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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
In the last RAN2#113bis-e meeting, there were some discussion on both service continuity and adaptation layer. There were some agreements as follows:
Proposal 1: For L2/L3 relay common parts of relay (re)selection, RAN2 confirm that there is no support of service continuity from AS layer perspective
Proposal 2: gNB controlled relay (re)selection” or “gNB controlled path switch” belong to L2 relay service continuity agenda item, and they are not treated in relay (re)selection discussion by RAN#92
And 
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 service continuity and adaptation layer for L2 SL relay from the following aspects:
· How to achieve service continuity for a L2 remote UE;
· Whether adaptation layer is needed or not in PC5 link between remote UE and relay UE;
· Who allocate and maintain local remote UE ID, e.g. relay UE or gNB;
· The details related to adaptation layer;
2. Service Continuity
This section discusses service continuity between Uu and relay paths for a L2 remote UE, limited to intra-gNB case. Considering that a remote UE may switch between Uu and relay paths under the same gNB, there may be two alternatives:
· UE performs (re)selection via (pre-)configured criteria, e.g. autonomously switching between relay path and Uu path. According to a unique UE identification, gNB provides service continuity for the remote UE. However, it is not legacy UE behavior for an RRC Connected UE to perform switching by itself.
· gNB controlled HO procedure. When a remote UE connected to the serving gNB of a relay UE via the relay link, the remote UE can also be considered as RRC Connected UE since the gNB has dedicated RRC connection and control with UE. From our point of view, it should naturally be up to the gNB to control a HO procedure for the remote UE when it needs to switch between Uu path and relay path.
Hence, we propose:
Proposal 1： gNB controlled HO procedure is used for a remote UE switching between Uu and relay paths in the intra-gNB cases
Different from legacy intra-gNB handover case, a remote UE switching between Uu and relay paths will consider a 2-hop relaying link which requires some necessary enhancement in the aspects such as measurement and configuration. 
Firstly, when evaluating the relay link quality, both PC5 link quality between remote UE and relay UE and Uu link quality of relay UE can be measured and reported to the serving gNB. Some PC5 RSRP measurement and reporting mechanisms should also be specified. When the source path of a remote UE is relay path, remote UE’s Uu RSRP measurement report and relay UE’s both Uu and PC5 RSRP measurement report are useful for the gNB to decide the handover triggering, e.g. relay path link quality below a certain threshold and/or direct Uu link quality above a certain threshold. Or, alternatively, detailed measurement results need not to be reported to gNB and a request from remote UE is sent when some defined measurement criteria is satisfied. When target path of a remote UE is relay path, remote UE’s Uu RSRP measurement report and potential relay UE’s both Uu and PC5 RSRP measurement report may be useful for the gNB to decide the handover triggering from a Uu link to a relay link.
Secondly, after handover decision, a reconfiguration message will be sent to the remote UE carrying the whole configuration of the new path. This reconfiguration message signaling has some differences from legacy handover signaling, e.g. if target node may be a relay UE, configurations of PDCP and the above layers are end-to-end and configurations of RLC and the lower layers may be between relay UE and remote UE. 
Proposal 2： Legacy intra-gNB handover procedure, e.g. measurement report and RRC reconfiguration with target node, may be reused in Uu and relay paths switching cases.
Proposal 3： RAN2 to discuss and decide whether detailed measurement reporting mechanisms related to relay link or a request from remote UE after meeting defined criteria need to be specified.
In the switching cases between Uu and relay paths under the same gNB, the two endpoints of PDCP anchors are unchanged, i.e. always located in remote UE and gNB. Hence the PDCP behaviours can be same as ones of a legacy UE in intra-gNB handover. PDCP SN variables for an RLC AM RB can be kept continuously and PDCP status report and retransmission may be performed, which can guarantee the service continuity of RLC AM RB. PDCP SN variables for an RLC UM RB will be reset and initialized since lossless is not needed for these RBs.
Proposal 4： The PDCP behaviours of a remote UE in Uu and relay paths switching cases can be same as ones of a legacy UE in intra-gNB handover, which can guarantee the service continuity for L2 remote UE.
Regarding to the RLC and the lower layers entities, the peers are changed after switching, e.g. peer RLC entities located between gNB and remote UE before switching and located between relay UE and remote UE after switching. Hence the RLC and lower layers entities will be released/added, i.e. initialized with the new configurations, which is similar to legacy UE behaviours in intra-gNB handover.
Proposal 5： The RLC and lower layers behaviours of a remote UE in Uu and relay paths switching cases can be similar with ones of a legacy UE in intra-gNB handover, e.g. release/add and start with new configurations.
3. Adaptation Layer
3.1. Adaptation layer over PC5
In the last meeting, discussions only achieve consensus that adaptation layer should be supported over Uu link between relay and gNB for bearer aggregation purpose, as in SI. But for supporting adaptation layer over PC5 link between remote UE and relay UE, there were 3 types of views as shown in the rapporteur’s summary [3]:
· Proponent: to limit PC5 adaptation layer to be with similar PDU format (e.g., header content, control PDU) and functionalities as 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’s capability.
· Opponent: to specify PC5 adaptation layer with 1:1 mapping function between remote UE Uu radio bearer and PC5 RLC bearer, and without adaptation layer header.
In our understanding, the main reasons from proponents may focus on two key points: 
1) Support N:1 mapping for remote UE Uu bearer to PC5 RLC channel; 
2) Support potential or forward compatible features, e.g. adaptation control PDU such as flow control, multi-hop or more complex topology and so on. 
Regarding to the N:1 mapping for remote UE Uu bearer to PC5 RLC channel, although the maximum numbers of logical channels in Uu link and PC5 link is different, i.e. 19 LCIDs in PC5 and 32 LCID in Uu which include SRBs, N:1 mapping can be evitable. 16 DRBs in SL is just because of no more service requirements in SL. If needed, the maximum numbers between remote UE and relay UE can be extended to 32, where there are no technical barriers and just to release and use reserved values of LCID for SL-SCH. 
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,
Observation 1: Extension of maximum number of LCIDs for SL-SCH in relay architecture is feasible.
Furthermore, N:1 mapping for remote UE Uu bearer to PC5 RLC channel will have the same effect as QoS flows aggregation from N E2E bearers to 1 E2E bearer, especially in the case that all these E2E bearers from different remote UEs are 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 bearer to a PC5 RLC channel equals to just map the QoS flows of these N E2E bearers into one E2E bearer since there is a higher probability in Uu link these E2E bearers are mapped into one Uu RLC channel of Relay UE for multiple remote UE aggregation. Hence in the stage of SDAP configuration, mapping these QoS flows into one single E2E bearer is more reasonable and simpler.


Figure 1: An example N:1 mapping
Observation 2: Changing N E2E bearers to a single E2E bearer in SDAP QoS flow to bearer mapping configuration procedure can easily have the similar effect with supporting N:1 mapping for remote UE Uu bearer to PC5 RLC channel in most cases.
Regarding to the future features, multi-hop and complex topology had been agreed not to support in this release. And adaptation layer control PDU, such as flow control, congestion control and so on, are optimization rather than basic features. Since time unit of release 17 is very limited and we have two architectures specification efforts, there is no time for optimization. Any optimization can be considered in the later releases.
Observation 3: Optimization features, such as flow control, congestion control, etc., need to be considered in later releases.
Based on the above, we propose that:
Proposal 6： RAN2 to agree that adaptation layer is not supported in PC5.
3.2. Local remote UE ID
In the last RAN2 meeting, a local remote UE ID had been 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 consider further analysis and comparison between these two solutions.
· Local remote UE ID assigned by relay UE
If 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 an UL RRC message to inform its serving gNB about the local UE ID assignment and release. Only after CP procedure is successfully completed, relay UE and the gNB can start/stop using this local UE ID in the adaptation layer header. The key advantage of CP procedure is confirmation and synchronization guarantee and its key disadvantage is delay issue. 
In our understanding, it is not a mature and legacy solution that relay UE uses CP procedure to assign and manage local remote UE ID. Since the default controller is gNB, assignment by gNB via CP procedure is more reasonable and preferable than by a relay UE. There may be some possibility and benefits to use UP procedure for local remote UE ID assignment by relay UE.
UP procedure for local remote UE assignment means that relay UE informs its serving gNB about the local UE ID assignment and release via user data transmission procedure. UP procedure has better delay performance and 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 relay purpose, the relay UE receives a 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 and derive the local ID from the adaptation layer header and store the mapping relationship between remote UE Identification (e.g. S-TMSI) and the local ID. Then the gNB sends an RRC Setup Message by using adaptation header with the local UE ID and E2E RB ID 0 via relay UE;
Step 4: the relay UE differentiates remote UEs via the local UE ID and sends 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 ID assignment. However, it may need 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 ID assignment by relay UE is feasible and has better delay performance.
· Local remote UE ID assigned by the serving gNB of the relay UE
If the serving gNB of relay UE is responsible to assign local remote UE ID, CP procedure is a mature and legacy way. CP procedure for local remote UE ID assignment means that the gNB uses an DL RRC message to configure the relay UE about the local UE ID assignment and release. Before this configuration by the gNB, the relay UE may need to report the requirement of 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 triggering. Only after CP procedure is successfully completed, relay UE and the gNB can start/stop using this local 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 relay UE:


Figure 3: CP procedure for local remote UE assigned by the serving gNB
The differences between the above two solutions mainly focus on how to trigger gNB to configure a local ID for a new remote UE. From our analysis, solution 1 in Figure 3 (triggered by explicit reporting by relay UE) has better delay performance and clear mapping relationship between local UE ID and the remote 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 UE ID mapped to the remote UE L2 ID to the relay UE and the relay UE feeds back complete message.
Step 3: relay UE uses adaptation header with the local UE ID and E2E RB ID 0 to carry UL E2E SRB0 message of remote UE to the gNB.
Step 4: gNB also uses adaptation header with the local UE ID and E2E RB ID 0 to carry DL E2E SRB0 message of remote UE via the relay UE. The relay UE decides the right remote UE by the local UE ID.
In the above CP procedure, using local UE ID must be after successful configuration procedure, which completely follows legacy CP rule and has enough configuration reliability.
Observation 5: CP procedure of local remote ID assigned by the serving gNB of relay UE has enough configuration reliability.
Observation 6: Explicit UL reporting from relay UE may be the best trigger for local UE ID assignment.
Here, we give comparisons between these potential 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 relay UE

	The node who assigns local ID
	The relay UE
	The serving gNB of 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\ Serial
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 better delay performance and signaling overhead reduction, this solution is not preferable due to its unreliability, e.g. when the first Uu SRB0 message carrying assigned local UE ID is missed or relay UE and gNB is asynchronized by each other about local UE ID assignment.
The solution of CP assignment by serving gNB of relay UE may have higher reliability and the delay issue can rely on parallel procedures, e.g. before the first SRB0 message of remote UE arrives, the relay UE reports requirement for local ID assignment for the remote UE.
Hence, we propose:
Proposal 7： Explicit RRC procedure is used to assign local remote UE ID to relay UE by the serving gNB of relay UE.
Proposal 8： The assignment of local remote UE ID is triggered by relay UE explicit reporting, e.g. SL UE Information.
Proposal 9： The relay UE may require the assignment of local remote UE ID before the first E2E SRB0 message of this remote UE arrives.
Proposal 10： The E2E SRB0 message in Uu RLC channel may use the adaptation header for aggregation multiple remote UE as other E2E SRB/DRBs.
3.3. Adaptation Layer Header
The main function of adaptation layer is to support bearer aggregation from different remote UEs in the Uu interface of relay UE. In order to differentiate different remote UE E2E bearers, the remote UE ID and/or bearer ID may be needed in the header of adaptation layer. 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 more preferable since unified format will cover all of cases and avoid reconfiguration trouble, e.g. clearance of 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 11： A unified header format for adaptation layer is supported, i.e. always including both local remote UE ID field and bearer ID field.
In last RAN2#113bis-e meeting, E2E bearer ID is agreed to be included in the adaptation header, i.e. 5-bit length. The local remote UE ID represents the number/capability of remote UEs which a relay UE can provide 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 12： RAN2 to decide the detailed field lengths in the adaptation header, e.g. 5-bit RB ID and 3-bit local 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 13： 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.
If the adaptation layer is re-configured, e.g. from header presence to absence or the opposite, synchronization reconfiguration procedure is needed, i.e. clearing L2 buffer including MAC buffer, RLC buffer and adaptation layer buffer to avoid misalignment for adaptation layer header formats for this relay UE Uu RLC bearer. 
Proposal 14： The presence of adaptation layer header can be reconfigured to/from the absence along with synchronization reconfiguration procedure, i.e. clearing L2 buffer of the relay UE Uu RLC bearer.
3.4. 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 radio bearers, 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. The following Figure 4 illustrates one possible structure for the adaptation sublayer.


Figure 4: Possible structure for the adaptation sublayer
Hence,
Proposal 15： There may be at most one adaptation layer entity configured for a relay UE.
Although the adaptation entity is per relay UE level, the configuration of adaptation entity can be given per RLC bearer level. 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 16： The adaptation layer configuration may be per each RLC bearer level.
4. Conclusion
In this contribution, we give further analysis and solutions on service continuity and 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 relay architecture is feasible.
Observation 2: Changing N E2E bearers to a single E2E bearer in SDAP QoS flow to bearer mapping configuration procedure can easily have the similar effect with supporting N:1 mapping for remote UE Uu bearer to PC5 RLC channel in most cases.
Observation 3: Optimization features, such as flow control, congestion control, etc., need to be considered in later releases.
Observation 4: UP procedure of local remote ID assignment by relay UE is feasible and has better delay performance.
Observation 5: CP procedure of local remote ID assigned by the serving gNB of relay UE has enough configuration reliability.
Observation 6: Explicit UL reporting from relay UE may be the best trigger for local UE ID assignment.
Hence, we propose:
Proposal 1： gNB controlled HO procedure is used for a remote UE switching between Uu and relay paths in the intra-gNB cases
Proposal 2： Legacy intra-gNB handover procedure, e.g. measurement report and RRC reconfiguration with target node, may be reused in Uu and relay paths switching cases.
Proposal 3： RAN2 to discuss and decide whether detailed measurement reporting mechanisms related to relay link or a request from remote UE after meeting defined criteria need to be specified.
Proposal 4： The PDCP behaviours of a remote UE in Uu and relay paths switching cases can be same as ones of a legacy UE in intra-gNB handover, which can guarantee the service continuity for L2 remote UE.
Proposal 5： The RLC and lower layers behaviours of a remote UE in Uu and relay paths switching cases can be similar with ones of a legacy UE in intra-gNB handover, e.g. release/add and start with new configurations.
Proposal 6： RAN2 to agree that adaptation layer is not supported in PC5.
Proposal 7： Explicit RRC procedure is used to assign local remote UE ID to relay UE by the serving gNB of relay UE.
Proposal 8： The assignment of local remote UE ID is triggered by relay UE explicit reporting, e.g. SL UE Information.
Proposal 9： The relay UE may require the assignment of local remote UE ID before the first E2E SRB0 message of this remote UE arrives.
Proposal 10： The E2E SRB0 message in Uu RLC channel may use the adaptation header for aggregation multiple remote UE as other E2E SRB/DRBs.
Proposal 11： A unified header format for adaptation layer is supported, i.e. always including both local remote UE ID field and bearer ID field.
Proposal 12： RAN2 to decide the detailed field lengths in the adaptation header, e.g. 5-bit RB ID and 3-bit local UE ID.
Proposal 13： 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.
Proposal 14： The presence of adaptation layer header can be reconfigured to/from the absence along with synchronization reconfiguration procedure, i.e. clearing L2 buffer of the relay UE Uu RLC bearer.
Proposal 15： There may be at most one adaptation layer entity configured for a relay UE.
Proposal 16： The adaptation layer configuration may be per each RLC bearer level.
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