG. 11 when the H-WTRU 202 is in the RRC-CON 
NECTED State 420. 

0138 Mobile call termination is described herein for an 
XL 203 with a H-WTRU 202 in the RRC-CONNECTED 
State 420. When the H-WTRU 202 is in the RRC-CON 
NECTED state 420, the H-WTRU 202 may receive a page 
using the H-WTRU’s established TRL 204. The H-WTRU 
202 recognizes the page as being intended to the TWTRU 
201 based on the XL-S-TMSI associated with the page. The 
H-WTRU 202 conveys a paging indication to the TWTRU 
201. The T-WTRU 201 may perform call origination in accor 
dance with the messaging diagram described with reference 
to FIG. 11 herein. 
0.139. During lulls in data transmission or reception, a 
T-WTRU 201 Ora H-WTRU 202 in the RRC-CONNECTED 
state 420 transitions into discontinuous reception (DRX) as 
opposed to transitioning to the RRC-IDLE state 410. DRX 
allows the TWTRU 201 and the H-WTRU 202 to conserves 
energy without transitioning to the RRC-IDLE state 410. 
0140 DRX may comprise a short cycle and a long cycle 
and the T-WTRU 201 and the H-WTRU 202 may be config 
ured, using RRC configuration, for example, with a short 
cycle timer associated with the short cycle and a long cycle 
time associated with the long cycle. Further, the TWTRU 201 
and the H-WTRU 202 may be configured with a DRX offset 
value that specifies the beginning of the short and long cycles 
as a function of a sequence frame number (SFN). The DRX 
offset value may be also shifted for the TWTRU 201 to 
account for any decode and forward delay experienced due to 
the H-WTRU 202 acting as a relay. The shift in the DRX 
offset value may be configured as part of basic system infor 
mation or RRC signaling. 
0141. As described herein radio link failure (RLF) may be 
declared on a radio link, such as XL 203, TRL 204, or direct 
TRL 205 when conditions on the radio link deteriorate or 
when problems are detected on the radio link. For example, a 
T-WTRU 201 with a direct TRL 205 may declare RLF on the 
direct TRL 205 upon deterioration of conditions on the direct 
TRL. The RLF may be declared in accordance with the pro 
cedures of the air interface of the radio link, whereby if the air 
interface is an LTE or LTE-A air interface, the procedures of 
LTE or LTE-A dictate declaring the RTF. When an RTF is 
declared a WTRU may attempt to establish to reestablish a 
connection or may attempt cell or base station reselection in 
order to obtain network access. 
0142. When an RLF is declared on the TRL 204, on the 
other hand, the XL 203 may be affected as the XL 203 
depends on the TRL 204 for providing access to the TWTRU 
201. For example, RLF of the TRL 204 may cause RFL of the 
XL 203. AH-WTRU 202 may be configured to cease opera 

Aug. 18, 2016 

tion on the XL 203 as a result of the RLF of the TRL 204 and 
a T-WTRU 201 may be configured to cease operation on the 
XL 203 and perform cell or base station reselection in order to 
receive access using a direct TRL 205. Further, the TWTRU 
201 may be configured to perform neighbor discovery in 
order to find a backup WTRU with which the T-WTRU 201 
may establish a XL 203 for receiving network access as 
described with reference to FIG. 12. 
0.143 FIG. 12 shows neighbor discovery and cell or base 
station reselection by a T-WTRU 201. The T-WTRU’s 201 
XL 203 with the H-WTRU 202 has failed due to RLF being 
declared on TRL 204 between the H-WTRU 202 and the base 
station 114 or due RLF being declared on the XL 203 itself (as 
depicted by the dashed lines in FIG. 12). The T-WTRU 201 
may perform neighbor discovery in order to find a backup 
WTRU, referred to hereinafter as backup H-WTRU 206. A 
XL 203 may be established between the TWTRU201 and the 
backup H-WTRU 206, denoted by the solid lines in FIG. 12, 
and the TWTRU 201 may receive access to the network using 
the backup H-WTRU’s 206 TRL 204 with the base station 
114. The TWTRU 201 may also perform cell or base station 
reselection and a direct TRL 205 may be established between 
the TWTRU 201 and the reselected base Station 114 or the 
reselected cell. It is noted that the reselected cell may be 
associated with the base station 114 as opposed the reselected 
base station as depicted in FIG. 12. 
014.4 FIG. 13 shows a flow diagram for RLF declaration 
on the TRL 203 by a H-WTRU 202. The H-WTRU 202 is 
operating in the RRC-CONNECTED state 420 1302 and has 
a TRL 204 with the base station 114 (for example, in accor 
dance with an LTE air interface) and a XL 203 with a 
T-WTRU 201. The H-WTRU 202 may receive N310 con 
secutive out-of-sync indications 1304, where N310 is a num 
ber. The H-WTRU 202 starts a timer 1306 (referred to as a 
T310 timer in LTE) and awaits receipt of N311 consecutive 
in-sync indications, where N311 is a number. If the timer does 
not expire before N311 consecutive in-sync indications are 
received 1308, the H-WTRU 202 remains in the RRC-CON 
NECTED state 420 1310 and continues operation on the XL 
203 and TRL 204. 

0145 If the timer expires before N311 consecutive in-sync 
indications are received 1308, the H-WTRU 202 declares 
RLF on the TRL 204 1312. The H-WTRU 202 also ceases 
operation on the XL 203 including reference signal transmis 
sion and ceases uplink operation on the TRL 204 1314. The 
H-WTRU 202 then starts a second timer 1316, referred to as 
a T311 timer in LTE systems, and attempts connection rees 
tablishment. If the connection is reestablished with the same 
cell as that associated with the TRL 204 or a different cell 
before the T311 timer expires 1318, the H-WTRU 202 
remains in the RRC-CONNECTED state 420 1320 and per 
forms RCC connection reestablishment procedures 1322. If 
connection is not reestablished before the T311 timer expires 
1318, however, the H-WTRU 202 transitions to the RRC 
IDLE state 410 1324 and performs cell or base station rese 
lection 1326 in order to establish a TRL 204. 

0146 Alternatively, the H-WTRU 202 may continue XL 
203 operations for a configurable period of time after the RFL 
is declared on the TRL 204. Accordingly, if connection rees 
tablishment is for the H-WTRU 202 is successful, the asso 
ciation formed between the TWTRU 201 and the H-WTRU 
202 may be maintained and XL 203 operations may be con 
tinued with the TWTRU 201 using the reestablished connec 
tion. 
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0147 FIG. 14 shows a flow diagram for RLF detection on 
the XL 203 by a T-WTRU 201. The T-WTRU 201 is in the 
RRC-CONNECTED State 420 1402 and has a XL 203 estab 
lished. The TWTRU 201 detects a RLF on the XL 2031404. 
The T-WTRU 201 may detect the RLF because conditions 
have deteriorated on the XL 203 or because the H-WTRU 202 
has ceased transmission on the XL 203 due RFL of the TRL 
204. 

0.148. The TWTRU 201 starts a timer for the XL 203 
1406. The timer is referred to herein as the XL-T311 timer. 
The T-WTRU 201 then performs neighbor discovery, or cell 
or base station selection or selection 1408 in order to find a 
backup H-WTRU 206, a cell, or a base station for radio link 
establishment. If the T-WTRU 202 finds a backup H-WTRU 
206, a cell, or a base station before the timer expires 1410, the 
T-WTRU 201 remains in the RRC-CONNECTED State 420 
1412 and performs connection reestablishment 1414. If the 
T-WTRU 202 does not find a backupH-WTRU 206, a cell, or 
a base station before the timerexpires 1410, the T-WTRU 201 
ceases transmission, including reference signal transmission, 
on the XL 203 1416 and transitions to the RRC-IDLE state 
410. The TWTRU201 may then perform neighbordiscovery, 
or cell or base station selection or selection 1420 in order to 
establish a new radio link for network access. 
0149 FIG. 15 shows a flow diagram for RLF declaration 
on the TRL 203 by a H-WTRU 202. The H-WTRU 202 is 
operating in the RRC-CONNECTED state 420 1502 and has 
a TRL 204 with the base station 114 (for example, in accor 
dance with an LTE air interface) and a XL 203 with a 
T-WTRU 201. The H-WTRU 202 declares RLF on the XL 
203 1504 and starts a timer (for example, XL-T311) 1506. In 
the meantime, the H-WTRU 202 continues transmitting ref 
erence signals on the XL 203 1508. 
0150. If the XL 203 is recovered from RFL before the 
timer expires 1510, the H-WTRU 202 remains in the RRC 
CONNECTED state 420. If, however, the XL 203 is not 
recovered before the timer expires 1510, the H-WTRU 202 
ceases reference signal transmission on the XL 203 1514. If 
RLF is also declared on the TRL 204 1516, the H-WTRU 202 
transitions to the RRC-IDLE state 410 1518 and performs cell 
or base station reselection 1520 in order to establish a TRL 
204. 

0151. If RLF is not declared on the TRL 204 1516, the 
H-WTRU 202 informs the base Station 114 of the XL 203 
failure 1522, removes the radio bearers associated with the 
XL 203 1524. Further, the H-WTRU 202 receives an RRC 
connected release message from the base station 114 1526 
(for example, in the event that the TRL 204 was only estab 
lished or used to service the XL 203 and the H-WTRU 202 
does not need the TRL 204). 
0152 RCC connection reestablishment may be utilized 
for reestablishment of a radio link within a predefined period 
of time from when the radio link fails (i.e., due to RLF failure 
being declared). Radio link reestablishment may be per 
formed with the same party with which the radio link failed or 
with a different party. For example, a T-WTRU 201 that 
experienced RLF on XL 203 it has with the H-WTRU 202 
may reestablish the XL 203 with the backup H-WTRU 206. 
Further, a T-WTRU 201 that experienced RLF on XL 203 it 
has with the H-WTRU 202 may perform connection reestab 
lishment with the base station. The connection reestablish 
ment may be in accordance with an LTE or LTE-A air inter 
face, for example. The base station may determine that the 
T-WTRU 201 was previously accessing the network through 
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a H-WTRU 202 and RRC connection reconfiguration may be 
performed in order for the T-WTRU 202 to use the direct TRL 
205 with the base Station instead of the XL 203. 

0153 FIG. 16 shows a message flow diagram of connec 
tion reestablishment for a T-WTRU. The T-WTRU 201 has an 
XL with the H-WTRU 202. The H-WTRU 202 has a TRL 204 
with the base Station 114. The XL 203 fails 1602 and the 
T-WTRU 201 and the H-WTRU 202 may detect the failure. 
As a result, the H-WTRU 202 sends an RRC connection close 
message to the base station 1604 to terminate the TRL 204 
(for example, in the event that the TRL 204 is not needed to 
provide connectivity for the H-WTRU’s 202). As such, the 
H-WTRU 202 transitions to the RRC-IDLE state 410. 

0154) The TWTRU 201 performs cell or base station 
selection or reselection 1606 in order to establisha directTRL 
205 with the base station 114. Further, the TWTRU 201 also 
performs neighbor discovery 1606 in order to find a backup 
H-WTRU 206 through which the TWTRU 201 may receive 
network connectivity. The cell or base station selection or 
reselection may be performed in parallel with neighbor dis 
covery. Further, network or WTRU policy may dictate if or 
when cell or base station selection or reselection is inter 
rupted or terminated upon Successful discovery of a backup 
H-WTRU 206. 

(O155 In FIG.16, The T-WTRU 201 discovers the backup 
H-WTRU 206 and performs association information 
exchange with the backup H-WTRU 206 1608. The backup 
H-WTRU 206 transitions to the XL-Idle Substate 530. The 
TWTRU 201 sends an SR to the backupH-WTRU 206 1610 
and receives an XL grant 1614. Further, the backupH-WTRU 
206 performs a random access procedure and an RRC con 
nection exchange with the base station 1141612, as described 
with reference to numerals 910-918 in FIGS. 9A and 9B. 

0156 The TWTRU 201 sends an RRC connection rees 
tablishment request to the backupH-WTRU 206 1616 and the 
backupH-WTRU206 relays the RRC connection reestablish 
ment request to the base station 114 in an RRC information 
transfer message 1618. RRC connection reconfiguration is 
performed for the backup H-WTRU 206 1620, as described 
with reference to numerals 928-934 in FIGS. 9A and 9B. The 
base station 114 sends an RRC connection reestablishment 
message to the backup H-WTRU 206 1622, which is relayed 
to the TWTRU 2011624. Further, the T-WTRU 201 sends an 
RRC connection reestablishment complete message to the 
backup H-WTRU 206 1626, which is relayed to the base 
Station 114 1628. 

0157. If cell or base station selection or reselection is 
successful, the T-WTRU 201 performs RRC connection rees 
tablishment per the air interface, for example, LTE, of the air 
interface of the direct TRL 205. The base station 114 may 
determine or detect that the T-WTRU 201 has previously 
received connectivity via the XL 203 with the H-WTRU 202 
and reconfigure the RRC connection to operate on the direct 
TRL 205. 

0158. As described with reference to FIG. 16, due to the 
RLF of the XL 203 with the H-WTRU 202, the T-WTRU 201 
performs neighbor discovery in order to associate with the 
backup H-WTRU206 prior to XL 203 establishment with the 
backup H-WTRU 206. Alternatively, the T-WTRU 201 may 
be configured to perform neighbor discovery and associate 
with the backup H-WTRU 206 while the XL 203 with the 
H-WTRU 202 is established. Having associated with the 
backup H-WTRU 206, the TWTRU 201 may expediently 
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establish the XL 203 with the backup H-WTRU 206 upon 
RLF of the XL 203 with the H-WTRU 202. 
0159 FIG. 17 shows a message flow diagram of connec 
tion reestablishment for a T-WTRU. The T-WTRU 201 has an 
XL 203 with the H-WTRU 202, which has a TRL 204 with the 
base Station 114. The TWTRU 201 and the H-WTRU 202 are 
both in the XL-Active 540 Substate of the RRC-CON 
NECTED 420 state. Further, the TWTRU 201 has associated 
with the backup H-WTRU 206 and the T-WTRU 201 and the 
backup H-WTRU 206 may be exchanging keep alive mes 
sages. The backup H-WTRU 206 is in the XL-Inactive sub 
State 530. 

(0160 The XL 203 of the TWTRU 201 and the H-WTRU 
202 fails 1702. Because the association has been formed 
between the T-WTRU 201 and the backupH-WTRU 206, the 
backup H-WTRU 206 listens to transmissions from the 
T-WTRU 201 during DRX wake up 1704. The backup 
H-WTRU 206 may be in the RRC-IDLE 410 or RRC-CON 
NECTED 420 state. The T-WTRU 201 sends an SR during a 
DRX wake up cycle to the backup H-WTRU 206 to establish 
an XL 203 with the backup H-WTRU 206 1706 and the 
connection procedure may continue as described in FIG. 16. 
(0161 When the H-WTRU 202 detects or declares RLF on 
the TRL 204, the H-WTRU 202 may cease transmissions on 
the XL 203 as the XL 203 may be considered to be out-of 
sync. Accordingly, the TWTRU 201 may declare RLF on the 
XL 203. Further, H-WTRU 202 may perform connection 
reestablishment using procedures of the air interface of the 
TRL 204 in order to continue its own services or indicate 
failure of the XL 203 to the base station 114. In addition to 
connection reestablishment by the H-WTRU 202, the 
T-WTRU 201 may perform connection reestablishment on 
the XL 203. 
0162 System information updates may be provided to the 
T-WTRU 201 during association formation for determining 
whether camping on the cell on which the H-WTRU 202 is 
camped on or to which the H-WTRU 202 is connected is 
suitable or not. Further, system information may be utilized 
by the TWTRU 201 for XL 203 operations. During associa 
tion formation and when the T-WTRU 201 is in the RRC 
IDLE state 410, basic system information may be transmitted 
in an unscheduled manner. Further, additional extended sys 
tem information may be provided during connection estab 
lishment as described herein. Further, whenever there are 
changes in system information in the RRC-CONNECTED 
state 420, changes are relayed to the T-WTRU 201. The 
H-WTRU 202 may include system information as part of its 
data buffer and request XL 203 resources from the base sta 
tion as desired. Changes or updates to system information 
may be required to be transmitted to the TWTRU 201 by the 
H-WTRU 202 as compared with the last transmitted update or 
an initial extended system information. 
(0163 As described herein, a T-WTRU 201 having only an 
established XL 203 with a H-WTRU 202 may be said to be in 
WTRU-to-WTRU (W2W) coverage mode. Further, a 
T-WTRU 201 having a direct TRL 205 with the base station 
114 may be said to be in network coverage mode or infra 
structure coverage mode. A TWTRU 201 may transition 
between the W2W coverage mode and the infrastructure cov 
erage mode through handover between the two modes as 
described with reference to FIG. 18. 

0164 FIG. 18 shows handover from infrastructure cover 
age mode to W2W coverage mode. The T-WTRU 201 has a 
direct TRL 205 with the base station 114 and is, thus, in 
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infrastructure coverage mode. A handover may occur from 
the infrastructure coverage mode to W2W coverage mode. 
After the handover is performed, the T-WTRU 201 has a XL 
203 with the H-WTRU 202 and the H-WTRU 202 has a TRL 
with the base station through which coverage is provided to 
the TWTRU 201 in W2W coverage mode. It is noted that 
FIG. 18 depicts the TRL 204 being associated with the same 
base station 114 as the direct TRL 205 in what is described 
herein as intra-base station infrastructure coverage mode to 
W2W coverage mode handover. Inter-base station infrastruc 
ture coverage mode to W2W coverage mode handover will 
also be described shortly herein. 
(0165. The handover may occur because the T-WTRU 201 
is leaving the coverage area of the base station 114. Further, 
the handover may be triggered by the base station 114 or the 
TWTRU 201 based on a measurement of a link quality or a 
signal strength associated with the direct TRL 205. For 
example, if the base station 114 determines that direct TRL 
205 is at risk of loss or disconnection, the base station 114 
may trigger the handover to W2W coverage mode. 
(0166 FIGS. 19A1 and 19A2 show a message flow dia 
gram of infrastructure coverage mode to W2W coverage 
mode handover. The T-WTRU 201 is in infrastructure cover 
age mode having a direct TRL 205 with the base station 114. 
Accordingly, the T-WTRU 201 is in the RCC-CONNECTED 
state 420. Further, the TWTRU 201 is in the XL-Inactive 
substate 520 as the T-WTRU 201 has not formed association 
with the H-WTRU 201. 

(0167. The base station 114 sends an RRC measurement 
control message to the TWTRU 201 1902. The RRC mea 
Surement control message may configure or request the 
TWTRU 201 to perform measurements on the serving cell of 
the T-WTRU 201 or other cells, such as neighbor cells. The 
TWTRU 201 may perform measurements (for example, a 
signal strength of the direct TRL or the serving cell, or other 
cells). Further, the TWTRU 201 may determine that the 
signal strength for the serving cell or other cells is below a 
threshold or that other cells are not detected. 
0.168. The T-WTRU 201 may generate a measurement 
report based on the measurements and may send the measure 
report to the base station 114 1904. The measurement report 
may include an event code indicating that handover to W2W 
coverage mode is to occur or indicating that the TWTRU 201 
is ready for the handover. Based on the measurement report, 
the base station 114 may determine whether handover should 
be triggered. 
0169. If the base station 114 determines to trigger han 
dover, the base station 114 sends a message (RRC prepare for 
W2W coverage mode) informing the TWTRU 201 1906. 
When the T-WTRU 201 is informed that handover is trig 
gered, the TWTRU 201 may perform neighbor discovery in 
order to find a H-WTRU 202 1908. Alternatively, the 
TWTRU 201 may perform neighbor discovery before receipt 
of the message from the base station 114 and based on deter 
mining that the signal strength of the serving cell is below the 
threshold. Furthermore, a T-WTRU 201 may be configured to 
always perform neighbor discovery, for example, at all time 
or independent or regardless of signal strength of its serving 
cell, in order to find a H-WTRU 202 to which the TWTRU 
201 may associate. 
(0170. After neighbor discovery is performed 1908, the 
T-WTRU 201 and the H-WTRU 202 may exchange associa 
tion information 1910. In the association information 
exchange, the TWTRU 201 and the H-WTRU 202 may 
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exchange association information messages. Then, the 
H-WTRU 202 sends basic system information to the 
T-WTRU 201 1912. The basic system information may be 
associated with the H-WTRU 202 and include a public land 
mobile network (PLMN) ID, cell ID, RRC state, tracking area 
indicators (TAI) list, S-TMSI (if the H-WTRU 202 is in the 
RRC-IDLE state 410), or cell-RNTI (C-RNTI) (if the 
H-WTRU 202 is in the RRC-CONNECTED state 420) of the 
H-WTRU 202. 

(0171 As described herein, the TWTRU 201 may perform 
association information exchange with a plurality of potential 
H-WTRU 202 and may receive basic system information 
from the plurality of the potential H-WTRU 202. The 
T-WTRU 201 may select a H-WTRU 202 1914 from the 
plurality of potential H-WTRU 202 and may send the 
H-WTRU 202 a message indicating that the H-WTRU 202 
was selected to perform its role on the XL 2031916. After the 
H-WTRU 202 is selected, the H-WTRU transitions to the 
XL-Idle substate 530 but may remain in the RRC-IDLE state 
410. 

0172. The TWTRU 201 then sends an RRC association 
request message to the base station 114 1918 indicating that 
the H-WTRU 202 is selected. The RRC association request 
message may include an identity associated with the 
H-WTRU 202 (for example, cell ID, S-TMSI, or C-RNTI). 
The base station 114 registers the association between the 
T-WTRU 201 and the H-WTRU 202 with the MME 142 
1920. Further, the base station 114 may determine the base 
Station 114 with which the H-WTRU 202 has a TRL 204. In 
this instance, the TRL 204 is established with the base station 
114. 

(0173 If the H-WTRU 202 is not in the RRC-CON 
NECTED state 420, the base station may send a TAI list and 
S-TMSI to the MME 142 for the MME 142 to page the 
H-WTRU 202 in order for the H-WTRU 202 to transition to 
the RRC-CONNECTED state 420 1922. Alternatively, the 
MME 142 may page the H-WTRU 202 via the base station 
114. 

(0174) To configure the H-WTRU 202, the base station 114 
sends an RRC reconfiguration message to the H-WTRU 202 
1924. The RRC reconfiguration message, also described with 
reference to numeral 930 in FIGS. 9A and 9B, includes a 
mapping between the SRBs and DRBs for the H-WTRU 202 
and the T-WTRU 201 and may also include DRX configura 
tion. The H-WTRU 202 then responds with an RRC recon 
figuration complete message to the base station 114 1926. 
The base station 114 then allocate an XL grant and sends the 
XL grant to the H-WTRU 202 1928. The XL grant may 
include a grant for uplink transmission on the XL 203 and a 
grant for downlink transmission on the XL 203. 
(0175. The H-WTRU 202 pages the T-WTRU 201 1930 
and sends an initial configuration message to the TWTRU 
201 1932. The initial configuration message may include the 
grants for uplink and downlink transmission on the XL 203. 
Upon receiving the page, the TWTRU 201 transitions to the 
XL-Idle Substate 530 and hands over its SRBs and DRBS 
from the direct TRL 205 to the XL 203. 
(0176). After transitioning into the XL-Idle substate 530, 
the T-WTRU 201 may receive an RRC reconfiguration mes 
sage from the base station 1934. The RRC reconfiguration 
message may be received on SRB1, which is tunneled 
through a DRB of the H-WTRU 202. The RRC reconfigura 
tion message may include an XL-RNTI for use by the 
T-WTRU 201 or the T-WTRU 201 may use the TWTRU’s 
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existing C-RNTI. The T-WTRU 201 may confirm reception 
of the RRC reconfiguration message by sending a RRC 
reconfiguration complete message to the base station 114 also 
on SRB1, which is tunneled through a DRB of the H-WTRU 
202. Alternatively, the RRC reconfiguration message and the 
RRC reconfiguration complete message may be exchanged 
over the direct TRL 205 if it remains established. After the 
exchange of the RRC reconfiguration and the RRC reconfigu 
ration complete messages, handover is completed 1938. 
(0177. It is noted that the T-WTRU 201 and the H-WTRU 
202 may use an association timer to guard against the asso 
ciation consuming more than an allotted time to complete. 
For example, the TWTRU 201 may start an association timer 
when the T-WTRU 201 sends the association request message 
to the base station 1918. If the association timer expires 
before the T-WTRU 201 receives the RRC reconfiguration 
message from the base station 1934, the TWTRU 201 may 
restart association information exchange 1910 and H-WTRU 
202 selection 1914, 1916. 
(0178 Similarly, the H-WTRU 202 may start an associa 
tion timer when it receives the Selected as H-WTRU 202 
message from the T-WTRU 201 1916. If the association timer 
expires before receipt of the RRC reconfiguration message 
from the base station 1934, the H-WTRU 202 may cease XL 
203 operation and transition back to the XL-Inactive substate 
420. 

(0179 The TWTRU 201 may utilize a keep alive timer 
when in the XL-Idle substate 530. The keep alive timer may 
be used to ensure that the T-WTRU receives keep alive mes 
sages from the H-WTRU 202. Furthermore, the base station 
114 may utilize a handover timer to ensure that RRC recon 
figuration is received by the TWTRU 201, as described with 
reference to FIG. 19B. 
0180 FIG. 19B shows a message flow diagram for the 
keep alive timer and the handover timer. The T-WTRU 201 
starts the keep alive timer 1952 and awaits receipt of a keep 
alive message from the H-WTRU 202 1954. Upon receipt of 
the keep alive message, the TWTRU 202 resets the keep alive 
timer 1956. If the keep alive timer expires before receipt of the 
keep alive message 1954, the T-WTRU 201 may assume that 
XL 203 has failed and may perform neighbor discovery, 
exchange association information, or select a different 
WTRU to become a H-WTRU 202. 

0181. The base station 114 may start a handover timer 
1958 when the base station sends the RRC reconfiguration 
message to the T-WTRU 201 1934. If the RRC reconfigura 
tion complete message from the T-WTRU 201 1936 is not 
received before the handover timer expires, for example, due 
to XL 203 failure, the base station 114 may determine that the 
handoveror XL 203 connection establishment has failed. The 
base station 114 may send an RRC reconfiguration message 
to the H-WTRU 202 1960 to indicate to the H-WTRU 202 to 
terminate its role as the H-WTRU 202. The H-WTRU 202 
may then send an RRC reconfiguration confirm message to 
the base station 114 1962 indicating receipt of the RRC recon 
figuration message 1964 or termination of the H-WTRU’s 
202 role in the XL 203. 
0182. In an embodiment, the base station 114 may reject 
the association request sent from the T-WTRU 201 by the 
RRC association request message 1918, as described with 
reference to FIG. 20. 
0183 FIG. 20 shows a flow diagram for base station 114 
rejection of the RRC association request. The TWTRU 201 
sends an association request message to the base station 114 



US 2016/0241.325 A1 

1918 and the base station 114 rejects the association request 
2002. The base station 114 sends an RRC association reject 
message to the T-WTRU 201 2004. The TWTRU 201 con 
firms receipt of the RRC association reject message by send 
ing an RRC association reject confirmation message to the 
base Station 114 2006. 

0184 As described herein, handover from direct TRL cov 
erage mode to W2W coverage mode for a T-WTRU 201 
utilizes the direct TRL 205 of the TWTRU 201 for the 
exchange of RRC messages. If the direct TRL 205 of the 
T-WTRU 201 fails prior to association formation, the 
T-WTRU 201 may follow procedures of the air interface of 
the directTRL 205 for connection reestablishment. Further, if 
the base station 114 has already sent the RRC reconfiguration 
message to the H-WTRU 202 1924, the base station may send 
another RRC reconfiguration message to the H-WTRU 202 to 
terminate the H-WTRU’s 202 role in the W2W coverage 
mode for the TWTRU 201. 
0185. If the XL 203 between the T-WTRU 201 and the 
H-WTRU 202 fails after association between the TWTRU 
201 and the H-WTRU 202 is formed, i.e., after the exchange 
of association information 1910 and receipt of basic system 
information by the T-WTRU 201 1912, keep alive messages 
may not be exchanged between the T-WTRU 201 and the 
H-WTRU 202. As such, both the TWTRU 201 and the 
H-WTRU 202 are able to detect the failure and the TWTRU 
201 and association H-WTRU 202 selection may restart. 
0186 Handover between infrastructure coverage mode 
and W2W coverage mode may also be performed inter-base 
station, i.e., the XL 203 and the direct TRL 205 are associated 
with cells belonging to different base stations. Upon receiv 
ing the RRC association request message from the TWTRU 
201 1918, the base station 114 may send the TAI list and 
S-TMSI associated with the H-WTRU 202 to the MME 142 
and may request the MME 142 to page the H-WTRU202. The 
base station may also follow handover procedures of the air 
interface, for example, LTE handover procedures, and may 
send a handover request to the base station associated with the 
H-WTRU 202 including T-WTRU 201 and H-WTRU 202 
configuration. 
0187 Upon receiving the handover request, the target base 
station may configure the H-WTRU 202 for its role using the 
procedure described with reference to numerals 1922-1926 of 
FIGS. 19A1 and 19A2. After receiving the RRC reconfigu 
ration complete message from the H-WTRU 202, the target 
base station may send a handover request acknowledgement 
back to the base station 114 though the X2-C interface. Upon 
receiving the handover request acknowledgement from the 
target base station, the base station may configure the 
T-WTRU 201 for its role. The base station 114 may then send 
the RRC reconfiguration message 1934 to the T-WTRU 201. 
After receiving the handover request acknowledgement from 
the target base station, the Source base station 114 may also 
forward any PDCP status and unacknowledged data to the 
target base station. Further, the Source base station 114 may 
receive an XL-RNTI and security parameters from the target 
base station in the handover request acknowledgement, 
which the source base station sends to the T-WTRU 201 in the 
RRC reconfiguration message 1934. 
0188 Whereas FIGS. 19A1 and 19A2 show association 
between the T-WTRU 201 and the H-WTRU 202 being per 
formed over the direct TRL 205 of the TWTRU, association 
may be formed over TRL 204 of the H-WTRU 202, as 
described with reference to FIGS. 21A and 21 B. 
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0189 FIGS. 21A and 21B show a message flow diagram 
of infrastructure coverage mode to W2W coverage mode 
handover with association formation performed over the TRL 
204. In FIGS. 21A and 21B, radio link measurement, neigh 
bor discovery, and association information exchange have 
been performed as described with reference to FIGS. 19A1 
and 19A2. In addition, basic system information was received 
by the T-WTRU 201. The TWTRU 201 sends a selected as 
H-WTRU message to the H-WTRU 202 indicating selection 
for the role 2102. The selected as H-WTRU message may be 
used to initiate association over the TRL 204. The H-WTRU 
202 transitions to the RRC-CONNECTED state 2104 by 
performing a random access procedure or connection setup 
2104. 

(0190. The TWTRU 201 sends a SR to the H-WTRU 202 
2106 to request an XL grant for sending messages over the XL 
203. The H-WTRU 202 relays the SR to the base station 114 
2108. The base station 114 assigns a XL grant to the TWTRU 
201, which may includeanuplink grantanda downlink grant, 
and sends the XL grant to the H-WTRU 202 2110. The 
H-WTRU 202 forwards the XL grant to the T-WTRU 201 
2112. 

(0191 Having the XL grant, the TWTRU 201 sends an 
RRC association information message to the H-WTRU 202 
2114. The RRC association information message may 
include identifiers associated with the T-WTRU 201, such as 
a C-RNTI or cell ID. The H-WTRU 202 then sends an RRC 
association request message to the base station 1142116. The 
RRC association request message may include the identifiers 
associated with the TWTRU 201 and the base station regis 
ters the association between the T-WTRU 201 and the 
H-WTRU 202 with the base Station 114. The remainder of the 
handover procedure is the same as the handover procedure 
described with reference to numerals 1924-1938 in FIGS. 
19A1 and 19A2. 

(0192 Alternatively, the T-WTRU 201 may send its iden 
tifiers in the selected as H-WTRU message to the H-WTRU 
202. 2102 instead of the RRC association information mes 
sage 2114 and the T-WTRU 201 may not be required to send 
the RRC association information message 2114. Further, an 
inter-base station procedure may be used as described herein. 
(0193 As previously described, a handover from W2W 
coverage mode to infrastructure coverage mode may be per 
formed. The handover may be triggered based on a radio link 
measurement of the XL 203 or the TRL 204. For example, if 
the XL 203 link quality deteriorates, handover may be per 
formed to the infrastructure coverage mode and communica 
tion may be continued on the direct TRL 205. Further, a 
TWTRU 201 may perform neighbor cell search, for example, 
on a periodic basis, and measurements of the link quality of a 
neighbor cell may be taken while the T-WTRU 201 is in the 
W2W coverage mode. The measurements may also be 
reported back to the base station 114 or the network. If the 
measurements indicate that an appropriate cell is available to 
provide service to the T-WTRU on the direct TRL 205, han 
dover to the W2W coverage mode may be triggered. 
0194 The handover from W2W coverage mode to infra 
structure coverage mode may be an intra-base station han 
dover, whereby the base station associated with the TRL 204 
of the W2W coverage mode is the same as the base station 
associated with the direct TRL 205 of the infrastructure cov 
erage mode. The handover may also be an inter-base station 
handover, whereby the base station associated with the TRL 
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204 of the W2W coverage mode is different than the base 
station associated with the direct TRL 205 of the infrastruc 
ture coverage mode. 
0.195 FIG. 22 shows a message flow diagram for inter 
base station handover from the W2W coverage mode to infra 
structure coverage mode. The T-WTRU 201 has a XL 203 
with the H-WTRU 202 and the H-WTRU 202 has a TRL 204 
with the source base station 114. As such, the T-WTRU 201 is 
in W2W coverage mode using the source base station. A 
handover is to be performed from the W2W coverage mode to 
infrastructure mode, whereby after the handover the 
T-WTRU 201 has a direct TRL 205 with the target base 
station. A backup H-WTRU 206 is shown in FIG. 22. 
0196. The RRC measurement control message and the 
RRC measurement report message 1902, 1904 are exchanged 
with the source base Station 114. The T-WTRU 201 deter 
mines that neighbor cell measurement indicates a cells qual 
ity being above a threshold 2202 and a handover to infrastruc 
ture coverage mode the target base station is decided upon. 
The source base station 114 sends the handover request to the 
target base station 2204, for example, over a X2-C link. The 
target base station performs admission control 2206 and 
sends a handover request acknowledgement to the Source 
base station 1142208. Upon receiving the handover request 
acknowledgement 2208, for example, on the X2-C link, the 
source base station 114 forwards a PDCP status and any 
unacknowledged PDCPPDUs to the target base station 2212. 
The source base station 114 also sends an RRC XL handover 
command message to the TWTRU 2012210. The RRC XL 
handover command message may include a handover type 
indicating a W2W coverage mode to infrastructure coverage 
mode handover and instructing the TWTRU to perform the 
handover. The RRC XL handover command message may 
include configuration parameters related to the T-WTRU 201. 
The configuration parameters may be sent to the Source base 
station by the target base station in the handover request 
acknowledgement 2208. The configuration parameters may 
include a new C-RNTI, security parameters, or random 
access procedure parameters. 
0197) Upon receiving the RRC XL handover command 
message 2210, the T-WTRU 201 may detach from the XL 
203, transition to the XL-Inactive substate 520, and begin 
synchronization to the target base station. A random access 
procedure is performed between the T-WTRU 201 and the 
target base station 1142214 to gain access over the direct 
TRL 205 to the target base station. 
0198 After the random access procedure is performed 
2214, the target base station sends uplink allocation and tim 
ing advance information in an RRC message to the TWTRU 
201 2216. The T-WTRU 201 responds with an RRC XL 
handover confirmation message 2218. The target base station 
then sends a release resource message to the Source base 
station 114 2220 and the source base station 114 sends an 
RRC reconfiguration message to the H-WTRU 2022222 to 
instruct the H-WTRU 202 to cease its role. Accordingly, the 
H-WTRU 202 may transition to the XL-Inactive substate 520 
and handover for the TWTRU 201 is complete 2224. The 
source base station 114 may also send the RRC reconfigura 
tion message to any backup H-WTRUs 206. 
0199. In intra-base station handover, only the source base 
station is concerned with the handover and messaging and 
information need not be exchanged between the Source base 
station 114 and the target base station. That is, the Source base 
station 114 receives an RRC reconfiguration complete mes 
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sage from the T-WTRU 201 and sends an RRC reconfigura 
tion message to the H-WTRU 202 or any backup H-WTRUs 
206 to instruct the H-WTRU 202 and the backup H-WTRUs 
206 to cease their roles on the XL 203, or potential XL, 
respectively. 
(0200. In addition to handover between the W2W coverage 
mode and the infrastructure coverage mode described herein, 
handover may be performed between H-WTRUs in the W2W 
coverage mode as described with reference to FIG. 23A. 
0201 FIG. 23A shows handover between H-WTRUs in 
the W2W coverage mode. AT-WTRU 201 has a XL 203 with 
a H-WTRU 202 and the H-WTRU 202 has a TRL 204 with the 
base station. The T-WTRU 201 is in W2W coverage mode 
and receives network services through the XL 203 and the 
TRL 204. A H-WTRU 202 handover may be performed 
whereby the T-WTRU 201 has an XL 203 with a backup 
H-WTRU 206 and receives network services and coverage 
through the XL 203 and the backupH-WTRU’s 206 TRL 204 
with the base station. 
(0202 The H-WTRU 202 and the backup H-WTRU 206 
may have a TRL 203 with the same base station, whereby an 
intra-base station handover is said to be performed, or may 
have a TRL 203 with different base stations, whereby an 
inter-base station handover is said to be performed. 
0203 H-WTRU handover may be triggered because the 
H-WTRU 202 seeks to terminate its role on the XL 203, the 
XL 203 with the H-WTRU 202 has failed, due to a measure 
ment report, or due to handover of the TRL 204 of the 
H-WTRU 202 to another cell or base Station. 

(0204 For the XL 203 to be established with the backup 
H-WTRU 206, the TWTRU 201 may perform backup 
H-WTRU 206 selection and association information may be 
exchanged between the TWTRU 201 and the backup 
H-WTRU 206. The T-WTRU 201 may be in the RRC-CON 
NECTED state 420 and the XL-Active 540 substate using the 
established XL 203 when performing backup H-WTRU 206 
selection and exchanging association information. 
(0205 Backup H-WTRU 206 selection and association 
may be performed prior to handover being triggered or after 
the handover is triggered. The network may request the 
T-WTRU 201 to search for a backup H-WTRU 206 or per 
form backup H-WTRU 206 selection using an RRC message 
of search for backup H-WTRU, or a trigger event, such as 
entering the RRC-CONNECTED state 420 or the XL-Active 
540 Substate, may be configured. It is recognized that having 
a selected backup H-WTRU 206 prior to performing 
H-WTRU 202 handover reduces handover time. Conversely, 
maintaining the backup H-WTRU 206 in the RRC-CON 
NECTED state 420, especially after association has been 
formed, adversely impacts the backup H-WTRU’s 206 bat 
tery power. 
(0206. Alternatively, backup H-WTRU 206 selection and 
association may begin prior to performing handover, either as 
controlled by the TWTRU’s 201 associated base station 114 
or as determined by the T-WTRU 201 according to XL 203 
quality based on a measurement and any hysteresis. As such, 
backup H-WTRU 206 selection and association is followed 
by the handover procedure and power savings are achieved. 
However, a longer handover time may be experienced. 
0207. When performing H-WTRU 202 handover, neigh 
boring base stations or cells may be synchronized for inter 
base station mobility. Further, different operators may use the 
same XL resources for neighbor discovery and association or 
other purposes. Additionally, the H-WTRU 202 and the 



US 2016/0241.325 A1 

backupH-WTRU206 may be associated with the same MME 
142. Further, as described herein data or control information 
may not be required to be exchanged between the H-WTRU 
202 and backup H-WTRU 206. 
0208. To perform H-WTRU 202 handover, neighbor dis 
covery is performed to find a backup H-WTRU 206 and the 
backup H-WTRU 206 is selected and association is formed 
between the T-WTRU 201 and the backup H-WTRU 206. 
Further, association messages are also exchanged between 
the TWTRU 201 and the network. The exchange of associa 
tion messages with the network may be performed using the 
H-WTRU’s 202 TRL 204 or the backup H-WTRU 206 TRL 
204. 

0209 FIGS. 23B 1 and 23B2 show a message flow dia 
gram forbackupH-WTRU 206 selection and association. The 
T-WTRU 201 has an XL 203 with the H-WTRU 202 and the 
H-WTRU 202 has a TRL 204 with the base Station 114. 
Further, the TWTRU 201 and the H-WTRU 202 are both in 
the XL-Active Substate 540 of the RRC-CONNECTED State 
420. 

0210. The base station sends the RRC search for backup 
H-WTRU message to the T-WTRU 2012302 to request a 
search for a backup H-WTRU 206. Alternatively, the search 
for backup may be triggered by the network or the TWTRU 
201 based on other conditions as described herein. The 
T-WTRU 201 performs neighbor discovery and exchanges 
association messages with the backup H-WTRU 206 and 
receives basic system information from the backupH-WTRU 
2062304, as described with respect to the H-WTRU 202 with 
reference to numerals 1908-1912 in FIG. 19 A. 

0211. The T-WTRU 201 selects the backupH-WTRU 206 
2306 and sends the RRC selected as H-WTRU 202 message 
to the backup H-WTRU 2062308 to indicate its selection as 
the backup H-WTRU 206. The T-WTRU 201 then sends an 
RRC backup H-WTRU association request message to the 
base station 1142310. The RRC backup H-WTRU associa 
tion request message is similar to the RRC association request 
message described with reference to numeral 1918 and may 
include an identity of the backup H-WTRU 206. If the 
T-WTRU 201 is aware that the backup H-WTRU 206 is 
connected to or camped on the same cell as the TWTRU 201, 
(for example, by comparing the backup H-WTRU’s 206 cell 
ID with its own cell ID), the T-WTRU 201 may only send the 
C-RNTI or S-TMSI of the backup H-WTRU 206. 
0212. The base station registers the association and deter 
mines the base station associated with the backup H-WTRU 
206. The base station 114 may identify that the backup 
H-WTRU 206 is connected to or camped on the base station 
114 itself by checking the backup H-WTRU’s 206 cell ID. If 
the backup H-WTRU 206 is not yet in the RRC-CON 
NECTED state 420, the base station 114 requests the MME 
142 to page the backup H-WTRU 206 using the backup 
H-WTRUS 206 TAI list or S-TMSI in order to transition the 
backup H-WTRU 206 to the RRC-CONNECTED state 420 
2314. 

0213. The base station 114 sends an RRC reconfiguration 
message to the backup H-WTRU 206 2316 to configure the 
backup H-WTRU 206 for its role as a H-WTRU for the 
T-WTRU 201. The RRC reconfiguration message may 
include a backup XL-RNTI of the TWTRU 201, configura 
tion of the TWTRU’s 201 tunneled DRBS or SRBs on the 
backup H-WTRU 206, and DRX information. The backup 
XL-RNTI may be used to identify the XL between the 
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T-WTRU and the backup H-WTRU, whereas the XL-RNTI 
may be used to identify the XL between the TWTRU and the 
current H-WTRU. 
0214. Upon receiving the RRC reconfiguration message, 
the backup H-WTRU 206 transitions to the XL-Idle substate 
530 and assumes the role of a backup H-WTRU for the 
T-WTRU 201. The backup H-WTRU 206 also sends an RRC 
reconfiguration complete message to the base station 114 
2318 to confirm its role and assignment on the XL 203. The 
base station 114 sends an RRC reconfiguration message to the 
T-WTRU through the tunneled SRB1 of H-WTRU 2022320. 
Upon receiving the RRC reconfiguration message, the 
TWTRU 201 responds with a RRC reconfiguration complete 
message 2322 through the tunneled SRB1 of the H-WTRU 
202 to confirm the backup H-WTRU 206 assignment. The 
T-WTRU and the backup H-WTRU 206 exchange keep alive 
messages to maintain their association. 
0215. The network or base station 114 may reject the RRC 
backup H-WTRU association request of the TWTRU 201 
2310, as described with reference to FIG. 23C. 
0216 FIG. 23C shows a message flow diagram of the 
rejection of RRC backup H-WTRU association request. The 
T-WTRU 201 sent the RRC backup H-WTRU association 
request to the T-WTRU 2012310. The base station 114 rejects 
the association between the TWTRU 201 and the backup 
H-WTRU 206, for example due to the failure of the TRL 204 
of the backup H-WTRU 206. 
0217. The base station 144 sends an RRC association 
reject message to the T-WTRU 201 through the tunneled 
SBR1 of the H-WTRU 202 2332. The TWTRU 201 then 
sends an RRC association reject confirm message to the base 
station 114 through the tunneled SRB12334. The base station 
114 then sends an RRC search for backupH-WTRU message 
2336 to the TWTRU 2012336 to instruct the T-WTRU 201 to 
search for another WTRU as a backup H-WTRU 206 and 
attempt exchanging association information again. The 
T-WTRU 201 clears backup H-WTRU assignment and 
restarts backup H-WTRU 206 association 2338. 
0218. An association timer may be used by the TWTRU 
201 to guard against the association procedure consuming an 
extended time to occur. Further, a keep alive timer may be 
used by both the T-WTRU and the backup H-WTRU 206 in 
order to maintain a viable XL 203. 
0219 FIG. 23D shows a message flow diagram for the 
utilization of an association timer and a keep alive timer. The 
T-WTRU 201 starts an association timer 2342 when the 
TWTRU 201 sends the RRC association request message to 
the base station 1142310. The T-WTRU then awaits receipt of 
the RCC reconfiguration message from the base station 114 
2320. If the timer expires before receiving the RCC recon 
figuration message from the base station 114 2320, the 
TWTRU restarts the association procedure and backup 
H-WTRU 206 selection. It may not be required for the backup 
H-WTRU 206 to start an association timer because the 
backup H-WTRU 206 may either not receive an the RRC 
reconfiguration message from the base station 114 2314 in 
which case the backupH-WTRU 206 is not configured for the 
XL 203 or the base station 114 may detect an error and send 
another RRC reconfiguration message to remove XL 203 
related configuration. 
0220. If the RRC reconfiguration message is received 
before the association timer expires, the TWTRU 201 stops 
the association timer 2344, sends the RRC reconfiguration 
complete message to the base station 1142322 and remains in 
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the XL-Idle Substate 530 of the RRC-CONNECTED State 
420. Further, the T-WTRU may go into DRX mode for power 
saving and the base station may inform the T-WTRU 201 of 
the backup H-WTRU’s 206 DRX cycle in the event that the 
backupH-WTRU206 is in DRX mode. As such, the TWTRU 
201 knows when to initiate the XL 203 in handover between 
the H-WTRU 202 and the backup H-WTRU 206. If the 
H-WTRU 202 is also in DRX mode, the backup H-WTRU’s 
206 DRX cycle may be configured to be synchronized to the 
H-WTRU’s 202 DRX cycle to reduce delay on XL in the 
handover from the H-WTRU 202 to the backup H-WTRU 
206. 

0221 Keep alive messages are exchanged between the 
T-WTRU 201 and the backup H-WTRU 206 to ensure the 
integrity of the XL 203. Keep-Alive timers on both the 
T-WTRU 201 and the backupH-WTRU 206 are started 2346 
and are reset each time a Keep-Alive message is received. If 
the XL 203 degrades and a keep alive message is not received 
(as indicated by the dashed line in FIG. 23D) before the keep 
alive timer expires 2348, the TWTRU 201 may restart the 
association process and backupH-WTRU 206 selection 2350 
and the backup H-WTRU 206 may terminate its role and 
transition to the XL-Inactive substate 520. For instance, the 
T-WTRU 201 may sendan RRC measurement message to the 
base station 114, which indicates that the XL 203 failed, and 
may receive an RRC search for backup H-WTRU message 
from the base station 114. 

0222. In inter-base station H-WTRU handover for W2W 
coverage mode, the neighbor discovery process and backup 
H-WTRU 206 selection may be the same as in the intra-base 
station H-WTRU handover. However, upon receipt of the 
RRC backup H-WTRU association request message 2310 
through tunneled SRB1, the source base station (i.e., that 
associated with the H-WTRU 202) may identify the target 
base station associated with the backup H-WTRU 206 using 
the backup H-WTRU’s 206 cell ID included in the message. 
The source base station may request the MME 142 to page the 
backup H-WTRU 206 in order to transition the backup 
H-WTRU 206 to the RRC-CONNECTED State 420 if it is not 
in the RRC-CONNECTED State 420. The Source base Station 
may then send a configuration message including information 
associated with the T-WTRU’s 201 to the target base station 
via the X2-C interface. The information may include configu 
ration of the tunneled DRBs or SRBs and DRX related param 
eters. 

0223. Upon receiving the configuration message, the tar 
get base station (as opposed to the Source base station as 
described with reference to numerals 2316, 2318 in FIGS. 
23B1 and 23B2) sends an RRC reconfiguration message to 
the backup H-WTRU to convey the T-WTRU's configuration 
related to its tunneled DRB/SRBs. In addition, a backup 
XL-RNTI and security parameter determined by the target 
base station may be sent to the backup H-WTRU 206 in the 
message. Further, after transitioning to the XL-Idle Substate 
520, the backup H-WTRU 206 sends the RRC reconfigura 
tion complete message to the target base station and assumes 
its role on the XL 203. 
0224. The target base station may send a backupH-WTRU 
configuration confirmation message to the source base station 
through the X2-C interface. The backup H-WTRU configu 
ration confirmation message may include a backup XL-RNTI 
and security parameters. Upon receiving the backup 
H-WTRU configuration confirmation message, the source 
base station may now send the RRC reconfiguration message 
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to the T-WTRU 201 through the tunneled SRB1 2320. The 
RRC reconfiguration message informs the T-WTRU of the 
success of backupH-WTRU 206 association and conveys the 
backup XL-RNTI and security parameters. Further, the 
TWTRU 201 responds with an RRC reconfiguration com 
plete message to the Source base station through tunneled 
SRB12322 and the TWTRU 201 and the backup H-WTRU 
206 exchange keep alive message or messages 2324. 
0225. As described with reference to FIGS. 23B-C, mes 
saging for the handover between the H-WTRU 202 and the 
backup H-WTRU 206 is performed via over the XL 203 and 
the TRL 204 of the H-WTRU 206. Alternatively, the messag 
ing for handover may be performed via messaging over the 
XL 203 and the TRL 204 of the backup H-WTRU 206, 
whereby association-related information is exchanged with 
the network through the backup H-WTRU’s 206 XL 203 and 
TRL 204. 

0226 FIG. 24 shows a message flow diagram for backup 
H-WTRU 206 selection and association. The RRC search for 
backup H-WTRU 206 message is received by the T-WTRU, 
neighbor discovery is performed, association information is 
exchanged, basic system information is received by the 
T-WTRU 201 and a backupH-WTRU206 is selected 2402, as 
described herein. The T-WTRU 201 sends a selected as 
backup H-WTRU message to the backup H-WTRU 206 
2404. The selected as backup H-WTRU message includes 
information or an identity associated with the T-WTRU 201, 
such as a cell ID and an XL-RNTI. 

0227. Upon receiving this message, if the backup 
H-WTRU 206 is not in the RRC-CONNECTED state 420, the 
backup H-WTRU 206 performs a random access procedure 
or a connection setup procedure in order to transition to the 
RCC-CONNECTED state 420. The backup H-WTRU 206 
then sends an RRC backup H-WTRU association request 
message to the base station 114 2408. The RRC backup 
H-WTRU association request message may include the cell 
ID or XL-RNTI of the T-WTRU 201. 

0228. The base station 144 registers the association and 
determines the base station associated with the T-WTRU 201 
and H-WTRU 202 and their XL 203 and TRL 204 2410. In 
this message flow diagram, the base station 114 is associated 
with both the TWTRU 201 and H-WTRU 202 and their XL 
203 and TRL 204 2410. The reconfiguration of the backup 
H-WTRU 206 and T-WTRU 201 is then performed 2412 as 
described herein, for example with reference to numerals 
23.16-2322 of FIGS. 23B1 and 23B2. 

0229. If the network or the base station 114 rejects the 
backup H-WTRU association request 2408, the base station 
sends an RRC association reject message to the T-WTRU via 
the tunneled SBR1 through the H-WTRU 202. The T-WTRU 
201 responds with an RRC association reject confirm mes 
sage to the base station through the tunneled SRB1, i.e., via 
the H-WTRU 202. 

0230. It is noted that because the TWTRU 201 does not 
send a selected as backup H-WTRU 206 message to the base 
station, the TWTRU 201 may start the association timer 
when the TWTRU 201 sends the selected as backup 
H-WTRU 206 message to the backup H-WTRU 206. If the 
RRC reconfiguration message or the RRC association reject 
message 2332 are not received when the association timer 
expires, the T-WTRU 201 may determine that the association 
process has failed and may restart backup H-WTRU 206 
selection and the association process. 
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0231. As described with reference to FIG. 24, the same 
base station 114 is associated with the TRL 204 on the 
H-WTRU 202 and the TRL 204 on the backupH-WTRU 206, 
i.e., an intra-base station procedure is performed. If a source 
base Station is associated with the TRL 204 of the H-WTRU 
202 and a target base station is associated with the backup 
H-WTRU 206, an inter-base station procedure is said to be 
performed. 
0232. In the inter-base station procedure, the target base 
station receives the RRC backup H-WTRU association 
request 2408 and determines that a source base station differ 
ent than itself is associated with the direct TRL of the 
H-WTRU and the T-WTRU 201. The target base station iden 
tifies the source base station, for example, using the T-WT 
RU's cell ID. The target base station (which receives the RRC 
backupH-WTRU association request 2408) sends a T-WTRU 
information request message to the source base station 
through the X2-C interface between the source and target 
base station. Upon receiving the TWTRU information 
request message, the source base station sends a T-WTRU 
information acknowledgement message through the X2-C 
interface to the target base station. The TWTRU information 
acknowledgement message may include parameters of the 
T-WTRU. The parameters may include a configuration of the 
tunneled DRBs/SRBs or DRX parameters. 
0233. Further, when reconfiguring the backup H-WTRU 
206 using the RRC reconfiguration message, the target base 
station includes TWTRU 201 configuration parameters 
received from the source base station. The RRC reconfigura 
tion message may also include a backup XL-CRNTI assigned 
by the target base station. The backupH-WTRU 206 responds 
with an RRC reconfiguration complete message and the tar 
get base station sends an X2-C message confirming the con 
figuration of the backup H-WTRU 206 to the source base 
station. The configuration confirmation message may include 
the backup XL-RNTI for the TWTRU 201. The source base 
station may then register the association and send an RRC 
reconfiguration message to the TWTRU to confirm the suc 
cess of the backupH-WTRU 206 association and convey the 
backup XL-RNTI. The T-WTRU then responds to the source 
base with the RRC reconfiguration complete message. 
0234 Alternatively, instead of including an identity asso 
ciated with the T-WTRU 201 in the selected as backup 
H-WTRU message, the TWTRU 201 may send a scheduling 
request (SR) for the XL to the backup H-WTRU 206. The 
backup H-WTRU 206 may then enter the RRC-CON 
NECTED state 420 using a random access procedure or a 
connection setup procedure, such as the RRC connection 
setup procedure of LTE, if the backupH-WTRU 206 is not in 
the RRC-CONNECTED state 420. The backup H-WTRU 
206 may then forward the SR to the base station and receive 
XL grants back from the base station. The backup H-WTRU 
206 may send the uplink XL grant to the TWTRU 201 for use 
by the T-WTRU 201 in sending an association information 
message to the backup H-WTRU 206 NPUE including the 
T-WTRU’s identity. 
0235. As described herein, while a TWTRU 201 is utiliz 
ing an XL 203 with a H-WTRU 202, the T-WTRU 201 may 
form an association with a backup H-WTRU 206 and may 
exchange keep alive messages with the backupH-WTRU 206 
in case a handover to the backup H-WTRU 206 needs to be 
performed. Forming the association and exchanging keep 
alive messages with the backup H-WTRU 206 allows the 
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T-WTRU 201 to quickly transition from utilizing the XL 203 
on the H-WTRU 202 to utilizing the XL 203 on the backup 
H-WTRU 206. 

0236. The H-WTRU 202 for a T-WTRU 201 may seek to 
terminate its role, for example, due to low battery, a potential 
departure of its coverage area, or in the case where the 
H-WTRU 202 does not additional bandwidth on its TRL 204 
to serve the TWTRU 201. The H-WTRU 202 may seek to 
terminate its role and the T-WTRU 201 may, thus, be handed 
over to the backup H-WTRU 206. 
0237 FIG. 25A shows a message flow diagram for han 
dover between the H-WTRU and the backupH-WTRU that is 
initiated by the H-WTRU. The TWTRU 201 and the 
H-WTRU 202 are both in the XL-Active Substate 540 of the 
RRC-CONNECTED State 420 and the TWTRU 201 is 
exchanging data with the base station 114 using the XL 203 
and the TRL 2042502. Further, the T-WTRU 201 has formed 
association with the backup H-WTRU 206 and the TWTRU 
201 and the backupH-WTRU 206 exchange keep alive mes 
sages 2504. The backup H-WTRU 206 may be in the XL-Idle 
Substate 530 as it is only exchanging keep alive messages with 
the T-WTRU 201 and in the RRC-CONNECTED State 420 as 
it may have an air interface, for example, LTE, with the base 
station 114 or any other base station. Further, the backup 
H-WTRU 206 may go into DRX cycles, to conserve battery 
life, for example, and may exchange the keep alive messages 
when it is awake. 

0238. The H-WTRU 202 may decide to terminate its role 
on the XL 203 and cease aiding the TWTRU 201 in receiving 
network coverage in the W2W coverage mode. The H-WTRU 
202 sends a RRC stop XL mode request message to the base 
station 1142506 requesting that the H-WTRU’s 202 role on 
the XL be ceased. The RRC stop XL mode request message 
may include a cause of termination. The base station 114 then 
sends an RRC XL handover command message to the 
T-WTRU 201 2508 indicating a request for handover to the 
TWTRU 201 2508. The RRC XL handover command mes 
sage may be tunneled through SRB1 and may include a han 
dover type, such as H-WTRU 202 to backup H-WTRU 206 
handover. Upon receiving the RRC XL handover command 
message, the TWTRU waits for the backup H-WTRU 206 to 
wake up due to DRX 2510 and sends a SR to the backup 
H-WTRU 2062512. The SR Serves as an indication of han 
dover. The backup H-WTRU 206 relays the SR to the base 
station 114 on the TRL 2042514. The SR may indicate to the 
base station 114 that handover to the backup H-WTRU is 
Successful or that the XL handover command message is 
received and acted upon. 
0239. The base station performs admission control and 
sends an RRC XL activate message to the backup H-WTRU 
2062514 requesting the backup H-WTRU 206 to activate the 
tunneled DRB and SRBs, based on prior reconfiguration 
using the RRC reconfiguration message. The base station 114 
also sends XL grants to the backup H-WTRU 2062518 or, 
alternatively, the XL grants are included in the RRC XL 
activate message 2516. Further, the XL grants may also be 
sent to the backup H-WTRU 206 in a MAC control element 
over the TRL 204. 
0240. The backupH-WTRU206 sends an XL grant for the 
uplink to the TWTRU 201 2520 in an initial configuration 
message. The T-WRU 201 uses the XL uplink grant to sendan 
RRC XL handover confirm message to the base station via the 
tunneled SRB1 through the backup H-WTRU 2062522. The 
T-WTRU 201 is, thus, served by the network with the aid of 
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the backupH-WTRU 206. The base station 114 sends an RRC 
reconfiguration message to the H-WTRU 202 2524 to con 
figure the H-WTRU 202 to remove XL 203 related functions 
and settings. After the configuration the H-WTRU 202 tran 
sitions to the XL-Inactive substate 520 and may be in the 
RRC-CONNECTED State 420 or the RRC-IDLE State 410. 
The TWTRU 201 performs data transmission and reception 
using the backup H-WTRU 206 2526 and may perform 
neighbor discovery to find another backup H-WTRU 2528. 
0241 Whereas in FIG. 25A, the message flow diagram 
shows handover triggered by the H-WTRU’s 202 desire to 
relinquish its role on the XL 203 or the TRL 204, handover to 
the backup H-WTRU 206 may be triggered by failure of the 
XL 203 between the T-WTRU 202 and the H-WTRU 202, as 
described with reference to FIG. 25B. 
0242 FIG. 25B shows a message flow diagram for han 
dover triggered due to XL 203 failure. The T-WTRU 201 
detects RLF of the XL 2032542 and sends a SR to the backup 
H-WTRU 206 and awaits receipt of an XL grant in a similar 
procedure as described with reference to numerals 2512-2520 
in FIG. 25A. The backup H-WTRU 206 relays the SR to the 
base station 114 on the TRL 2042514. The SR is an indication 
of handover to the H-WTRU 206 and the base Station 114. 
The backupH-WTRU206 is in the RRC-CONNECTED state 
420 and the XL-Idle substate 530 due to being associated with 
the TWTRU 201. 
0243 The base station performs admission control and 
sends an RRC XL activate message to the backup H-WTRU 
2062514 requesting the backupH-WTRU 206 to activate the 
tunneled DRB and SRBs based on prior reconfiguration of the 
RRC reconfiguration message. The base station 114 also 
sends XL grants to the backup H-WTRU 2062518 or, alter 
natively, the XL grants are included in the RRC XL activate 
message 2516. Further, the XL grants may also be sent to the 
backup H-WTRU 206 in a MAC control element over the 
TRL 204. The backup H-WTRU 206 sends an XL grant for 
the uplink to the TWTRU 2012520 in an initial configuration 
message. After receipt of the XL grant, the TWTRU 201 is 
served by the network with the help of the backup H-WTRU 
206. The base station 114 sends an RRC reconfiguration 
message to the H-WTRU 202 to remove its XL related set 
tings and configurations. Based on the RRC reconfiguration 
message the H-WTRU 202 enters the XL-Inactive substate 
S2O. 

0244 Handover may be performed from the H-WTRU 
202 to the backup H-WTRU 206 based on RLF of the TRL 
204 of the H-WTRU 202. For example, the H-WTRU 202 
may stop XL 203 communication with the TWTRU 201 
when RFL is declared on the TRL 203. Stopping communi 
cation will cause the TWTRU 201 to declare RLF on the XL 
203 and trigger handover to the backup H-WTRU 206 as 
described with reference to FIG. 25B. 
0245. Further, handover between the H-WTRU 202 and 
the backup H-WTRU 206 may be performed based on mea 
Surements on the XL 203 with the H-WTRU 202 or the XL 
203 with the backup H-WTRU 206. The measurements may 
be performed by the base station 114 or the TWTRU 201 and 
measurement reports may be exchanged between the base 
station 114 and the TWTRU 201. The handover may be 
triggered by the base station 114 or network or the TWTRU 
201. 

0246 The TWTRU 201 sends an RRC measurement 
report message to the base station 114 including a cause or 
event. The RRC measurement report message may indicate 

Aug. 18, 2016 

measurements performed on the XL 203 with the H-WTRU 
202 or the backup H-WTRU 206 or may indicate that han 
dover is required based on the measurements performed. The 
base station 114 then sends an RRC XL handover command 
message to the TWTRU 201 indicating a request for han 
dover to the TWTRU 201 as described with reference to 
numeral 2508 in FIG. 25A. The handover my then proceed as 
described with reference to FIG. 25A. 

0247. In inter-base station handover, the source base sta 
tion sends a handover request to the target base station and 
forwards any necessary information or data to the target base 
station. Because association is formed between the T-WTRU 
201 and the backupH-WTRU 206, the T-WTRU 201 is aware 
of information associated with the backup H-WTRU 206, 
including the backup XL-RNTI of the backup H-WTRU 206, 
or security parameters for the target base station, from the 
association procedure. 
0248 For example, as described with reference to FIG. 
25A, when the source base station decides that the T-WTRU 
201 should handover its service to the backupH-WTRU 206, 
a modified handover procedure may be performed according 
to the air interface of the radio link. The source base station 
sends a handover request to the target base station through the 
X2-C interface, and waits for an acknowledgement. Upon 
receiving the handover request, the target base station per 
forms admission control and may accept the handover. The 
target base station then sends a handover request acknowl 
edgement to the Source base station through the X2-C inter 
face. 

0249. Because the T-WTRU is aware of information asso 
ciated with the backup H-WTRU 206 and its target base 
station, there may not be a need for the target base station to 
carry the information in a transparent container in the han 
dover request acknowledgment. Upon receiving the handover 
request acknowledgement, the Source base station sends the 
RRC XL handover command message to the T-WTRU 201 
2507 on the tunneled SRB1. 

0250 On the source and target base stations and the net 
work, air interface handover procedure may be performed, 
including forwarding PDCP sequence number (SN) status 
and unacknowledged data PDCP PDUs to the target base 
station. Further, the RRC XL handover confirm message 
2522 is sent from the T-WTRU 201 to the target base station. 
The target base station performs path switch between the 
Source and target base stations per air interface procedures. 
Once the target base station receives the message of path 
switch request acknowledgement from the MME 142 as the 
indication of the end of the path switch, it sends an X2-C 
message of release resource to the Source base station. Upon 
receiving the message, the Source base station sends the RRC 
reconfiguration message to the H-WTRU 2022524 so that the 
H-WTRU 202 may remove its XL 203 related settings and 
transition to the XL-Inactive substate 520. 

0251. If handover between the H-WTRU 202 and the 
backup H-WTRU 206 is triggered based on XL 203 RLF, the 
target base station may be aware of the handover before the 
source base station because of the RLF on XL 203 associated 
with the source base station. Receipt of the SR 2512 indicates 
handover to the target base station. The target base station 
may send a handover indication message including an iden 
tity associated with the TWTRU’s 201 to the source base 
station through the X2-C interface to indicate a T-WTRU 201 
initiated handover to the backup H-WTRU 206. Handover 
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procedure may then proceed with sending the handover 
request message to the target base station. 
0252 Seamless handover is desired in order to minimize 
data loss and latency. Further, after the handover is complete, 
it is desired for data that is buffered prior to handover comple 
tion to be resent. For example, data intended to the TWTRU 
201 and buffered in the H-WTRU 202 is desired to be sent to 
the TWTRU 201 via the backup H-WTRU 206 after the 
handover is complete. 
0253 For inter-base station handover and RLC acknowl 
edgement mode (AM) channels, per air interface procedures, 
PDCPSN status and unacknowledged PDCP PDUs are for 
warded from the Source base station to the target base station. 
Thus, data loss caused by base station Switching is avoided. 
For both RLCAM and unacknowledgement (UM) channels, 
in order to minimize the data loss caused by the H-WTRU 202 
buffering, the source base station may send a control message 
to the H-WTRU 202 to use flow control mechanism to reduce 
buffer depth in the H-WTRU 202 before inter-base station 
handover. 

0254. In a second layer (L2) architecture, the RLC layer 
may be terminated only at the base station and the TWTRU 
201. In intra-base station handover, an RLC automatic repeat 
request (ARQ) function recovers the data loss caused by 
H-WTRU 202 buffering for AM channels during a handover 
from H-WTRU 202 to a backup H-WTRU 206. For UM 
channels, recovering data loss caused by H-WTRU 202 buff 
ering is described herein. 
0255 FIG. 26 shows a message flow diagram for data 
handling in handover with RLCUM. A downlink procedure is 
shown, however, an uplink procedure may be similarly per 
formed. The base Station 114 sends UM data to the H-WTRU 
2022602, however, because of RLF on the XL 203, the UM 
data is not sent to the T-WTRU 201 2604 (as shown by the 
dashed line). The base station 114 stores RLC PDUs trans 
mitted to the H-WTRU 202 having an SN that falls within an 
RLC transmission window 2606. Further, the H-WTRU 202 
has a buffer depth having a smaller size than the reception 
window 2608. After the completion of the H-WTRU 202 to 
backup H-WTRU 206 handover 2610, the T-WTRU 201 is 
reconnected to the base station 114 using the backup 
H-WTRU 206. The Stored RLC PDUs are resent to the 
T-WTRU 201 through the tunneled RBs with the backup 
H-WTRU 2062612. The T-WTRU 201 filters any duplicated 
PDUs due to retransmission using an RLC UM reception 
window or state machine 2614. The buffer depth for a RLC 
UM channel in the H-WTRU 202 may be controlled by a flow 
control mechanism, for example, ifless than the RLC window 
S17C. 

0256 A TWTRU 201 may be in XL coverage mode, 
whereby the T-WTRU 201 utilizes the XL 203 to receive 
connectivity or network services when the TWTRU 201 is 
out-of-coverage or unable to establish a direct TRL 205. A 
T-WTRU 201 may also be in XL capacity mode, whereby the 
T-WTRU 201 has direct TRL 205 established but uses the XL 
203 to receive additional coverage, connectivity, or network 
services. 

0257. As described herein, the XL 203 between the 
T-WTRU 201 and the H-WTRU 202 may be in accordance 
with an Open Systems Interconnection (OSI) protocol com 
prising a physical (PHY) and a medium access control 
(MAC) layer. For the uplink and the downlink, logical chan 
nels, transport channels, and physical channels for the XL 
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203 are described herein. The logical channels are mapped on 
to transport channels, which are, in turn, mapped on physical 
channels. 
0258 FIG.27 shows the downlink channels and the down 
link channel mapping for the XL and FIG. 28 shows the 
uplink channels and the uplink channel mapping for the XL. 
(0259. The CrossLink Physical Neighbor Discovery Chan 
nel (XPNDCH) carries sequences used for neighbor discov 
ery transmissions including the Neighbor Discovery Initia 
tion Transmission (NDIT) and the Neighbor Discovery 
Response Transmission (NDRT). The XPNDCH may occupy 
a default or pre-defined symbol or sub-carrier resource loca 
tion that may not be subject to an XL grant or scheduling. The 
XPNDCH may utilize code division multiple access 
(CDMA) with a code configuration being derived by a 
T-WTRU 201 or H-WTRU 202 according to a pre-defined 
algorithm. When the XL 203 bandwidthis more than a default 
frequency resource, the network may allocate additional Sub 
carrier resources for the XPNDCH in order to increase neigh 
bor discovery capacity. 
0260. The Cross Link Physical Grant Channel (XPGCH) 
caries XL grant information including Sub-carrier allocation, 
time division duplex (TDD) sub-frame duplex scheme, maxi 
mum XL power, dedicated XL channel code configuration, 
reference signal configuration, and the like. The XPGCH may 
occupy a default or pre-defined symbol location, which may 
not be subject to XL grants or scheduling. The XPGCH may 
use frequency division multiple access (FDMA) or CDMA 
with a configuration derived based on the configuration of an 
associated Cross Link Physical Downlink Association Chan 
nel (XPDACH) described herein. An unscheduled version of 
the XPGCH may be available only in XL coverage mode and 
in both the XL coverage and XL capacity modes. The 
H-WTRU 202XL grant may specify complete resource con 
figuration of the XPGCH for XL dedicated use of XL grant 
transmission from H-WTRU 202 to T-WTRU 202. Further, 
space division multiple access (SDMA), time division mul 
tiple access (TDMA), FDMA, or CDMA may be used for the 
XPGCH. The XPGCH may only be available for the down 
link on the XL 203. 

0261 The Cross Link Physical Downlink Feedback Chan 
nel (XPDFBCH) carries channel state information (CSI) of 
the uplink on the XL 203 and ACK/NACKofuplink XL 203 
data transmissions. The resource allocation for the XPDF 
BCH channel may be determined based on the H-WTRU 202 
XL grant. TheXDFBCH may use SDMA, TDMA, FDMA, or 
CDMA 
0262 The Cross Link Physical Uplink Feedback Channel 
(XPUFBCH) carries CSI of the downlink for the XL 203 and 
ACK/NACK for XL downlink data transmissions. The 
resource allocation of the XPUFBCH may be determined 
based on the XL 203 grant for the TWTRU 201. The XUF 
BCH may use SDMA, TDMA, FDMA, or CDMA. 
0263. The Cross Link Physical Downlink Control Chan 
nel (XPDCCH) carries data-related control information in 
order for the TWTRU 201 to decode the XPDDCH in the 
same transmission time interval (TTI). The resource alloca 
tion for the XPDCCH may be determined based on the XL 
203 grant for the H-WTRU 202. The XPDCCH may use 
SDMA, TDMA, FDMA, or CDMA. 
0264. The Cross Link Physical Uplink Association Chan 
nel (XPUACH) carries physical layer control information 
including XL 203 SRs, XL 203 measurement result indica 
tors, and the like. The XPUACH may occupy a default or 
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pre-defined symbol location, which may not be subject to XL 
203 grants or scheduling. The XPUACH may use FDMA, or 
CDMA and the XPUACH configuration may be based on 
code configuration of the XPNDCH. 
0265. The Cross Link Physical Downlink Association 
Channel (XPDACH) carries physical layer control informa 
tion including paging indicator, association information 
transmission or reception indicators or messages, XL grants 
or indicators, and the like. The XPDACH may occupy a 
default or pre-defined symbol location, which may not be 
subject to a XL grant or scheduling. The XPDACH may apply 
FDMA or CDMA with a configuration based on the code 
configuration the XPNDCH. 
0266 The Cross Link Physical Uplink Control Channel 
(XPUCCH) carries necessary control information for the 
H-WTRU 202 to decode the XPUDCH. The resource alloca 
tion of the XPUCCH may be determined based on the XL 
grant for the T-WTRU 201. The XPUCCH may use SDMA, 
TDMA, FDMA, or CDMA. 
0267. The Cross Link Physical Downlink Data Channel 
(XPDDCH) carries downlink XL 203 user data received from 
the MAC layer. The resource allocation of the XPDDCH may 
be determined based on the H-WTRU 202 XL grant. The 
XPDDCH may use SDMA, TDMA, FDMA, or CDMA. 
0268. The Cross Link Physical Downlink Shared Access 
Channel (XPDSACH) carries higher-layer control informa 
tion including basic system information (BSI), initial con 
figuration (including XL 203 grants), and the like. The 
XPDSACH occupies a default or pre-defined symbol loca 
tion, which may not be subject to XL 203 grants or schedul 
ing. The XPDSACH may use FDMA, or CDMA and the 
configuration for the XPCSACH may be based on the con 
figuration of the XPDACH. The information necessary to 
decode the XPDSACH, such as transport format, may be 
pre-defined. 
0269. The Cross Link Physical Uplink Data Channel 
(XPUDCH) carries XL uplink user data received from the 
MAC layer. The resource allocation for the XPUDCH may be 
determined based on the T-WTRU 201 XL 203 grants. The 
XPUDCH may use SDMA, TDMA, FDMA, or CDMA. 
(0270. The Cross Link Physical Uplink Shared Access 
Channel (XPUSACH) carries higher layer control informa 
tion including XL 203 measurement results, and the like. The 
XPUSACH may occupy a default or pre-defined symbol loca 
tion, which may not be subject to XL 203 grants or schedul 
ing. The XPUSACH may use FDMA, or CDMA. The con 
figuration for the XPUSACH may be based on the 
configuration of the XPUACH. Information necessary to 
decode the channel. Such as transport format, may be pre 
defined. 
0271 For the XL 203, the XPNDCH, XPDACH, 
XPUACH, XPDSACH, XPUSACH, and XPGCH (referred 
to herein as unscheduled channels) do not require XL 203 
grants, whereby information may be transmitted or received 
with a set of pre-defined procedures. For example, a 
H-WTRU 202 may use the XPDSACH to transmit BSI to a 
T-WTRU 202 during an on-going neighbor association pro 
cedure without a grant from the network. Further, although 
the XPDSACH transmission may not require a networkgrant, 
a pre-defined protocol including all necessary information 
required to detect and decode the channel may be followed. 
For example, the protocol may include XPDSACH coding, 
modulation, MAC PDU information, and the like when the 
XPDSACH is transmitted in a neighbor discovery procedure. 
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Because the XPNDCH, XPDACH, XPUACH, XPDSACH, 
XPUSACH, and XPGCH are unscheduled, contention may 
occur. Further, schemes for CDMA, such as, spreading with 
different orthogonal sequences, may be used to minimize the 
probability of contention. As such, different XPDSACHs 
may be spread using orthogonal spreading sequences. 
0272. On the other hand, the XPDFBCH, XPUFBCH, 
XPDCCH, XPUCCH, XPDDCH, XPUDCH, and XPGCH 
(referred to herein as scheduled channels) may be used when 
an XL 203 grant is available or after an XL 203 grant is 
received from the network. Therefore, XL 203 physical layer 
transmission is allowed without network involvement, for 
example, when an out-of-coverage WTRU is establishing 
higher layer signaling in a neighbor association process. The 
unscheduled channels may be used in XL coverage mode due 
to the lack of TWTRU 201 association with the network. In 
both the XL coverage and capacity modes, when the XL 203 
is established and a grant is received, of the unscheduled 
channels only the XPNDCH may be utilized. As such neigh 
bor discovery may be performed independently. However, 
communication specific to the XL 203 may be carried on the 
scheduled channels in accordance with network grants. 
(0273 FIG.29 shows a frame structure for the PHY layer of 
the XL 203. Frame k2910 and frame k+12910 (singularly 
referred to hereinafter as frame 2910) are shown in FIG. 29. 
Each frame 2910 comprises one or more subframes 2915, .. 
... , 2915, . . . , 2915 (collectively referred to hereinafter as 
subframes 2915, and singularly referred to hereinafter as 
subframe 2915). Each subframe 2915 comprises one or more 
Zones (collectively referred to hereinafter as Zones 2916 
and singularly referred to hereinafter as Zone 2916). The Zone 
2916 may be used for data or control information communi 
cation. 
0274 Four types of Zones 2916 may be utilized in a 
frame 2910 of the XL 203; a neighbor discovery Zone (NDZ) 
2916, an unscheduled control Zone (UCZ). 2916, a nor 
mal control Zone (NCZ). 2916, and a data Zone (DZ) 2916, 
The Zones 2916 of a subframe 2915 may comprise one or 
more of the four types of Zones. The NDZ 2916, UCZ 
2916, and NCZ 2916, are used for control information 
communication, whereas the DZ2916, is used for data com 
munication, as described herein. 
(0275. In the NDZ 2916, the TWTRU 201 transmits 
neighbor discovery initiation transmission (NDIT) to the 
H-WTRU 202 and receives a neighbor discovery response 
transmission (NDRT) from the H-WTRU 202. The NDZ 
2916, may occur twice in every frame 2910; once for the 
NDIT and once for the NDRT. Alternatively, the NDZ 
2916, may be considered part of the subframe 2916 struc 
ture, whereby the subframe may be in the same direction as 
the NDZ 2916, i.e., transmit or receive, or downlink or 
uplink. 
(0276. The UCZ. 2916, may have a predetermined set of 
resources that may be in every frame or, alternatively, in 
certain frames. The resources for the UCZ. 2916, may be 
based on the SFN. For example, all the XL 203 in a cell may 
have a UCZ2916, in the same frame. The UCZ2916, may 
be used by the TWTRU 201 to transmit to a H-WTRU 202 
that it has for the role. The UCZ. 2916, may also be used by 
the H-WTRU 202 to transmit basic system information to 
T-WTRU 201 in order to enable association formation. The 
transmissions between the TWTRU 201 and the H-WTRU 
202 may occur prior to association formation and may be 
performed without scheduling or assigned resources from the 
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base station 114. Multiple H-WTRUs 202 may transmit the 
basic system information in the same UCZ. 2916, which 
may allow for a diversity benefit. Selected as H-WTRU 202 
messages from multiple T-WTRUs 201 may overlap in the 
same UCZ. 2916, but may be separated, for example, using 
physical layer scrambling. 
(0277. The NCZ 2916, may occur in every subframe 
2916 and may be used for the transmission of the control 
channels XPDCCH and XPUCCH, keep alive messages, and 
association messages. Multiplexing between for information 
carried on the NCZ 2916, may be performed. The DZ 
2916, is used to transmit data transport blocks (TBs) between 
the T-WTRU 201 and the H-WTRU 202, where reference 
signals that enable the WTRUs to make measurements of the 
XL 203 are carried. All user data (for example, excluding 
control information) for the TWTRU 201 is carried on the 
DZ 2916D on the XL 203. 

(0278 AWTRU in the XL-Inactive substate 520 may only 
transmit or receive in the UCZ. 2916, and NCZ 2916. 
Further, a WTRU in the XL-Active substate 540 may transmit 
or receive on the DZ 2916, 
0279 Table 1 shows a relationship between messages 
transmitted or received on the XL 203, their associated physi 
cal, transport, or logical channels, and the Zone 2916 on 
which they are carried. 

TABLE 1. 

Relationship between messages transmitted or received on the XL 203, 
their associated physical, transport, or logical channels, and the 

Zone 2916 on which they are carried. 

XL message Channel(s) Zone 

SR sent from T-WTRU XPUCCHFXPCUCCH UCZ. 
XULCCHSXPUACH 

ACK for SR UCZ. 
XL grant sent to H-WTRU PDCCH (LTE) 
XL grant sent to TWTRU XPCCHAXPCDCCHAXCCCH UCZ. 
initial configuration XPCCHFXPCDCCH UCZ. 
message 
Extended System XCCCHAXDL-SCHF DZ 
information message XPDSCH 
SR for XL sent from PUCCH (LTE) NA 
H-WTRU 
SR for XL sent from MAC control element on NA 
H-WTRU UL-SCH(LTE) 
Paging message from XPCH UCZ. 
H-WTRU to TWTRU 
Paging indication UCZ. 
message 
Basic system information XPDSACEHFXCCCH UCZ.DZ 
NDITINDRT XPNDCH 
Downlink association XPDACHAXCCCH 
message, paging 
indicator, XL grant 
Uplink association XPUACH 
message, XL 
measurement result 
indicator 
Selected as H-WTRU XPUSACHEXCCCH 
message 
Initial configuration XPDSACEHFXCCCH 
message 
XL measurement results XPUSACH 
Sub-carrier allocation, XPGCH 
TDD sub-frame duplex 
Scheme, maximum cross 
link power, dedicated 
cross link channel code 
configuration, reference 
signal configuration 
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TABLE 1-continued 

Relationship between messages transmitted or received on the XL 203, 
their associated physical, transport, or logical channels, and the 

Zone 2916 on which they are carried. 

XL message Channel(s) Zone 

CSI of the XL uplink, XPDFBCH 
ACKNACK of XL uplink 
data transmission 
XL downlink data XPDDCH 
received from the MAC 
layer 
Control information for XPDCCH 
decoding the XPDDCH 
CSI of XL downlink, XPUFBCH 
ACKNACK of XL 
downlink data 
transmission 
XL uplink data received XPUDCH 
from the MAC layer 
Control information for XPUCCH 
decoding the XPUDCH 

0280. The communication resources for XL 203 may be in 
a different band than the communication resources of the 
TRL 204 and may be said to be out-of-band with the resources 
of the TRL 204. Alternatively, the communication resource 
for XL 203 may be in the same band as the communication 
resources of the TRL 204 and may be said to be in-band with 
the resources of the TRL 204. 

(0281. As an alternative to FIG.29, different physical chan 
nels may be multiplexed into different XL 203 subframes as 
shown in FIG. 30. 

0282 FIG. 30 shows physical channel multiplexing for 
subframes. The MAC layer provides services to the Radio 
Link Control RLC layer in the form of logical channels. The 
type of logical channel is either a control channel used for 
transmission of control and configuration information or a 
traffic channel used for data. The XL 203 logical channels 
include XPCCH, XCCCH, XDCCH and XDTCH, as 
descried with reference to FIGS. 27 and 28. 

(0283. The PHY layer of the XL 203 offers services to the 
MAC using transport channels including the XPCH, XCCH, 
XDL-SCH and XUL-SCH. Data on a transport channel may 
be organized into transport blocks and in each TTI one trans 
port block of a certain size may be transmitted. When spatial 
multiplexing is used, for example, in MIMO, up to two trans 
port blocks may be transmitted in one TTI. 
0284. Although features and elements are described above 
in particular combinations, one of ordinary skill in the art will 
appreciate that each feature or element can be used alone or in 
any combination with the other features and elements. In 
addition, the methods described herein may be implemented 
in a computer program, Software, or firmware incorporated in 
a computer-readable medium for execution by a computer or 
processor. Examples of computer-readable media include 
electronic signals (transmitted over wired or wireless connec 
tions) and computer-readable storage media. Examples of 
computer-readable storage media include, but are not limited 
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, magneto-optical media, and optical media 
such as CD-ROM disks, and digital versatile disks (DVDs). A 
processor in association with Software may be used to imple 
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ment a radio frequency transceiver for use in a WTRU, UE, 
terminal, base station, RNC, or any host computer. 
What is claimed is: 
1. A Long Term Evolution (LTE) wireless transmit/receive 

unit (WTRU) for maintaining a cross link (XL) with another 
LTE WTRU, the XL enabling direct communication between 
the LTE WTRU and the another LTE WTRU, the LTE WTRU 
comprising: 

at least one processor configured to establish the XL with 
the another LTE WTRU and to maintain the XL while in 
an XL-idle Substate in which data communication on the 
XL is disabled; and 

a receiver configured to receive a first keep alive message 
on the XL in the XL-idle substate, 

wherein, on a condition that the first keep alive message is 
received, the at least one processor is configured to 
maintain the XL. 

2. The LTE WTRU of claim 1, wherein the LTE WTRU is 
a helper WTRU (H-WTRU) and the another LTE WTRU is a 
terminal WTRU (TWTRU). 

3. The LTE WTRU of claim 1, wherein the LTE WTRU is 
a terminal WTRU (T-WTRU) and the another LTE WTRU is 
a helper WTRU (H-WTRU). 

4. The LTE WTRU of claim 1, wherein, in the XL-idle 
state, the receiver is configured to receive a scheduling 
request from the another LTE WTRU, wherein the scheduling 
request is a request for a resource allocation for the XL. 

5. The LTE WTRU of claim 1, wherein the at least one 
processor is configured to start a keep alive timer in the 
XL-idle Substate and reset the keep alive timer upon receiving 
the first keep alive message. 

6. The LTE WTRU of claim 5, wherein the at least one 
processor is configured to monitor an expiration of the keep 
alive timer, and, on a condition that the keep alive timer is 
valid, the at least one processor is configured to maintain the 
XL and remain in the XL-idle state. 

7. The LTE WTRU of claim 5, wherein the at least one 
processor is configured to monitor an expiration of the keep 
alive timer, and, on a condition that the keep alive timer 
expires, the at least one processor is configured to perform 
neighbor discovery. 

8. The LTE WTRU of claim 5, wherein the at least one 
processor is configured to monitor an expiration of the keep 
alive timer, and, on a condition that the keep alive timer 
expires, the at least one processor is configured to transmitan 
indication to an LTE eNode B that the XL failed. 

9. The LTE WTRU of claim 5, wherein the at least one 
processor is configured to monitor an expiration of the keep 
alive timer, and, on a condition that the keep alive timer 
expires, the at least one processor is configured to performan 
association process during which the transmitter is config 
ured to transmit an association information message to at 
least one backup LTE WTRU. 

10. The LTE WTRU of claim 5, wherein the at least one 
processor is configured to monitor an expiration of the keep 
alive timer, and, on a condition that the keep alive timer 
expires, the at least one processor is configured to exit the 
XL-idle substate. 

11. The LTE WTRU of claim 1, The LTE WTRU of claim 
1, wherein the LTE WTRU is out of a coverage area of an LTE 
eNode B that the another LTE WTRU is camped on. 

12. A method of maintaining a cross link (XL) between a 
first Long Term Evolution (LTE) wireless transmit/receive 
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unit (WTRU) and a second LTE WTRU, the XL enabling 
direct communication between the first LTE WTRU and the 
second LTE WTRU, the method comprising: 

establishing, by the first LTE WTRU, the XL with the 
second LTE WTRU: 

maintaining, by the first LTE WTRU, the XL while in an 
XL-idle Substate in which data communication on the 
XL is disabled; 

receiving, by the first LTE WTRU, a first keep alive mes 
sage on the XL in the XL-idle substate; and 

maintaining, by the first LTE WTRU on a condition that the 
first keep alive message is received, the XL. 

13. The method of claim 12, wherein the first LTE WTRU 
is a helper WTRU (H-WTRU) and the second LTE WTRU is 
a terminal WTRU (T-WTRU). 

14. The method of claim 12, wherein the first LTE WTRU 
is a terminal WTRU (TWTRU) and the second LTE WTRU 
is a helper WTRU (H-WTRU). 

15. The method of claim 12, further comprising: 
receiving, by the first LTE WTRU in the XL-idle state, a 

scheduling request from the second LTE WTRU, 
wherein the scheduling request is a request for a 
resource allocation for the XL. 

16. The method of claim 12, further comprising: 
starting, by the first LTE WTRU, a keep alive timer in the 

XL-idle substate; and 
resetting, by the first LTE WTRU, the keep alive timer upon 

receiving the first keep alive message. 
17. The method of claim 16, further comprising: 
monitoring, by the first LTE WTRU, an expiration of the 

keep alive timer, and 
maintaining the XL, by the first LTE WTRU on a condition 

that the keep alive timer is valid; and 
remaining in the XL-idle substate, by the first LTE WTRU, 

on a condition that the keep alive timer is valid. 
18. The method of claim 16, further comprising: 
monitoring, by the first LTE WTRU, an expiration of the 

keep alive timer, and 
performing, by the first LTE WTRU on a condition that the 

keep alive timer expires, neighbor discovery. 
19. The method of claim 16, further comprising: 
monitoring, by the first LTE WTRU, an expiration of the 

keep alive timer, and 
transmitting, by the first LTE WTRU on a condition that the 

keep alive timer expires, an indication to an LTE eNode 
B that the XL failed. 

20. The method of claim 16, further comprising: 
monitoring, by the first LTE WTRU, an expiration of the 

keep alive timer, and 
performing, by the first LTE WTRU on a condition that the 

keep alive timer expires, an association process during 
which the transmitter is configured to transmit an asso 
ciation information message to at least one backup LTE 
WTRU. 

21. The method of claim 16, further comprising: 
monitoring, by the first LTE WTRU, an expiration of the 

keep alive timer, and 
exiting, by the first LTE WTRU on a condition that the keep 

alive timer expires, the XL-idle substate. 
22. The method of claim 12, wherein the first LTE WTRU 

is out of a coverage area of an LTE eNode B that the second 
LTE WTRU is camped on. 
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