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Introduction
During RAN2 #120 meeting, UE-to-UE sidelink relay has been discussed and the following agreements were achieved:
	Agreement:
Proposal 2: RAN2 to agree that in U2U relay, OOC UEs obtain discovery configuration from pre-configuration and IDLE/INACTIVE UEs obtain discovery configuration from SIB.
Proposal 6 (modified): RAN2 to confirm that SL-SRB0 is reused for DCR message if discovery is integrated into PC5 unicast link establishment procedure.
UE-to-UE relay selection can be triggered based on the PC5 RSRP (FFS SL-RSRP or SD-RSRP) of the direct link falling below a threshold.  FFS which remote UE (or both) can trigger relay selection.  FFS the relationship between selection and discovery.
UE-to-UE relay reselection can be triggered based on the PC5 RSRP (FFS SL-RSRP or SD-RSRP) between a remote UE and the relay UE falling below a threshold.  FFS which remote UE (or both) can trigger relay reselection.  FFS if/how the second hop between the relay UE and the peer UE is considered.
Proposal 15: RAN2 does not agree T400 as a new relay reselection trigger because it is already considered when determining PC5 RLF to trigger relay reselection.
Proposal 16 (modified): When the remote UE receives PC5-RLF indication from the U2U relay UE, it would inform upper layers and rely on upper layers to trigger relay reselection (or not).  FFS if there would be any constraints on the remote UE implementation behaviour to keep or release the PC5 link with the relay UE.


In this paper, we will discuss the FFS issues and present our point of view. In addition, we will also discuss authorization and L2 specific issues.
Discussion
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]L2 specific
Control plane
At first, let's review the configuration of the Uu/PC5 RLC channel in R17 U2N relay. As we can see from the table below, all RLC channel configuration can be configured by network except SL-RLC0 for SRB0 on PC5 hop. Before transmitting SRB0 signalling, remote UE can not acquire network configuration, so specified (fixed) configuration adopted for SRB0. As for SRB1, when receiving RRCResume/RRCReestablishment message and transmitting RRCReconfigurationComplete message during D2I path switch or RRCReestablishmentComplete message, remote UE has no dedicated configuration of SRB1 on PC5 link, so RAN2 agreed that default SL-RLC1 can be used for SRB1 messages. 
	
	PC5 RLC channel
	Uu RLC channel

	SRB0
	Specified(fixed)
	Configured by network

	SRB1
	Default configuration/ network configuration
	Configured by network

	SRB2
	Configured by network
	Configured by network

	SRB3
	Configured by network
	Configured by network


When it comes to U2U relay, SL-RLC channel can be configured hop by hop, e.g. the SL-RLC channel configuration between source UE and relay UE can be configured by source UE (OOC or RRC_IDLE/INACTIVE state) or serving gNB of source UE (RRC_CONNECTED state) and the SL-RLC channel configuration between relay UE and target UE can be configured by relay UE (OOC or RRC_IDLE/INACTIVE state) or serving gNB of relay UE (RRC_CONNECTED state). To be specific,  per hop PC5 link has established before source UE transmit the first end-to-end SL-SRB0 message(Direct Link Establishment Request), so per hop SL-RLC configuration for end-to-end SL-SRB(SL-SRB0, SL-SRB1, SL-SRB2, SL-SRB3)/SLRB can be configured by source/relay UE or its serving gNB. As in legacy, the configuration can be via dedicated signalling/SIB12/pre-configuration.
Proposal 1: Per hop SL-SRB/SLRB configuration can be performed by Tx UE of the hop when the UE is in RRC_IDLE/INACTIVE or OOC state, or performed by serving gNB of the Tx UE of the hop when the UE is in RRC_CONNECTED state.
As we know, for NR sidelink communication, the ciphering and deciphering function is applied with KEY (NRPEK), COUNT, BEARER (LSB 5 bits of LCID ) and DIRECTION  as input. In other words, ciphering is performed based on LSB 5 bits of LCID. However, in U2U relay, the LCID is configured per hop and so there is no end-to-end LCID between the two remote UEs. So how to set the BEARER in the ciphering and deciphering function should be discussed.
Proposal 2: RAN2 should discuss in U2U relay how to set the value of ‘BEARER’ in the ciphering and deciphering function.
Adaptation layer
As we know, R17 U2N relay adaptation layer header includes BEAR ID and UE ID. The BEAER ID in the adaptation layer header is the Uu radio bearer ID of the remote UE and the UE ID in the adaptation layer header is a local, temporary remote UE ID which is assigned by serving gNB of relay UE. For uplink, relay UE can perform bearer mapping between remote’s SRB/DRB and Uu RLC channel according to remote UE’s adaptation layer header. For downlink, relay UE can perform bearer mapping between remote’s SRB/DRB and PC5 RLC channel according to remote UE’s adaptation layer header. When it comes to U2U relay, BEAR ID and UE ID is also needed in the adaptation layer header. To be specific, upon receiving sidelink transmission from source remote UE, relay UE need to map end-to-end SL-SRB/SLRB data to the SL-RLC channel between relay UE and Rx UE, so L2 ID of target remote UE is needed. In addition to that, target remote UE need to differentiate the resource remote UE according to Source L2 ID. So, in U2U relay, source UE L2 ID and target UE L2 ID and BEARER ID need to be included in adaptation layer header.
Proposal 3: For U2U relay, PC5 adaptation layer header should include: source UE L2 ID, target UE L2 ID and BEARER ID. 
Moreover, In R17 U2N relay, adaptation layer is not present over PC5 hop for SRB0. This is because SRB0 is the first UE RRC message of remote UE. At this time, remote UE has no PC5 configuration of SRB/DRB and haven't obtain the local remote UE ID assigned by gNB. However, In U2U relay, the communication destination is not gNB but a target remote UE. Relay UE need to find target remote UE according adapatation layer header from source remote UE. So adaptation layer is needed for SL-SRB0. Similarly, adaptation layer is also needed for other SL-SRB e.g. SL-SRB1,SL-SRB2,SL-SRB3 and SLRB.With regard to SL-SRB4, since discovery message does not need to be relayed, we do not need consider the relaying of SL-SRB4.
Proposal 4: Adaptation layer needs to be present for SL-SRB0/1/2/3 and SL-DRBs.
QoS handling
In the latest SA2 TR 23.700-33-110, the conclusion about QoS split was reached: 
	The following conclusions are specific for Layer-2 UE-to-UE Relay:
-	Per-hop links (i.e. PC5 link between Source UE and UE-to-UE Relay, as well as between UE-to-UE Relay and Target UE) needs to be established before E2E PC5 link establishment is performed. Sol#30 (clause 6.30.2.2) is used as basis for normative work.
NOTE 7:	How the E2E PC5-S messages are forwarded by the UE-to-UE Relay is to be determined by RAN WGs.
NOTE 8:	For Layer-2 UE-to-UE Relay, RAN WGs will define how the E2E QoS will be handled and split over the PC5 links.


In our opinion, there are two options can be considered:
Option 1: source remote UE or the serving gNB of source remote UE perform QoS split；
Option 2: relay UE or the serving gNB of relay UE perform QoS split.
First of all, source remote UE will decide the E2E QoS parameters between source remote UE and target remote UE based on the application layer requirements. According to the latest TR 23.700-33, the E2E QoS parameters, especially the PDB, needs to be split between the two PC5 interface. The PER of the two PC5 interfaces also needs to be set properly to achieve the PER target in the E2E QoS parameters. 
In option 1, source remote UE in RRC_IDLE/INACTIVE state can split the E2E QoS into two parts for each hop. With regard to source remote UE in RRC_CONNECTED state, it may report E2E QoS parameter to gNB. gNB perform QoS split and then transmit per hop QoS parameters to source remote UE. Upon receiving the split QoS parameters, source remote UE sends the two hop QoS parameters to relay UE. Based on that, relay UE may further negotiate QoS parameter with target remote UE. 
In option 2, source remote UE send E2E QoS parameters to relay UE. If the relay UE is in RRC_CONNECTED state, it will report the E2E QoS parameters to gNB and gNB perform QoS split. For relay UE in RRC_IDLE/INACTIVE state, E2E QoS parameters can be split by itself. Then relay UE negotiate QoS parameters with target remote UE and source UE.
When it comes multi-hop scenario, relay UE can acquire total number of hops, current hop number, the remaining QoS parameters which is the QoS between the relay UE and target UE. In other words, the current node need to spit receiving QoS into next hop QoS and remaining QoS. However, the way relay UE perform QoS split cannot be extended to multi-hop scenarios. So we prefer option 1.
Proposal 5: Source UE perform QoS split when UE is in RRC_IDLE/INACTIVE state. Source UE’s serving gNB perform QoS split when the UE is in RRC_CONNECTED state.
0. Authorization
During RAN3 #118 meeting, RAN3 has replied an LS from SA2 on ProSe Authorization information related to UE-to-UE Relay operation to NG-RAN:
	R3-226822
RAN3 thanks SA2 for the LS on ProSe Authorization information related to UE-to-UE Relay operation to NG-RAN. RAN3 would like to provide the following feedback to SA2 concerning the authorization information for UE-to-UE Relay operation.

SA2 Question 1: Whether the "5G ProSe authorised" information needs to be enhanced to include the authorization information for UE-to-UE Relay operation?
RAN3’s Answer: RAN3 currently considers that there is no need to provide the authorization information for UE-to-UE Relay operation to the NG-RAN. So, the answer is NO from RAN3 perspective. 
However, since whether the gNB involvement to support the U2U relay operation is needed or not is within RAN2 remit, the RAN3 could enhance the "5G ProSe authorised" information, if needed, based on the RAN2’s progress.

SA2 Question 2: If the answer to Q1 is yes, which bullet(s) need to be included?
RAN3’s Answer: Please see the answer to Question 1.


According to the replied LS, RAN3 could enhance the "5G ProSe authorised" information, if needed, based on the RAN2’s progress. In our understanding, both mode 1 and mode 2 RA can be supported for U2U relay/remote UE. For Mode 1 RRC_CONNECTED L2 U2U relay UE, gNB may assign sidelink resources and provide PC5 RLC channel configuration and bearer mapping between ingress PC5 RLC channel and egress PC5 RLC channel to the U2U relay UE. But before that, gNB shall obtain the authorization of the UE and verify whether the UE is authorized to act as a L2 U2N relay UE. 
Similarly, for L2 U2U remote UE (source UE or destination UE) in RRC_CONNECTED state, gNB needs to provide SLRB, PC5 RLC channel configuration and bearer mapping between SLRB and egress PC5 RLC channel to the U2U remote UE. To provide such U2U related configuration to L2 U2U remote UE, gNB shall obtain the authorization of the UE and verify whether the UE is authorized to use a L2 U2U relay UE/to act as a U2U remote UE. Based on this observation, authorization information for L2 U2U relay UE and L2 U2U remote UE (source UE or destination UE) are needed. 
However, for L3 U2U relay communication, it is equivalent to normal SL direct communication hop by hop. Specifically, L3 U2U source remote UE reports the PC5 QoS between the remote UE and L3 U2U relay UE and then network provides SLRB configuration to the remote UE. L3 U2U relay UE reports the PC5 QoS between the relay UE and L3 U2U destination remote UE and then network provides SLRB configuration to the relay UE. As we can see, the procedures are the same as ProSe direct communication. Therefore, for L3 U2U relay/remote UE, the authorization of ProSe direct communication is enough for them. So, the authorization information for L3 U2U relay/remote UE is not needed.
Proposal 6: From RAN2’s perspective, the following L2 U2U related authorization information are needed:
- 5G ProSe Layer-2 UE-to-UE Relay,
- 5G ProSe Layer-2 U2U UE (source UE or destination UE).
Proposal 7: Authorization for L3 U2U relay/remote UE is not needed.
Scenario and assumption
During RAN2#119-e-bis meeting, the following agreement was achieved. And it is FFS whether some gNB control is needed for the in-coverage scenario and how/whether the gNB involvement can be simplified compared to U2N. 
	RAN2 will strive to simplify the gNB involvement in U2U-relay-specific operation as compared to the U2N case.  Details are FFS, including whether some gNB control is needed for the in-coverage scenario and how/whether the gNB involvement can be simplified compared to U2N.


Let’s review the procedures which involve gNB control in U2N relay and then see if these procedures can be simplified in UE-to-UE relay. These procedures include:
· Discovery configuration;
· mode 1 and mode 2 resource allocation;
· SRB/DRB/PC5 RLC channel configuration and bearer mapping;
· QoS reporting and split;
· Authorization;
· Relay (re)selection/Path switch (including measurement configuration and measurement report).
For discovery configuration, there is no strong reason to configure individual thresholds for each U2U UE. To simplify the gNB involvement in U2U-relay-specific operation as compared to the U2N case, we think the discovery configuration in SIB can be used together for RRC_CONNECTED U2U UE and RRC_IDLE/INACTIVE U2U UE and there is no need to configure a dedicated discovery configuration for RRC_CONNECTED U2U UE.
In addition, some companies proposed whether Mode1 RA and Mode 2 RA configured by dedicated signaling should be supported need further discussion. Actually, the SL UE always supports both Mode 1 RA and mode 2 RA since Rel-12, not matter it is for public safety, V2X or other commercial scenario. For U2N relay, it also has been agreed in previous meeting that both mode 1 RA and mode 2 RA can be configured for the U2N remote UE with both direct path and indirect path available. Similarly, for U2U relay, the RRC_CONNECTED remote UE may also directly receive the sidelink grant from gNB while maintaining the indirect connection with other UE. So it is suggested to reuse the legacy principle and the extra specification limitation for UE-to-UE relay is unnecessary. 
In R17 U2N relay, gNB need to configure SRB/DRB, Uu RLC channel, PC5 RLC channel and bearer mapping between ingress RLC channel and egress RLC channel. gNB can ensure the QoS of the UE accurately through these dedicated configuration above. So we think the same mechanism should be followed. To be specific, for L2 U2U relay UE in RRC_CONNECTED state, gNB may allocate sidelink resources and provide PC5 RLC channel configuration and bearer mapping between ingress PC5 RLC channel and egress PC5 RLC channel to the U2U relay UE. For L2 U2U remote UE in RRC_CONNECTED state, gNB needs to provide end-to-end SLRB, PC5 RLC channel configuration and bearer mapping between SLRB and egress PC5 RLC channel to the U2U remote UE. 
In the previous RAN2 meeting, the discussion on relay (re)selection of U2U UE has not yet involved RRC_CONNECTED UE. We think how RRC_CONNECTED U2U UE perform relay (re)selection needs to be discussed. As we know, the relay (re)selection of RRC_CONNECTED U2N UE is included in the path switch scope. To be specific, in R17 U2N relay, gNB need to send measurement configuration to RRC_CONNECTED remote UE. Upon receiving the measurement configuration, the remote UE need to perform measurement event and report measurement result to gNB accordingly. And then gNB can select a UE as relay and configure it to the remote UE in Path Switch procedure.  When it comes U2U relay, the relay (re)selection of RRC_CONNECTED UE can have the following two methods:
Option 1: the same way as RRC_IDLE/INACTIVE U2U UE
Option 2: the same way as RRC_CONNECTED UE in U2N, e.g. involved in Path Switch procedure.
So, we suggest RAN2 discuss how RRC_CONNECTED U2U UE perform relay (re)selection.
In addition, authorization-related analysis can be found in section 2.1 and QoS handling related analysis can be found in section 2.1.3.
Proposal 8: RAN2 need to discuss how RRC_CONNECTED U2U UE perform relay (re)selection.
Option 1: the same way as RRC_IDLE/INACTIVE U2U UE;
Option 2: the same way as RRC_CONNECTED UE in U2N, e.g. involved in Path Switch procedure.
Proposal 9: For UE-to-UE relay, gNB involvement is needed at least in the following procedures: mode1 and mode2 RA, QoS reporting and split, SLRB configuration, PC5 RLC channel configuration, bearer mapping, authorization.
Conclusion
In this contribution, we discussed all aspects in UE-to-UE relay comprehensively. And we have the following proposals:
Proposal 1: Per hop SL-SRB/SLRB configuration can be performed by Tx UE of the hop when the UE is in RRC_IDLE/INACTIVE or OOC state, or performed by serving gNB of the Tx UE of the hop when the UE is in RRC_CONNECTED state.
Proposal 2: RAN2 should discuss in U2U relay how to set the value of ‘BEARER’ in the ciphering and deciphering function.
Proposal 3: For U2U relay, PC5 adaptation layer header should include: source UE L2 ID, target UE L2 ID and BEARER ID.
Proposal 4: Adaptation layer needs to be present for SL-SRB0/1/2/3 and SL-DRBs.
Proposal 5: Source UE perform QoS split when UE is in RRC_IDLE/INACTIVE state. Source UE’s serving gNB perform QoS split when the UE is in RRC_CONNECTED state.
Proposal 6: From RAN2’s perspective, the following L2 U2U related authorization information are needed:
- 5G ProSe Layer-2 UE-to-UE Relay,
- 5G ProSe Layer-2 U2U UE (source UE or destination UE).
[bookmark: _GoBack]Proposal 7: Authorization for L3 U2U relay/remote UE is not needed.
Proposal 8: RAN2 need to discuss how RRC_CONNECTED U2U UE perform relay (re)selection.
Option 1: the same way as RRC_IDLE/INACTIVE U2U UE;
Option 2: the same way as RRC_CONNECTED UE in U2N, e.g. involved in Path Switch procedure.
Proposal 9: For UE-to-UE relay, gNB involvement is needed at least in the following procedures: mode1 and mode2 RA, QoS reporting and split, SLRB configuration, PC5 RLC channel configuration, bearer mapping, authorization.
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