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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
In the last RAN2 meeting, there were some discussions on adaptation layer. There were related agreements as follows [1]:
Agreements:
Proposal 5	Adaptation layer is not present over PC5 hop for SRB0 [16/19].
Proposal 6	Adaptation layer is not present over PC5 hop for BCCH and PCCH [15/15].
Proposal 9 (modified)	Send LS to SA3 to notify the RAN2 agreement on local/temporary remote UE ID field in adaptation layer [19/19].
Agreement:
Support the adaptation layer on PC5 for bearer mapping only.
Agreements:
Proposal 8		Serving gNB of relay UE assigns the local/temp remote UE ID.
Proposal 1 (revised)	For SRB0, adaptation layer is present over Uu hop for UL.
Proposal 2		For SRB0, adaptation layer is present over Uu hop for DL.
Agreements:
Proposal 1: 	RAN2 postpones discussions on configurability of Uu adaptation layer header and revisits it if time allows. 
Proposal 8: 	A single adaptation layer entity for the Uu adaptation layer is configured in the relay UE .  
Agreement:
Uu RLF is not indicated in adaptation layer.
Agreement:
Uu adaptation layer and PC5 adaptation layer can be described as separate entities for specification purpose (we do not specify how they will be actually implemented).

In this contribution, we give further analyses and proposals on the adaptation layer design for L2 SL relay from the following perspectives:
· Design for PC5 adaptation layer;
· Left issues for Uu adaptation layer;
· Header formats for Uu and PC5 adaptation layer;
2. Adaptation Layer Design
2.1. PC5 adaptation layer 
In the last RAN2 meeting, adaptation layer on PC5 was agreed to be supported for bearer mapping only. And it was concluded that adaptation layer is not present over PC5 hop for Uu SRB0. In our understanding, remote UE’s Uu SRB 0 is the first message over the relay link. The serving gNB of the relay UE & remote UE cannot provide dedicated configuration for the mapping between Uu SRB0 and PC5 RLC channel, since the remote UE has not entered RRC_Connected mode before SRB0. Also, it is not allowed for the relay UE to provide such a mapping, since the general principle for L2 relaying is that the serving gNB is responsible for all dedicated configurations. Hence, there would be only two potential options to implement this mapping between remote UE’s Uu SRB0 and PC5 RLC channel. Considering that we agreed earlier to depend on a specified (fixed) configuration for the PC5 RLC channel carrying Uu SRB0, these options are mainly related to for PC5 LCID assignment:
Option 1: Specified mapping in the specification, e.g. pre-defined PC5 LCID associated with remote UE’s Uu SRB0;
Option 2: Configured mapping in the SIB by serving gNB, e.g. configured PC5 LCID for remote UE’s Uu SRB 0.
Somebody may consider the potential flexibility for option 2 as it relies on NW configuration, but we do not think it is not very necessary. Option 1 is simpler. Hence, we prefer option 1. 
Furthermore, from the SRB0 identification perspective, this specific mapping between Uu SRB0 of the remote UE and the specified PC5 RLC channel should be a 1-to-1 mapping, since there is no other methods to distinguish Uu SRB0 from other Uu/PC5 RBs, if this specified PC5 RLC channel is shared by multiple RBs. These analyses are applicable for both UL SRB0 and DL SRB0. In addition, the specified PC5 RLC channel for Uu SRB0 should be bi-directional RLC UM mode.
Based on the above analyses, we propose:
Proposal 1： The mapping between Uu SRB0 (UL & DL) of the remote UE and the associated PC5 RLC channel is 1-to-1 mapping.
Proposal 2： The mapping between Uu SRB0 of the remote UE and PC5 RLC channel is specified via a specified PC5 LCID.
Proposal 3： The specified PC5 RLC channel for Uu SRB0 should be bi-directional RLC UM mode.
After Uu SRB0 procedure, other Uu SRB(s) and potential Uu DRB(s) may be established via Uu RRC signalling between the serving gNB and the remote UE. It is a natural way to configure dedicated mapping between E2E[footnoteRef:1] RB(s) of the remote UE (except for SRB0) and PC5 RLC channel(s) along with the Uu RB reconfiguration by the serving gNB, which is similar for the relay UE. [1:  “E2E” here refers to the end-to-end configuration/communication between the remote UE and the gNB.] 

Proposal 4： The mapping between E2E RB(s) of remote UE (except for SRB0) and PC5 RLC channels is configured by the serving gNB to relay UE and remote UE, respectively.
The next issue is whether the header of PC5 adaptation layer is optional or mandatory, coming along with the last-meeting agreement of supporting PC5 adaptation layer. Compared to Uu bearer aggregation (M-to-1) inside one relay UE, which mainly aims to cope with the limited number of Uu DRBs that a relay UE can afford to serve multiple remote UEs connected, PC5 bearer aggregation (M-to-1) may not be a quite typical scenario at the remote UE in this release of U2N relay, and it is much simpler to have 1-to-1 mapping between E2E RB and PC5 RLC channel when the number of PC5 LCIDs is enough. In typical cases, it seems that the number of Uu RB number supported by one remote UE is not very large, e.g. not exceeding 10, and so the PC5 LCID number is enough to afford the 1-to-1 mapping. Even if some of PC5 RLC channels are used to support E2E RB aggregation, not all of PC5 RLC channels need to support that. Since a unified PC5 adaptation header presence among all the PC5 RLC channels has already been impossible, due to the previous agreement of always making it absent for Uu SRB0, it is then proposed that the presence of PC5 adaptation layer header is configurable per PC5 RLC channel.
Proposal 5： The presence of PC5 adaptation layer header is configurable per PC5 RLC channel.

2.2. Uu adaptation layer
In RAN2#113bis-e meeting, a local remote UE ID was agreed due to the security and overhead consideration. And in RAN2#115-e meeting, RAN2 agreed that it is the serving gNB of the relay UE that assigns the local/temp remote UE ID. We hereby provide further analysis on detailed procedure.
Since now the serving gNB of the relay UE is responsible to assign the local remote UE ID, CP procedure is a mature solution that follows the legacy way of configuration. CP procedure for local remote UE ID assignment means that the gNB uses a DL RRC message to signal the local remote UE ID assignment/release to the relay UE. Before this configuration by the gNB, the relay UE may to need request local remote UE ID assignment and L2 relaying configurations for the arrival of a new remote UE via UE reporting, e.g. reusing Sidelink UE Information. Only after CP procedure is successfully completed, can the relay UE and the gNB start/stop using this local remote UE ID in the adaptation layer header. The key advantage of the CP procedure is confirmation and synchronization guarantee.
The following Figure 1 is an example of CP procedure for local remote UE assignment by the serving gNB of the relay UE:


Figure 1: CP procedure for local remote UE ID assignment by the serving gNB
The detailed description of each step is as follows:
Step 1: After relay UE and remote UE complete PC5 RRC connection establishment for relaying, relay UE reports remote UE info to its serving gNB, e.g. Layer-2 ID of remote UE via SL UE Information.
Step 2: The gNB configures a local remote UE ID mapped to remote UE L2 ID to relay UE, and relay UE feeds back complete message.
Step 3: Relay UE uses Uu adaptation header with local remote UE ID and E2E RB ID 0 to carry UL E2E SRB0 message of the remote UE to the gNB.
Step 4: The gNB also uses Uu adaptation header with local remote UE ID and E2E RB ID 0 to carry DL E2E SRB0 message of remote UE via relay UE. Relay UE identifies the right remote UE by the local remote UE ID.
In the above CP procedure, the use of local remote UE ID can only happen after the configuration procedure is successful, which completely follows legacy CP rule and has enough configuration reliability. And after assignment of the local remote UE ID, the mapping between E2E RB(s) of remote UE and Uu RLC channel of the relay UE is totally controlled and configured by the serving gNB of the relay UE.
Hence, we propose:
Proposal 6： Explicit RRC signalling procedure is used to assign the local remote UE ID to the relay UE by its serving gNB.
Proposal 7： The assignment of local remote UE ID is triggered by explicit relay UE reporting, e.g. SL UE Information.
Proposal 8： The relay UE may require the assignment of local remote UE ID before the first E2E SRB0 message from this remote UE is received (e.g. upon the establishment of the PC5 RRC connection with the remote UE).
Proposal 9： The mapping between E2E RB(s) of remote UE (including UL&DL SRB0) and Uu RLC channels of the relay UE is configured by the serving gNB of the relay UE.
The next issue is whether bearer mapping restriction in Uu interface, i.e. QoS flows belonging to different PDU sessions cannot be mapped to the same DRB, will have impact on Uu RLC channel mapping for L2 relay. The above Uu bearer mapping restriction is used to guarantee service continuity when separate PDU session handover occurs. PDCP function, especially for RLC AM, can guarantee data lossless, when all QoS flows of one PDCP entity can be handed over as a whole. Hence there is no doubt that same bearer mapping restriction will be reused in the mapping between QoS flows to Uu DRBs at the remote UE, i.e. QoS flows belonging to different PDU sessions cannot be mapped into the same Uu DRB.
However, when mapping remote’s E2E RBs to relay’s Uu RLC channels, such a “same-PDU-session-only” mapping restriction is not be needed any longer. Since a Uu RLC channel only has the RLC entity without a PDCP entity, service continuity and lossless are not needed at this level. Hence, mapping QoS flows of different PDU sessions into the same Uu RLC channel can be supported. Otherwise, the benefit of bearer aggregation in Uu RLC channel would largely vanish, and Uu LCID number needed by a relay UE will become excessively huge when multiple remote UEs connects to it.
Proposal 10： Different E2E RBs from one remote UE or from different remote UEs, which belong to different PDU sessions, can be mapped to the same Uu RLC channel at the relay UE.
2.3. Header format 
The main function of adaptation layer is to support bearer aggregation. And the key difference between Uu and PC5 adaptation layer is whether aggregation of Uu RBs from different remote UEs is supported or not. In order to differentiate E2E RBs of different remote UEs in Uu, the remote UE ID and E2E RB ID should be needed in the header of the adaptation layer PDU. However, in PC5 adaptation layer, only E2E RB ID is needed.
In RAN2#113bis-e meeting, E2E RB ID was agreed to be included in the adaptation layer header, i.e. 5-bit length. The local remote UE ID represents the maximum number of remote UEs to which a relay UE can provide relaying service simultaneously. In our understanding, the maximum number of remote UEs that a relay UE connects may be limited to, e.g. 8 for 3-bit.
Proposal 11： RAN2 to decide the detailed field lengths in the Uu adaptation layer header, e.g. 5-bit RB ID and 3-bit local remote UE ID.
[bookmark: _GoBack]When more than one E2E RBs of the remote UE (except for SRB0) are mapped into one PC5 RLC channel, PC5 adaptation layer is needed to distinguish E2E RBs. Since RAN2 agreed that bearer mapping is the only function of PC5 adaptation layer, the header of PC5 adaptation layer should only include one field, i.e. 5-bit E2E RB ID. Other bits are used as reserved bits for byte alignment in this release. 
Proposal 12： The header of adaptation layer in PC5 only has E2E RB ID field of remote UE, e.g. 5-bit length. Other bits are used as reserved bits for byte alignment in this release. 
3. Conclusion
In this contribution, we give further analyses and solutions on adaptation layer.  Based on the discussion, we have the following proposals:
Proposal 1： The mapping between Uu SRB0 (UL & DL) of the remote UE and the associated PC5 RLC channel is 1-to-1 mapping.
Proposal 2： The mapping between Uu SRB0 of the remote UE and PC5 RLC channel is specified via a specified PC5 LCID.
Proposal 3： The specified PC5 RLC channel for Uu SRB0 should be bi-directional RLC UM mode.
Proposal 4： The mapping between E2E RB(s) of remote UE (except for SRB0) and PC5 RLC channels is configured by the serving gNB to relay UE and remote UE, respectively.
Proposal 5： The presence of PC5 adaptation layer header is configurable per PC5 RLC channel.
Proposal 6： Explicit RRC signalling procedure is used to assign the local remote UE ID to the relay UE by its serving gNB.
Proposal 7： The assignment of local remote UE ID is triggered by explicit relay UE reporting, e.g. SL UE Information.
Proposal 8： The relay UE may require the assignment of local remote UE ID before the first E2E SRB0 message from this remote UE is received (e.g. upon the establishment of the PC5 RRC connection with the remote UE).
Proposal 9： The mapping between E2E RB(s) of remote UE (including UL&DL SRB0) and Uu RLC channels of the relay UE is configured by the serving gNB of the relay UE.
Proposal 10： Different E2E RBs from one remote UE or from different remote UEs, which belong to different PDU sessions, can be mapped to the same Uu RLC channel at the relay UE.
Proposal 11： RAN2 to decide the detailed field lengths in the Uu adaptation layer header, e.g. 5-bit RB ID and 3-bit local remote UE ID.
Proposal 12： The header of adaptation layer in PC5 only has E2E RB ID field of remote UE, e.g. 5-bit length. Other bits are used as reserved bits for byte alignment in this release. 
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