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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
In the last RAN2#113bis-e meeting, there were some discussion on adaptation layer. There were some agreements as follows [1]:
Proposal 3: For both DL and UL transmission of Uu radio bearers other than SRB0, identity information of a remote UE and its Uu radio bearer are included in the header of adaptation layer over Uu. FFS for SRB0. FFS if the presence of adaptation layer header can be configurable. (24/24)
Proposal 3a: The radio bearer ID in the adaptation layer header is the Uu radio bearer ID of the remote UE. (23/24)
Proposal 3b: The UE ID in the adaptation layer header is a local, temporary remote UE ID. FFS whether the local, temporary remote UE ID is assigned by the relay UE, or the serving gNB of the relay UE. (23/24)
Proposal 3c: Mapping is done at Relay UE between PC5 RLC bearer IDs, identity information of remote UE and Uu radio bearer, and Uu RLC bearer IDs.
In this contribution, we give further analysis and proposals on the adaptation layer design for L2 SL relay from the following perspectives:
· Whether adaptation layer is needed or not in PC5 link between remote UE and relay UE;
· Who allocates and maintains local remote UE ID, i.e. relay UE or gNB;
· Other details related to adaptation layer (including adaptation layer header design and configuration of adaptation layer).
2. Adaptation Layer Design
2.1. Need of adaptation layer over PC5
In previous meetings, related discussions only achieved the consensus that adaptation layer should be supported over Uu link between the relay UE and the gNB for bearer aggregation purpose, as in SI. But for whether to support adaptation layer over PC5 link between remote UE and relay UE, there was still divergence among companies, with the below 3 types of views as shown in the rapporteur’s summary [2]:
· Proponent: to specify PC5 adaptation layer with the limitation that it has a similar PDU format (e.g., header content, control PDU) and similar functionalities as those of Uu adaptation layer, in a way to address concerns of specification workload and additional UE implementation.
· Configurable: to specify PC5 adaptation layer as configurable based on UE capability.
· Opponent: to support 1:1 mapping between remote UE’s Uu radio bearers and PC5 RLC bearers, without need of any adaptation layer header/procedure in PC5.
In our understanding, the main reasons from proponents may focus on two key points as follows: 
1) Support of N:1 mapping for remote UE’s Uu radio bearers to PC5 RLC channels; 
2) Support of forward compatibility for potential features in future releases, e.g. adaptation control PDU such as flow control, multi-hop or more complex topology and so on. 
Regarding the N:1 mapping for remote UE’s Uu radio bearers to PC5 RLC channels, although the maximum number of logical channels in Uu link and that in PC5 link are different, i.e. 19 LCIDs in PC5 and 32 LCID in Uu which include SRBs, the N:1 mapping as argued by companies can still be evitable. Specifically, current use of only 16 LCIDs for DRBs in SL is just because no more service requirements than that was identified in Rel-16 NR SL design. Apparently, if needed, the maximum number of supported SL DRBs between the remote UE and relay UE can be extended to 32 by occupying the reserved LCID values for SL-SCH, where there are no technical barriers to do so. 
Table 6.2.1-1 Values of LCID for DL-SCH
	Codepoint/Index
	LCID values

	0
	CCCH

	1–32
	Identity of the logical channel

	33
	Extended logical channel ID field (two-octet eLCID field)

	34
	Extended logical channel ID field (one-octet eLCID field)



Table 6.2.4-1 Values of LCID for SL-SCH
	Index
	LCID values

	0
	SCCH carrying PC5-S messages that are not protected

	1
	SCCH carrying PC5-S messages "Direct Security Mode Command" and "Direct Security Mode Complete"

	2
	SCCH carrying other PC5-S messages that are protected

	3
	SCCH carrying PC5-RRC messages

	4–19
	Identity of the logical channel

	20–61
	Reserved

	62
	Sidelink CSI Reporting

	63
	Padding


Hence, we have the following observation based on above analyses:
Observation 1: Extension of maximum number of LCIDs for SL-SCH in SL relay architecture is feasible to support 1:1 mapping between the remote UE’s Uu radio bears and PC5 RLC channels.
Furthermore, N:1 mapping for remote UE Uu bearer to PC5 RLC channel will have the same effect as 1:1 mapping from an E2E[footnoteRef:1] QoS support point of view, if QoS flows mapped respectively to N E2E bearers were aggregated to one E2E bearer alternatively, especially considering that all these E2E bearers with the similar QoS requirements from different remote UEs are to be further mapped into one Uu RLC bearer.  An example is shown in the following Figure 1. In these similar examples, N:1 mapping for remote UE E2E bearers to a PC5 RLC channel is totally equivalent to mapping the QoS flows of these N E2E bearers into one E2E bearer, since in the next hop between the relay UE and the gNB, it is likely that these E2E bearers are still mapped into one Uu RLC channel of the Relay UE for multiple remote UE aggregation, regardless of whether N:1 mapping or 1:1 mapping is applied at the remote UE side. Hence, in the stage of SDAP configuration, mapping these QoS flows into one single E2E bearer is more reasonable and simpler from our perspective. [1:  The terminology “E2E” used in this paper refers to related end-to-end operations between the remote UE and the gNB.] 



Figure 1: An example N:1 mapping
Observation 2: Changing N E2E bearers to a single E2E bearer mapped with all the related QoS flows in SDAP configuration can have the same effect as supporting N:1 mapping for remote UE Uu bearers to PC5 RLC channels in most cases.
Regarding the support of future-proof features, multi-hop and complex topology has been agreed not to be supported in this release, and so any designs related to future-proof, e.g. adaptation layer control PDU for flow control, congestion control and so on, are optimization rather than essential features. Since time unit of release 17 is very limited and we have two architecture specification efforts, there is no time left for optimization. Any optimization can be considered in later releases.
Observation 3: Non-essential optimization features, such as flow control, congestion control, etc., which may need PC5 adaptation layer, need to be considered in later releases instead of in Rel-17.
Based on the above, we propose:
Proposal 1： RAN2 to agree that adaptation layer is not supported in PC5.
2.2. Local remote UE ID assignment
In the RAN2#113bis-e meeting, a local remote UE ID was agreed due to security and overhead consideration. However, it was FFS whether the local remote UE ID is assigned by relay UE or the serving gNB of the relay UE. We hereby provide further analysis and comparison between these two solutions.
· Local remote UE ID assigned by the relay UE
If a relay UE is responsible to assign local remote UE ID, both CP and UP procedures are feasible. CP procedure for local remote UE ID assignment means that relay UE uses a UL RRC message to inform its serving gNB about the local UE ID assignment and its release. Only after CP procedure is successfully completed, can the relay UE and the gNB start/stop using this local UE ID in the adaptation layer header. The key advantage of CP procedure is confirmation and synchronization guarantee between the relay UE and the gNB, but its key disadvantage is delay issue. 
In our understanding, it is not a mature solution, nor following the legacy logic, that a relay UE uses CP procedure to assign and manage local remote UE ID. Since in L2 relaying the default controller is gNB for both the relay UE related configuration and remote UE related configurations, assignment by gNB via CP procedure is more reasonable and preferable than that by a relay UE. 
There is the possibility and may also be some benefits to use UP procedure for local remote UE ID assignment by the relay UE. UP procedure for local remote UE ID assignment means that a relay UE informs its serving gNB about the local UE ID assignment and its release for a remote UE via user data transmission procedure. The UP procedure has better delay performance but worse reliability than CP procedure.
The following steps in Figure 2 are examples of UP procedure for local remote UE ID assignment by relay UE:


Figure 2: UP procedure for local remote UE ID assignment by relay UE
Step 1: After a relay UE and a remote UE completes PC5 connection establishment for relaying purpose, the relay UE receives an E2E SRB0 message from the remote UE via a default/pre-defined PC5 RLC channel, e.g. RRC Setup Request message.
Step 2: The relay UE assigns a local ID for this remote UE, e.g. the first remote UE uses ID 0, the second remote UE uses ID 1 and so on, and sends the SRB0 message to its serving gNB via a default/pre-defined Uu RLC channel. The relay UE sets adaptation layer header of this SRB0 message with the assigned local ID and RB ID 0.
Step 3: The gNB receives SRB0 message of the remote UE, derives the local ID from the adaptation layer header and stores the mapping relationship between remote UE Identity (e.g. S-TMSI) and the local remote UE ID. Then the gNB sends an RRC Setup Message by using adaptation header with the local remote UE ID and E2E RB ID 0 via relay UE;
Step 4: The relay UE differentiates remote UEs via the local remote UE ID and forwards DL E2E SRB0 message to the right remote UE.
In the above UP procedure, there is no configuration delay for the local remote UE ID assignment. The delay performance is better than CP procedure for local remote UE ID assignment. However, in this solution, it may be needed to further consider the asynchronization issue between relay UE and the gNB about a remote UE state/local ID using.
Observation 4: UP procedure of local remote UE ID assignment by relay UE is feasible and has better delay performance than the CP-based procedure.
· Local remote UE ID assigned by the serving gNB of the relay UE
If 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. CP procedure for local remote UE ID assignment means that the gNB uses a DL RRC message to configure the relay UE with the local UE ID assignment and its release. Before this configuration by the gNB, the relay UE may need to report the requirement of local remote UE ID assignment and L2 relaying configurations for a new remote UE arrival, e.g. reusing Sidelink UE Information, or implicitly inform the arrival of new remote UE to gNB by the first SRB0 message triggered. 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 steps in Figure 3 are examples of CP procedure for local remote UE assigned by the serving gNB of the relay UE:


Figure 3: CP procedure for local remote UE ID assignment by the serving gNB
The difference between the above two solutions mainly focuses on how to trigger gNB to configure a local ID for a new remote UE. As per our analysis, solution 1 in Figure 3 (triggered by explicit reporting by relay UE) has better delay performance and clearer mapping relationship between local remote UE ID and the remote UE L2 ID than solution 2 in Figure 3 (triggered by the first E2E SRB0 message of remote UE implicitly). Hence, we focus on detailed steps description of solution 1.
Step 1: After the relay UE and the remote UE complete PC5 RRC connection establishment for relaying, the 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 the remote UE L2 ID to the relay UE and the relay UE feeds back complete message.
Step 3: The relay UE uses adaptation header with the 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 adaptation header with the local remote UE ID and E2E RB ID 0 to carry DL E2E SRB0 message of remote UE via the relay UE. The relay UE identifies the right remote UE by the local remote UE ID.
In the above CP procedure, use of local UE ID can only happen after successful configuration procedure, which completely follows legacy CP rule and has enough configuration reliability.
Observation 5: CP procedure of local remote UE ID assignment by the serving gNB of relay UE has enough configuration reliability guarantee.
Also, the explicit reporting for the remote’s UE arrival as in solution 1 can avoid introducing new specified SL-SRBs, which however seems unavoidable for above solution 2, because of the E2E UL SRB0 to be conveyed to the gNB (e.g. RRC Setup Request) before the relaying related configurations are received by the remote UE or relay UE. This is also a merit for solution 1, as it is undesirable to introduce more and more specified SL-SRB with new feature introduced, especially considering that there have already been many of them in the existing Spec.   
Observation 6: Explicit UL reporting from the relay UE for the arrival of a new Remote UE is a preferable trigger for local remote UE ID assignment, to avoid even more specified SL-SRB configurations to be introduced.
Based on above observations, here we further give some more detailed comparisons between these candidate solutions in Table 1 below: 
Table 1: Comparison of remote UE local ID assignment solutions
	
	UP assignment by relay UE
	CP assignment by serving gNB of the relay UE

	The node who assigns local ID
	The relay UE
	The serving gNB of the relay UE

	Assignment trigger
	The first SRB0 message of a new remote UE arrive in the relay UE
	Explicit UL reporting by relay UE

	Release trigger
	Implicit release, e.g. when the same local ID is used for a new remote UE
	Explicit RRC release procedure, e.g. RRC reconfiguration when the previous remote UE completes RRC Release procedure;

	Configuration information
	Implicit mapping relationship, e.g. bind the S-TMSI in RRC message and the assigned local UE ID field of adaptation header
	Explicit RRC configuration, e.g. the assigned local UE ID and remote L2 ID 

	Time point of first SRB0 transmission
	After receiving the first SRB0 message of a new remote UE, immediately sends it out with assigned local UE ID
	Two potential ways:
1\ Sequential
Receiving the first SRB0 message of a new remote UE, 
then relay UE reports it to its gNB, gNB and UE performs reconfiguration procedure for local UE ID assignment. 
After those, the first SRB0 message is sent out with assigned local UE ID.
2\ Parallel
Reconfiguration of local UE ID assignment may occur in the period of PC5 RRC connection establishment.
The first SRB0 message is sent out with assigned local UE ID upon receiving it by relay UE.


From the above analysis, although the solution of UP assignment by relay UE may have a little benefit in terms of delay and signaling overhead, this solution is not preferable due to its unreliability, in case, e.g. the first Uu SRB0 message carrying the assigned local remote UE ID is missing or relay UE and gNB are asynchronized with each other about the local remote UE ID assignment.
By contrast, the solution of CP assignment by serving gNB of relay UE could have higher reliability, and the potential delay due to reporting-response exchange can be overcome relying on parallel procedures, e.g. before the first SRB0 message of remote UE arrives, the relay UE reports requirement for local remote UE ID assignment for the remote UE.
Hence, we propose:
Proposal 2： Explicit RRC signalling procedure is used to assign the local remote UE ID to the relay UE by the serving gNB of the relay UE.
Proposal 3： The assignment of local remote UE ID is triggered by explicit relay UE reporting, e.g. SL UE Information.
Proposal 4： The relay UE may require the assignment of local remote UE ID before the first E2E SRB0 message from this remote UE arrives (e.g. upon the establishment of the PC5 RRC connection with the remote UE).
Proposal 5： The E2E SRB0 message in Uu RLC channel may use the adaptation layer header, enabling the aggregation among multiple remote UEs as other E2E SRBs/DRBs.
2.3. Adaptation layer header
The main function of adaptation layer is to support bearer aggregation from different remote UEs in the Uu interface of the relay UE. In order to differentiate E2E bearers of different remote UE, the remote UE ID and/or bearer ID may be needed in the header of the adaptation layer PDU. Although in some special cases, one of the remote UE ID and bearer ID can be omitted, e.g. bearers from only one remote UE mapped into a Uu RLC bearer or only one bearer from each remote UEs mapped into a Uu RLC bearer, a unified format design of adaptation layer header is preferable, since the unified format will cover all of the cases and avoid reconfiguration troubles, e.g. flushing L2 buffer, extra status report & retransmission overhead or packet lossless due to different header formats of adaptation layer in different cases and/or different gNB algorithms.
Proposal 6： A unified header format for adaptation layer is supported, i.e. always including both a local remote UE ID field and a bearer ID field in every adaptation layer PDU.
In RAN2#113bis-e meeting, E2E bearer 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, e.g. 8 for 3-bit.
Proposal 7： RAN2 to decide the detailed field lengths in the adaptation layer header, e.g. 5-bit RB ID and 3-bit local remote UE ID.
The next question is whether the presence of adaptation layer header can be configurable, e.g. presence or absence, for different cases. Similar as SDAP header presence or absence by configuration, the header of adaptation layer can also depend on the current scenarios, e.g. header presence for bearer aggregation cases and header absence for the case of 1-to-1 mapping between End-to-End remote UE bearer and relay UE Uu RLC bearer. It is left to gNB implementation how to configure the presence of adaptation layer header.
Proposal 8： The presence of adaptation layer header can be configurable, e.g. no header in the case of 1-to-1 mapping between remote UE E2E bearer and relay UE Uu RLC bearer. It is up to gNB implementation whether to configure it or not.
If the adaptation layer is reconfigured, e.g. from header presence to absence or in the other way around, synchronization reconfiguration procedure is needed at the UE side, i.e. clearing L2 buffer including MAC buffer, RLC buffer and adaptation layer buffer, so as to avoid misalignment between the NW and the relay UE on the header formats for the adaptation layer PDUs to be transmitted via this relay UE Uu RLC bearer. 
Proposal 9： The presence of adaptation layer header can be reconfigured to/from the absence, along with a synchronization reconfiguration procedure at the relay UE, i.e. clearing L2 buffer of the related relay UE Uu RLC bearer, to avoid confusion of the gNB on the header format actually used by each adaptation layer PDU in subsequent transmissions.
2.4. Configuration for adaptation layer
Adaptation layer needs to be configured by gNB. Similar to SDAP sublayer, adaptation layer is shared among multiple RLC bearers. For relay UE’s own radio bearers (non-relaying-related RBs), there is no need to have adaptation entity. Other RLC bearers carrying remote UE’s E2E radio bearers can have a common adaptation entity for bearer mapping operations, not further distinguishing for which remote UE the entity is configured. The following Figure 4 illustrates one possible structure for the adaptation sublayer.


Figure 4: Possible structure for the adaptation sublayer
Hence, we have the following proposal:
Proposal 10： There may be at most one adaptation layer entity configured within a relay UE, shared by all the remote UEs it is connected with.
Although the adaptation entity is per relay UE level, the configuration of adaptation entity (i.e. those RRC parameters for adaptation layer configurations) can be given in a per RLC bearer manner. For example, in the field of adaptation-config, there may be the following information to be configured for each RLC bearer:
· The presence indicator of adaptation header for the UL of RLC bearer;
· The presence indicator of adaptation header for the DL of RLC bearer;
· Default indicator for the RLC bearer;
· Remote UE’s radio bearer list that mapped into the RLC bearer;
Hence,
Proposal 11： The adaptation layer configuration (i.e. RRC configuration parameters) can be signalled at a per RLC bearer level.
3. Conclusion
In this contribution, we give further analysis and solutions on adaptation layer.  Based on the discussion, we have the following observations and proposals:
Observation 1: Extension of maximum number of LCIDs for SL-SCH in SL relay architecture is feasible to support 1:1 mapping between the remote UE’s Uu radio bears and PC5 RLC channels.
Observation 2: Changing N E2E bearers to a single E2E bearer mapped with all the related QoS flows in SDAP configuration can have the same effect as supporting N:1 mapping for remote UE Uu bearers to PC5 RLC channels in most cases.
Observation 3: Non-essential optimization features, such as flow control, congestion control, etc., which may need PC5 adaptation layer, need to be considered in later releases instead of in Rel-17.
Observation 4: UP procedure of local remote UE ID assignment by relay UE is feasible and has better delay performance than the CP-based procedure.
Observation 5: CP procedure of local remote UE ID assignment by the serving gNB of relay UE has enough configuration reliability guarantee.
Observation 6: [bookmark: _GoBack]Explicit UL reporting from the relay UE for the arrival of a new Remote UE is a preferable trigger for local remote UE ID assignment, to avoid even more specified SL-SRB configurations to be introduced.

Hence, we propose:
Proposal 1： RAN2 to agree that adaptation layer is not supported in PC5.
Proposal 2： Explicit RRC signalling procedure is used to assign the local remote UE ID to the relay UE by the serving gNB of the relay UE.
Proposal 3： The assignment of local remote UE ID is triggered by explicit relay UE reporting, e.g. SL UE Information.
Proposal 4： The relay UE may require the assignment of local remote UE ID before the first E2E SRB0 message from this remote UE arrives (e.g. upon the establishment of the PC5 RRC connection with the remote UE).
Proposal 5： The E2E SRB0 message in Uu RLC channel may use the adaptation layer header, enabling the aggregation among multiple remote UEs as other E2E SRBs/DRBs.
Proposal 6： A unified header format for adaptation layer is supported, i.e. always including both a local remote UE ID field and a bearer ID field in every adaptation layer PDU.
Proposal 7： RAN2 to decide the detailed field lengths in the adaptation layer header, e.g. 5-bit RB ID and 3-bit local remote UE ID.
Proposal 8： The presence of adaptation layer header can be configurable, e.g. no header in the case of 1-to-1 mapping between remote UE E2E bearer and relay UE Uu RLC bearer. It is up to gNB implementation whether to configure it or not.
Proposal 9： The presence of adaptation layer header can be reconfigured to/from the absence, along with a synchronization reconfiguration procedure at the relay UE, i.e. clearing L2 buffer of the related relay UE Uu RLC bearer, to avoid confusion of the gNB on the header format actually used by each adaptation layer PDU in subsequent transmissions.
Proposal 10： There may be at most one adaptation layer entity configured within a relay UE, shared by all the remote UEs it is connected with.
Proposal 11： The adaptation layer configuration (i.e. RRC configuration parameters) can be signalled at a per RLC bearer level.
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