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Introduction
During RAN2#115 meeting, the control plane procedures for U2N relay were discussed and lots of agreements have been reached on access control, connection management, system information acquisition and paging. In this contribution, we will focus on the FFS issues and present our solutions. 
Discussion
Access control 

During RAN2#113bis-e meeting, the following working assumption was agreed. As we can see, remote UE can reuse legacy access control and no need to enhance the access control procedure of Remote UE.  It is FFS whether the relay UE performs UAC for itself. 

WA: Proposal 15: [23/23] [Easy] Remote UE can reuse legacy access control and no need to enhance the access control procedure of Remote UE.  FFS whether the relay UE performs UAC for itself.
As we know, the unified access control framework is applicable to UEs in RRC Idle, RRC Inactive, and RRC Connected at the time of initiating a new access attempt (e.g. new session request). Each access attempt is categorized into one or more of the Access Identities and one of the Access Categories in NAS. Then NAS provide the applicable access identities and the access category to the AS layer for the purpose of access control checking. On the other hand, the gNB shall be able to broadcast barring control information (i.e. a list of barring parameters associated with an Access Identity and an Access Category). Based on the barring parameters receive from gNB, the UE determine whether or not a particular new access attempt is allowed. It should be noted that the UAC control for IAB node has been discussed in IAB WI. It’s agreed in RAN2#109 meeting that IAB-MT is not under UAC control since IAB node is mainly used for relaying backhaul traffic. 
With regard to the UE-to-Network relay, upon receiving the first RRC message from the remote UE, if the relay UE had not started in RRC_CONNECTED, relay UE need to do its own RRC connection establishment/resume. During the email discussion in RAN2#113bis-e meeting, some companies think that the relay UE should be under UAC control when relay UE intends to access network only for the purpose of relaying. In this case, new AC and corresponding barring factors should be defined to support the relay UE’s access control. Alternatively, some companies suggest to reuse the  existing AC8 for the UAC of remote UE. 

Suppose that both remote UE and relay UE perform UAC, it may happen that the remote UE is not barred while the connected relay UE is barred. In this case, the first RRC message from remote UE may be buffered at the relay UE. As we know, if the access attempt is barred for relay UE, T390 timer ( (0.7+ 0.6 * rand) * uac-BarringTime) shall be started. The relay UE shall not attempt to access until the T390 timer expires. On the other hand, when remote UE transmits the RRCSetupRequest/RRCResumeRequest message, it shall start the T300/T319 timer respectively. When the T300/T319 timer expires, the remote UE shall inform upper layers about the failure to establish the RRC connection. As we can see from the following table, the uac-barring-timer is much longer than the T300/T319 timer. It is very likely that the T300/T319 timer expires before the UAC barring timer of relay UE. In this case, it does not make sense to deliver the buffered RRCSetupRequest/RRCResumeRequest message to gNB when the barring of relay UE is alleviated. 
	From TS 38.331
t300                ENUMERATED {ms100, ms200, ms300, ms400, ms600, ms1000, ms1500, ms2000},
t319                ENUMERATED {ms100, ms200, ms300, ms400, ms600, ms1000, ms1500, ms2000},

uac-BarringTime                     ENUMERATED {s4, s8, s16, s32, s64, s128, s256, s512},


On the other hand, some companies think it is not necessary for relay UE to perform UAC. Since the relay UE access the network just for relaying purpose, relay UE does not have its own traffic and it is not necessary to establish the PDU session for relay UE. According to TS23.304, SA2 has agreed that if the CM-IDLE relay UE receive a connection request from remote UE for relaying, relay UE shall trigger service request procedure to enter CM_CONNECTED state without establish PDU session before relaying the remote UE’s traffic. Since the remote UE should anyway be under UAC control for its access attempt,  it is not necessary for relay UE to perform UAC one more time. 

During RAN2 #114, LS about RRC_IDLE/INACTIVE relay UE’s UAC procedure only for the purpose of relaying but not for its own service is sent to ask CT1’s preference. According to the reply LS [1], CT1 prefers that relay UE should skip UAC procedure.

	RAN2 has agreed RRC-CONNECTED relay UE would not perform UAC for remote UE’s data. However, there was no agreement in RAN2 whether the relay UE can skip UAC procedure when IDLE/INACTIVE Relay UE intends to access network only for the purpose of relaying but not for its own service. The following two options were identified.
Option 1: Relay UE should skip UAC procedure

Option 2: Relay UE should perform UAC procedure
Question 3: When IDLE/INACTIVE Relay UE intends to access network only for the purpose of relaying but not for its own service, which option does CT1 prefer?

Answer 3: CT1 prefers Option 1.


Based on the above analysis, it is suggested that the relay UE is not under UAC control when relay UE access the network just for relaying purpose. As a matter of fact, no UAC control means the access attempt of relay UE for relaying purpose is always allowed, which essentially achieve the prioritization of relay UE’s access attempt over remote UE. 

Observation 1: Suppose that both the remote UE and relay UE perform UAC, it may happen that the remote UE is not barred while the associated relay UE is barred. In this case, remote UE may fail to establish the RRC connection due to the barring of relay UE. 
Proposal 1: It is suggested that the relay UE is not under UAC control when relay UE access the network just for relaying purpose. 

Connection management
Establishment/resume cause
During RRC establishment procedure, UE need to indicate the establishment cause value for gNB to decide whether to accept or reject the request. Generally speaking, the establishment cause values are pre-defined in 3GPP TS 24.501 and the RRC establishment cause used by the UE shall be selected according to one or more access identities and the determined access category. NAS can provide the establishment cause value to AS layer together with the applicable access identities and the access category. It should be noted that although the IAB-node skips the access control checks, IAB-node still need to determines an access category and one or more access identities for each access attempt in order to derive an RRC establishment cause. Similar to the RRC establishment, most of the RRC resume cause are set in accordance with the information received from upper layers except the rna-Update for RRCResume. Since the RNA update is pure AS layer operation, the resume cause of RNA update is derived by AS layer. 
With regard to UE-to-Network relay, upon receiving the first RRC message from the remote UE, if the relay UE had not started in RRC_CONNECTED, relay UE need to do its own connection establishment/resume. At this time, it is questionable how the relay UE indicates the establishment/resume cause to gNB. 

During RAN2 #114, RAN2 send a LS to SA2/CT1 to ask their view on whether a new or existing establishment/resume cause value is used for relay UE when relay UE enters RRC_CONNECTED only for relaying purpose. However, according to the reply LS [1], CT1 thinks this issue should be decided by RAN2.

	Option 1: define a new establishment/resume cause value that is used for all cases when a relay UE establish/resume an RRC connection due to a connection of remote UE;

Option 2: reuse existing establishment/resume cause values.

Question 1: Which option does CT1 prefer?

Answer 1: CT1 cannot reach the consensus on which option is preferred. It is up to RAN2 to progress Option 1 or Option 2. 


Actually, during the email discussion in RAN2#113bis-e meeting, the following options were discussed. 
Reuse existing establishment/resume cause value from upper layer
As we mentioned before, SA2 has agreed that if the CM-IDLE relay UE receive a connection request from remote UE for relaying, relay UE shall trigger service request procedure to enter CM_CONNECTED state before relaying the remote UE’s traffic. In this case, the upper layer will provide the establishment cause to AS layer based on legacy procedure. 

When it comes to the RRC_INACTIVE and CM_CONNECTED  relay UE,  it is not clear whether upper layer will provide the resume cause to AS layer. As we know, RRC_INACTIVE UE may resume an RRC connection for NR sidelink communication when the SL Tx resource pool is not provided in SIB According to TS 38.331. In this scenario, upper layer initiates an RRC connection resume and AS layer set the resumeCause in accordance with the information received from upper layers. Similarly, for RRC_INATIVE relay UE, the existing resume cause value may be provided from upper layer. 
Reuse the establishment/resume cause value from remote UE
Relay UE may set the establishment/resume cause in AS layer with the same value as remote UE. A we know, the RRCSetuprequest/RRCResumeRequest message is SRB0 message, which is not encrypted. It means that the relay UE is able to detect the establishment/resume cause value from the first RRC message delivered via the PC5 RLC channel with fixed specification. Subsequently, the relay UE may set the establishment/resume cause with the detected value for its own RRC connection request message.  

However, this option may fail when remote UE re-selects the relay UE for Uu recovery. As we know, the cause value in RRCReestablishmentrequest are reconfigurationFailure, handoverFailure and otherFailure. In this case, it does not make sense to set the the establishment/resume cause value as  reconfigurationFailure / handoverFailure/otherFailure. 
Design new establishment/resume cause value for relay UE

In this option, new AS layer establishment/resume cause value may be designed, such as “relay” . No matter the establishment cause of remote UE, the relay UE always set the establishment/resume cause as relay if it initiates the RRC connection establishment/resume only for relaying purpose. Upon receiving the “relay” establishment/resume cause, the gNB may prioritize the relay UE’s connection setup. Similar to the RAN-update, this establishment/resume cause value may be set in AS layer without upper layer involvement. 

In our opinion,,for RRC_IDLE relay UE, upper layer will trigger the relay UE to initiate the RRC connection and then trigger the service request procedure. In this case, the existing establishment cause value provided by upper layer can be used for the RRC connection establishment. Although new establishment/resume cause value may help the gNB to prioritize the relay UE’s connection resume, we think that it is not essential to support this prioritization only for RRC resume cases. In other word, it is suggested that the relay UE reuse existing establishment/resume cause provided by upper layer when relay UE initiate the RRC establishment/resume only for the purpose of relaying. The interaction with NAS is left to UE implementation. 
Observation 2: SA2 has agreed that if the CM-IDLE relay UE receive a connection request from remote UE for relaying, relay UE shall trigger service request procedure to enter CM_CONNECTED state before relaying the remote UE’s traffic. In this case, the existing establishment cause value provided by upper layer is used for the RRC connection establishment of RRC_IDLE relay UE.

Observation 3: For RRC_INACTIVE UE, the RRC connection can be resumed for NR sidelink communication when the SL Tx resource pool is not provided in SIB. In this scenario, upper layers initiate an RRC connection resume and AS layer set the resume cause provided from upper layers.

Proposal 2: Existing establishment/resume cause provided by upper layer is reused when relay UE initiates the RRC establishment/resume only for the purpose of relaying. The interaction with NAS can be left to UE implementation. 
PC5/Uu RLC channel configuration
According to [2] and [3], the specified configuration is used for the PC5 RLC channel for the delivery of remote UE’s SRB0 RRC message. Default configuration is used for the PC5 RLC channel for the delivery of remote UE’s SRB1 RRC message such as RRCResume and RRCRestablishment. Uu RLC channel for remote UE’s SRB1 message such as RRCResume and RRCReestablishment message could be (re-)configured by NW via dedicated signalling. Uu RLC channel for remote UE’s SRB0 message could be (re)configured by NW. With regard to the PC5/Uu RLC channel for the delivery of SRB1 (messages other than RRCResume and RRCRestablishment), SRB2 and DRB packet,  network configuration via dedicated signalling shall be used. However, it is FFS whether default Uu RLC channel  configuration for the delivery of  remote UE’s SRB0  RRC message is supported.
In our opinion, gNB may provide the Uu RLC channel configuration for the delivery of remote UE’s SRB0 and SRB1(RRCResume and RRCRestablishment) message to relay UE via dedicated signalling. Actually, after establishing the PC5 link with the remote UE, the relay UE may indicate to the gNB that it is a relay UE via SidelinkUEInformation and intends to perform U2N relay communication if relay UE has not done so before. Meanwhile, the destination L2 ID of remote UE can be delivered to gNB via the SidelinkUEInformation message. When gNB receives the relay indication from relay UE, it may start to configure the relay UE with Uu RLC channel for subsequent remote UE’s SRB0 RRC message forwarding. Similarly, the Uu RLC channel for the delivery of remote UE’s SRB1 RRC message such as RRCResume and RRCReestablishment message can also be configured by network via dedicated signalling. It should be noted that the Uu RLC channel for the delivery of SRB0 message and SRB1 message such as RRCResume and RRCReestablishment message and even other SRB1 message can be mapped to the same or different Uu RLC channel. It can be up to gNB’s implementation. So, default Uu RLC channel configuration for the delivery of  remote UE’s SRB0  RRC message is unnecessary.
Proposal 3: Default configuration of Uu RLC channel for remote UE’s SRB0 message is not supported.
According to [3], dedicated signalling from gNB to relay UE is used for the PC5 RLC and Uu RLC configuration of remote UE SRB1 for RRCReconfigurationComplete in path switch to indirect path for RRC_CONNECTED relay UE. FFS for RRC_IDLE/RRC_INACTIVE relay UE, if agreed to support. 
In our opinion, dedicated signalling from gNB to relay UE may also be used for the PC5 RLC and Uu RLC configuration of remote UE SRB1 for RRCReconfigurationComplete in path switch to indirect path for RRC_IDLE/RRC_INACTIVE relay UE. For details, please refer to our another paper[4].

About PC5 RLC configuration of remote UE SRB1 for RRCReconfigurationComplete in path switch to indirect path for RRC_IDLE/RRC_INACTIVE relay UE, it is just like the delivery of remote UE’s SRB1 RRC message such as RRCResume and RRCRestablishment , default configuration could be used .
As for Uu RLC configuration of remote UE SRB1 for RRCReconfigurationComplete in path switch to indirect path for RRC_IDLE/RRC_INACTIVE relay UE, in our opinion, network configuration via dedicated signalling should be used. Actually, after establishing the PC5 link with the remote UE or receiving RRCReconfigurationComplete in path switch to indirect path from remote UE, RRC_IDLE/RRC_INACTIVE relay UE may indicate to the gNB that it is a relay UE via SidelinkUEInformation and intends to perform U2N relay communication. Meanwhile, the destination L2 ID of remote UE can be delivered to gNB via the SidelinkUEInformation message. When gNB receives the relay indication from relay UE, it may start to configure the relay UE with Uu RLC channel for subsequent remote UE’s SRB0 RRC message forwarding. 
Proposal 4: Default configuration is used for the PC5 RLC channel configuration of remote UE SRB1 for RRCReconfigurationComplete in path switch to indirect path for RRC_IDLE/INACTIVE relay UE.
Proposal 5:  Dedicated signalling from gNB to relay UE is used for the Uu RLC channel configuration of remote UE SRB1 for RRCReconfigurationComplete in path switch to indirect path for RRC_IDLE/INACTIVE relay UE. 

How to handle Relay UE’s connection request rejection
As we know, relay UE should enter RRC_CONNECTED state to be able to forward remote UE’s initial RRC messages. However, relay UE’s connection establishment/resume request may be rejected by gNB, due to congestion control. In the reject message, gNB may include a wait time, during which relay UE is not allowed to trigger connection establishment/resume request again. At the same time, relay UE informs the upper layer about the access barring. As for remote UE, the initial RRC messages may be RRCSetupRequest or RRCResumeRequest/RRCResumeRequest1, and T300/T319 timer will be started when initial RRC message is transmitted. If no feedback is received at expiry of the T300 timer expires, the remote UE will perform cell selection and reselection as legacy.  If no feedback is received at expiry of  the T319 timer expires, the remote UE will enter RRC_IDLE state as legacy . As we can see, for remote UE, the legacy timer based procedure can work when relay UE’s connection establishment/resume request is rejected by gNB.

Alternatively, PC5 Release can be used when relay UE’s connection establishment/resume request triggered by remote UE is rejected by gNB. As a legacy procedure, PC5 Release does not need additional specification work and has some benefit to remote UE(e.g. speed up the procedure and reduce latency).
Though the notification from relay UE on its rejected establishment/resume may be beneficial for remote UE, it will bring extra specification effort. Considering limited time for the SL relay WI, it is suggested that relay UE do not inform remote UE if its connection establishment/resume request triggered by remote UE is rejected by gNB.

Proposal 6: Relay UE do not inform remote UE if its connection establishment/resume request triggered by remote UE is rejected by gNB.
How to handle T300 timer
T300 timer is broadcasted to the UE in SIB1, and the value can be configured according to the expected maximum network delay. The UE starts T300 upon transmission of the RRCSetupRequest, and the UE aborts the establishment procedure and informs upper layers if the timer expires while no response received from gNB.

For RRC_CONNECTED relay UE, extra time is spent on the processing and forwarding of remote UE’s signalling/data. For RRC_IDLE/INACTIVE relay UE, relay UE’s RRC connection setup/resume procedure and the processing and forwarding of remote UE’s signalling/data all need extra time. So it is unreasonable for remote UE to still use the legacy T300 value. If we don’t increase the value of T300 timer, the remote UE’s RRC connection setup procedure may be aborted too early.  So the remote UE is proposed to be configured with larger value than legacy T300. Furthermore, T300 is configured cell specific in SIB1, so it is impossible to configure different values for relay UE and remote UE via the same T300 timer. Based on the above, we suggest the legacy T300 timer is used for relay UE and a new access timer with larger values is used for remote UE.
Proposal 7: A new access timer with larger value is needed for remote UE’s RRC setup procedure.
Conclusion
In this contribution, we focused on the control plane procedure, discussed the key issues and presented our solutions.  And we have the following observations and proposals:

Observation 1: Suppose that both the remote UE and relay UE perform UAC, it may happen that the remote UE is not barred while the associated relay UE is barred. In this case, remote UE may fail to establish the RRC connection due to the barring of relay UE. 

Observation 2: SA2 has agreed that if the CM-IDLE relay UE receive a connection request from remote UE for relaying, relay UE shall trigger service request procedure to enter CM_CONNECTED state before relaying the remote UE’s traffic. In this case, the existing establishment cause value provided by upper layer is used for the RRC connection establishment of RRC_IDLE relay UE.

Observation 3: For RRC_INACTIVE UE, the RRC connection can be resumed for NR sidelink communication when the SL Tx resource pool is not provided in SIB. In this scenario, upper layers initiate an RRC connection resume and AS layer set the resume cause provided from upper layers.

Proposal 1: It is suggested that the relay UE is not under UAC control when relay UE access the network just for relaying purpose. 

Proposal 2: Existing establishment/resume cause provided by upper layer is reused when relay UE initiates the RRC establishment/resume only for the purpose of relaying. The interaction with NAS can be left to UE implementation.  
Proposal 3: Uu RLC configuration for remote UE’s SRB0 message could be (re)configured by NW. Default configuration is not supported.
Proposal 4: Default configuration is used for the PC5 RLC configuration of remote UE SRB1 for RRCReconfigurationComplete in path switch to indirect path for RRC_IDLE/INACTIVE relay UE.
Proposal 5:  Dedicated signalling from gNB to relay UE is used for the Uu RLC configuration of remote UE SRB1 for RRCReconfigurationComplete in path switch to indirect path for RRC_IDLE/INACTIVE relay UE.
Proposal 6: Relay UE do not inform remote UE if its connection establishment/resume request triggered by remote UE is rejected by gNB.
Proposal 7: A new access timer is needed to indicate larger value.
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