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1
Introduction

In RAN2 #111e meeting, one post-meeting Email discussion was approved to discuss the remaining issues on L2 architecture including the functionality of the adaptation layer and control plane procedures.
During this Email discussion [Post111-e][627][Relay], a lot of consensuses are achieved based on companies’ input, however, there are still some remaining issues need further discussion. In this contribution, we would like to have detailed analysis on the remaining issues, e.g., PC5 adaptation layer for L2 UE-to-Network Relay and the connection establishment procedure for L2 UE-to-UE Relay and some proposals will be provided to move SI progress forward.
2
Discussion
2.1 Adaptation Layer@PC5 for L2 U2N relay

In the email discussion [Post111-e][627][Relay], one of the controversial issue is whether to have Adaptation Layer @ PC5 link between remote UE and relay UE. One main motivation raised by companies is to support N:1 mapping from remote UE Uu radio bearer to PC5 RLC bearer. 

· Companies preferring the PC5 adaptation layer think it can be used to enable flexible mapping, e.g., more than one Uu radio bearers with similar QoS requirement can share one PC5 RLC bearer and such functionality is also beneficial to reduce LCID space. In addition, companies also think the introduction of this PC5 adaptation layer provides forward compatibility to multi-hop case in the further release.
· On the contrary, some other companies have different understanding that the LCID space of the relay UE is not the bottleneck because in NR sidelink the LCID space is maintained per PC5 RRC connection for unicast, instead of per UE and as specified in MAC specification, the LCID value ranges for Uu and PC5 are same. Further, considering that both Uu radio bearer and PC5 RLC bearer are configured by RAN in UE-to-Network relay scenarios, it is not clear in which case RAN will configure more Uu radio bearers more than PC5 RLC bearer if these Uu radio bearers can be mapped to this one PC5 RLC bearer. With respect to the forward compatibility to multi-hop relay, companies think it has low priority and the detailed solution is not clear. One more thing is that the PC5 adaptation layer will introduce at least one byte overhead.

With respect to this N:1 mapping @ PC5 link, our understanding is that it is not the critical point to be settled for U2N relay in SI phase as long as it is aligned with the whole bearer mapping function. Considering it seems far away from achieving consensus on this detailed protocol stack design for now, we would like to suggest companies to keep the time limitation in mind and try to focus on the functionality of bearer mapping itself. In the following, we will have some detailed analysis on the solutions of bearer mapping of remote Uu radio bearer without/with PC5 adaptation layer.

Bearer mapping without PC5 adaptation layer

· For uplink transmission, remote UE should be configured with Uu PDCP and PC5 RLC bearer associated to one Uu radio bearer so that the remote UE is able to transfer the PDCP PDU from one PDCP entity to the mapped PC5 RLC bearer. Correspondingly, the relay UE should be configured with mapping between the ingress PC5 RLC bearer and Uu radio bearer so that the relay UE is able to include the Uu radio bearer ID in the Uu adaptation layer header. This Uu radio bearer ID carried in Uu adaptation layer header is for network to decide which PDCP entity/Uu radio bearer one received RLC SDU belongs to.
· For downlink transmission, relay UE should be configured with mapping between remote UE Uu radio bearer and egress PC5 RLC bearer so that the relay UE is able to transfer the received PDCP PDU with DRB ID to the mapped PC5 RLC bearer. Similarly, since the remote UE is configured with the Uu PDCP and PC5 RLC bearer associated to the Uu radio bearer so that the remote UE is able to transfer the received PDCP PDU from the PC5 RLC bearer to the mapped PDCP entity.

Observation 1: For bearer mapping without PC5 adaptation layer, both of remote UE and relay UE should be configured with mapping between Uu radio bearer and PC5 RLC bearer, and the remote UE Uu radio bearer ID will be carried in the Uu adaptation layer.

Bearer mapping with PC5 adaptation layer

· For uplink transmission, remote UE should be configured with mapping between a Uu radio bearer and a PC5 RLC bearer so that the remote UE is able to transfer the PDCP PDU from one PDCP entity to the mapped PC5 RLC bearer with the PC5 adaptation layer header including the Uu radio bearer ID. Correspondingly, the relay UE is able to know the Uu radio bearer ID upon receiving the PC5 adaptation layer header from the ingress PC5 RLC bearer and then includes the Uu radio bearer ID in the Uu adaptation layer header. This is also is for network to decide which PDCP entity/Uu radio bearer one received RLC SDU belongs to.
· For downlink transmission, relay UE should be configured with the mapping between a Uu radio bearer egress a PC5 RLC bearer  so that the relay UE is able to transfer the received PDCP PDU with the Uu radio bearer ID to the mapped PC5 RLC bearer. Similarly, since the remote UE is able to know the Uu radio bearer ID from the PC5 adaptation layer header and then transfers the PDCP PDU to the PDCP entity.

Observation 2: For bearer mapping with PC5 adaptation layer, both of remote UE and relay UE should be configured with mapping between Uu radio bearer and PC5 RLC bearer, and the remote UE Uu radio bearer ID will be carried in the Uu adaptation layer and the PC5 adaptation layer as well.

According to the above observations, we can see that irrespective of whether there is PC5 adaptation layer or not, the bearer mapping in PC5 link and Uu link can be performed based on the Uu radio bearer ID of the remote UE in both remote UE and relay UE side. Although there is small difference on the detailed UE handling within the relay UE, it is more like UE implementation issue instead of standard impact. Therefore, to move the SI progress forward, we think it is better to achieve a RAN2 consensus that for L2 UE-to-Network relay, the functionality of bearer mapping in PC5 and Uu link can be supported based on the Uu radio bearer ID. With this RAN2 consensus, in SI stage, we can capture both L2 UE-to-Network relay protocol stacks with and without PC5 adaptation layer as candidate solutions and leave the down selection to WI stage.

Observation 3: The presence of PC5 adaptation layer only impacts the enhancement of N:1 mapping at PC5 link, but has no impact to the essential adaption layer functionality.

Proposal 1: RAN2 agree for L2 UE-to-Network relay the functionality of bearer mapping in PC5 and Uu link can be achieved by using the Uu radio bearer ID of the remote UE.

Proposal 2: Capture both protocol stack options with and without PC5 adaptation layer for L2 UE-to-Network relay as candidate solutions in TR and leave the down selection to WI stage.

Apart from the N:1 mapping issue, there is one more concern related to Adaptation Layer@PC5 which is whether and how to support traffic differentiation between non-relaying traffic and relaying traffic. The background is that the remote UE and relay UE may apply the same unicast connection for both relaying traffic and non-relaying traffic, e.g., Rel-16 defined V2X unicast communication.

· Companies supporting PC5 adaptation layer believe that it is a normal case and in this case it is straight forward to reuse the PC5 adaptation layer to achieve this traffic differentiation functionality.

· However, the some other companies are not convinced and they think it is more reasonable to assume that the L2 IDs for relaying traffic and non-relaying traffic will be different considering that the connection establish procedure defined in SA2 for UE-to-Network relay is different from what is defined for Rel-16 NR V2X. Even if it is allowed in SA2 to reuse same L2 ID, it is also feasible to use different PC5 LCH to distinguish the two types of traffic. One more concern is that such design will impact the protocol stack of legacy non-relaying traffic, i.e., the Rel-16 NR V2X unicast communication.

In our understanding, whether to use the same L2 ID pair or not for relaying traffic and non-relaying traffic is in SA2 scope. However, SA2 did not discuss and make any conclusion on this issue, and considering SA2 is in conclusion stage SI, we also do not expect SA2 to address this right away. From RAN2 perspective, we need to confirm that regardless of which way to go in SA2, the traffic differentiation functionality can be enabled by pure RAN solution, e.g. different LCID.

Observation 4: Traffic differentiation between relaying traffic and non-relaying traffic can be supported by RAN solution (e.g. by separated PC5 LCID) with or without PC5 adaptation layer.
2.2 Connection establishment for L2 U2U relay

In the email discussion, another issue is about the connection establishment procedure for L2 UE-to-UE relay. One thing we need to notice is that in Rel-16 NR V2X, the unicast connection establishment procedure is specified in SA2 specification since it is purely PC5-S signaling. After the PC-S establishment, there would be a PC5 RRC connection directly. So from RAN2 perspective, we did not introduce any explicit AS procedure to establish the PC5 RRC connection. Instead, UE AS establishes the PC5 SRBs upon receiving the indication from upper layer that the PC5-S unicast connection has been established.

Observation 5: In Rel-16 NR V2X, the connection establishment procedure is specified in SA2 specification.

Observation 6: In Rel-16 NR V2X, no AS procedure is introduced for PC5 RRC connection establishment.

For UE-to-UE relay, the Solution 8 and Solution 9 are captured in the latest SA2 TR 23.752 [1] as candidate solutions. Both are designed based on the existing R16 NR V2X unicast connection establishment procedure without introduction of discovery message. According to the existing procedures captured, it is reasonable to assume that it will be same as what we do in Rel-16 for NR V2X that no AS procedures are needed for UE-to-UE relay connection establishment. Later, it is up to SA2 to decide whether to introduce discovery procedure/messages for UE-to-UE relay and the discovery procedure and messages will be specified in SA2.

Since according to the existing solutions on table there is no RAN impact is foreseen for UE-to-UE connection establishment procedure and based on R16 experience, the whole procedure can be specified in SA2, we think it is a better way to refer it to SA2 TR in RAN2 TR and waiting for SA2 progress.

Proposal 3: For L2 UE-to-UE relay establishment procedure, it is sufficient in RAN2 TR to refer to the solutions in SA2 TR 23.752 (e.g. to Solution #8 and Solution #9).
3
Conclusion

In this contribution, we discussed the L2 remaining issues including Adaptation Layer@PC5 for L2 U2N relay and connection establishment procedure for L2 U2U relay, and made the following observations and proposals.

Observation 1: For bearer mapping without PC5 adaptation layer, both of remote UE and relay UE should be configured with mapping between Uu radio bearer and PC5 RLC bearer, and the remote UE Uu radio bearer ID will be carried in the Uu adaptation layer.
Observation 2: For bearer mapping with PC5 adaptation layer, both of remote UE and relay UE should be configured with mapping between Uu radio bearer and PC5 RLC bearer, and the remote UE Uu radio bearer ID will be carried in the Uu adaptation layer and the PC5 adaptation layer as well.

Observation 3: The presence of PC5 adaptation layer only impacts the enhancement of N:1 mapping at PC5 link, but has no impact to the essential adaption layer functionality.

Observation 4: Traffic differentiation between relaying traffic and non-relaying traffic can be supported by RAN solution (e.g. by separated PC5 LCID) with or without PC5 adaptation layer.

Observation 5: In Rel-16 NR V2X, the connection establishment procedure is specified in SA2 specification.

Observation 6: In Rel-16 NR V2X, no AS procedure is introduced for PC5 RRC connection establishment.

Proposal 1: RAN2 agree for L2 UE-to-Network relay the functionality of bearer mapping in PC5 and Uu link can be achieved by using the Uu radio bearer ID of the remote UE.

Proposal 2: Capture both protocol stack options with and without PC5 adaptation layer for L2 UE-to-Network relay as candidate solutions in TR and leave the down selection to WI stage.

Proposal 3: For L2 UE-to-UE relay establishment procedure, it is sufficient in RAN2 TR to refer to the solutions in SA2 TR 23.752 (e.g. to Solution #8 and Solution #9).
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