
3GPP TSG-RAN WG2 Meeting #122	R2-2305246
Incheon, KR, 22nd – 26th May 2023

Agenda Item:	7.9.2
Source: 	vivo
Title:         	Discussion on the L2 specific parts for U2U relaying 
Document for: 	Discussion and Decision 
1. [bookmark: OLE_LINK14][bookmark: OLE_LINK13][bookmark: _GoBack]Introduction
[bookmark: _Hlk53665621]In the last RAN2#121bis-e meeting, the L2 specific parts for U2U relaying were discussed and the following agreements reached [1].
Agreements:
Multiplexing of different destinations in the same RLC channel of the first hop is supported.
RAN2 confirms that multiplexing of the different bearers from the different source remote UEs into the same RLC channel in the second hop is supported.
Relay UE determines the egress RLC Channel based on the mapping of E2E bearer ID and egress RLC Channel for a particular pair between source remote UE and target remote UE.
A one-to-one correspondence between end-to-end PC5 RRC connection and end-to-end PC5 unicast link is supported as legacy.
E2E PC5-RRC connection is considered to be established after a corresponding E2E PC5 unicast link is established.  FFS how configurations for e2e SL-SRBs are supported.
Agreements:
WA: E2E bearer ID (i.e., configuration index in the list of SLRB configurations) is used as input for the L2 U2U relay ciphering and deciphering at PDCP.
LS to SA3 to confirm the feasibility of using the configuration index.

In this contribution, we further discuss the potential issues for adaptation layer design, control plane procedures, and QoS handling as follows:
· [bookmark: _Hlk127437385]Adaptation layer design
· [bookmark: _Hlk134114807]E2E bearer ID design in the adaptation layer header
· Remote UE ID design in the adaptation layer header
· UE ID allocation mechanism if needed
· Control plane procedures
· FFS how configurations for E2E SL-SRBs
· Which node and how to configure E2E SL-DRBs
· How to detect E2E PC5 link RLF 
· Whether to support path switch for service continuity
· QoS handling
· Which node and how to perform end-to-end QoS split
2. Discussion
2.1. Adaptation layer design
2.1.1. E2E bearer ID design in the adaptation layer header 
At RAN2#121 meeting, it was agreed that “RAN2 confirms Remote UE E2E Radio Bearer ID should be included in the adaptation layer in first and second PC5 hop”. And then at the last RAN2#121bis-e meeting, RAN2 made a work assumption that “WA: E2E bearer ID (i.e., configuration index in the list of SLRB configurations) is used as input for the L2 U2U relay ciphering and deciphering at PDCP.” Based on the two agreements, it is proposed to confirm the following proposal for the BEARER ID in the adaptation layer header format. which is applicable for the SL-DRBs.
Proposal 1 For E2E SL-DRBs, RAN2 to confirm that the BEARER ID in the adaptation layer header format is set to the configuration index in the list of SLRB configurations (i.e., indicated by SLRB-PC5-ConfigIndex in TS 38.331).
For SL-SRBs, there is no configuration index. In legacy sidelink, all of the configurations for SL-SRB are specified. If follow the same signaling design principle, we can also fix a configuration index value for each SL-SRB type. For example, configuration index 0/1/2/3 are specified for SL-SRB 0/1/2/3 correspondingly.
Proposal 2 For E2E SL-SRBs, RAN2 to confirm that the BEARER ID in the adaptation layer header format is set to a fixed value for each SL-SRB type, e.g., 0/1/2/3 are specified for SL-SRB 0/1/2/3 respectively.
In L2 U2N relay, the BEARER ID shared by both SRB and DRB, separate Uu RLC channel is used to differentiate SRB and DRB of remote UE. For the BEARER ID shared by both E2E SL-SRB and E2E SL-DRB (e.g., configuration index 1,2,3 can be used either by E2E SL-SRB or E2E SL-DRB), similar solution can be reused as U2N relay.
Proposal 3 Similar to U2N relay, for the BEARER ID shared by both E2E SL-SRB and E2E SL-DRB, separate PC5 RLC channel is used to differentiate SL-SRB and SL-DRB of remote UE.
2.1.2. Remote UE ID design in the SRAP header
Regarding how to include the Remote UE ID in the SRAP header, it remains open according to  [AT121bis-e][431] summary report as below [2]:
SRAP Header
[Easy][23:0]Proposal 5a: Option 1 (Target remote UE ID (layer-2 ID) in first hop and source remote UE ID (layer-2 ID) in second hop) is excluded.
[ToDis] Proposal 5b: In Rel-18 with a single relay, ID(s) in option 4/5 should be same in each hop to avoid replacing ID in the SRAP header when relay UE transfers the received packet.
[ToDis] Proposal 5c: RAN2 to discuss which ID (24-bit layer-2 ID or short ID) can be used in SRAP header. 
-	If 24-bit layer-2 ID is used in the SRAP header, Option 3 (both source remote UE 24-bit layer-2 ID and target remote UE 24-bit layer-2 ID included in each hop) can be agreed.
[ToDis] Proposal 5d: If short ID is agreed, RAN2 to discuss which option can be agreed.  
-	Option 2: Target remote UE ID (local ID) in first hop and source remote UE ID (local ID) in second hop. (8)
-	Option 4: Both source remote UE ID (local ID) and target remote UE ID (local ID) included in each hop. (11)
-	Option 5: A local pair ID for a pair between source UD and target remote UE included in each hop. (9)
[Easy] [15:1] Proposal 5e: If short ID (one of Option 2, Option4 and Option 5) is agreed, relay UE is responsible for ID assignment. 

We can firstly confirm to agree the above Proposal 5a in the email summary.
Proposal 4 Option 1 (Target remote UE ID (layer-2 ID) in first hop and source remote UE ID (layer-2 ID) in second hop) is excluded.
The pros and cons raised by company contributions are given in the below Table 1 among the remaining candidate options as following.
· Option 2: Target remote UE ID (local ID) in first hop and source remote UE ID (local ID) in second hop.
· Option 3 (both source remote UE 24-bit layer-2 ID and target remote UE 24-bit layer-2 ID included in each hop)
· Option 4: Both source remote UE ID (local ID) and target remote UE ID (local ID)
· Option 5: A local pair ID for a pair between source UD and target remote UE included in each hop.
Table 1. Pros and Cons of candidate options for Remote UE ID design
	Options to include Remote UE ID in adaptation layer header
	Pros
	Cons

	Option 2/5: one local UE ID over first and second hop
	· reuse Rel-17 U2N format
· minimum signalling overhead
	· only applicable to single hop U2U scenario 
· relay UE complexity to do the mapping (even for pair id, relay UE has to do additional work, in order to identify the destination UE in MAC header at second hop)
· more specification efforts on how to perform ID allocation in AS layer
· medium local ID collision probability in single-hop scenario

	Option 3: two L2 IDs over first and second hop
	· future proof compatible, apply to both single hop and multi-hop scenario
· avoid relay UE complexity to do the mapping
· avoid specification work on how to perform ID allocation in AS layer (i.e., rely on L2 ID from upper layers)
· low ID collision probability with 24-bit length
	· maximum signaling overhead


	Option 4: two local UE IDs over first and second hop
	· future proof compatible, apply to both single hop and multi-hop scenario
· avoid relay UE complexity to do the mapping

	· medium signaling overhead
· more specification efforts on how to perform ID allocation in AS layer
· large local ID collision probability with 8-bit length in multi-hop scenario


Observation 1 The following factors need to be evaluated before down-selecting candidate options on how to include Remote UE ID in the adaptation layer header:
· future release compatibility
· signaling overhead
· relay UE complexity to do the mapping
· specification work on how to perform ID allocation in AS layer
· ID collision probability
According to the comparison of the above candidate options, it is noted that the signaling overhead of Option 3 is the only shortage compared with the other candidate options. Moreover, as discussed in Section 2.1.1, if the BEARER ID is agreed to be SLRB-PC5-ConfigIndex in TS 38.331 (which is 9-bit length), anyway the Rel-17 U2N format with 5-bit length BEARER ID cannot be reused. 
Observation 2 The signaling overhead of Option 3 is the only shortage compared with the other candidate options.
Observation 3 The Rel-17 U2N format cannot be reused by Option 2/5 assuming the BEARER ID is agreed to be the 9-bit SLRB-PC5-ConfigIndex in TS 38.331.
Therefore, we have the following proposal as a way forward. 
Proposal 5 If signalling overhead is the most import metric in Rel-18 single-hop scenario, further discuss Option 2/5 (i.e., one local UE ID over first and second hop) in the adaptation layer header. Otherwise, adopt Option 3 (i.e., two L2 IDs over first and second hop).
2.1.3. UE ID allocation mechanism
If local UE ID is reused, RAN2 can further discuss which node and how to perform UE ID allocation. Unlike the R17 L2 U2N relay which is under control of serving gNB, it is more reasonable to allow the relay UE to allocate the local UE ID for the remote UE as the remote UE may not always have Uu RRC connection. From the signaling procedure perspective, we think the relay UE allocating the local UE ID via PC5 RRC signalling or PC5-S signaling can both be further studied. 
Proposal 6 If local UE ID is agreed in the PC5 adaption layer header, the Relay UE is responsible to allocate the local UE ID for the remote UE. FFS detailed signalling procedure.
Regarding whether the local UE ID to be included over the first and second hop are different or same, we prefer the former for more flexible design. For example, the Relay UE can allocate a local UE ID based on the number of Target Remote UE(s) and allocates a local UE ID based on the number of Source Remote UE(s).
Proposal 7 If local UE ID is agreed in the PC5 adaption layer header, the local UE ID to be included over the first and second hop can be different, i.e.:
· The Relay UE allocates a local UE ID based on the numbering of Target Remote UE(s) and include it over the first hop
· The Relay UE allocates a local UE ID based on the numbering of Source Remote UE(s) and include it over the second hop
2.2. Control plane procedures
2.2.1. Configuration for E2E SL-SRBs 
In legacy sidelink, specified SCCH configuration is used for SL-SRBs. Specified configuration is also preferred for the E2E SL-SRB. In such way, signaling and speciation complexity to configure the E2E SL-SRBs can be avoided. Moreover, the E2E PC5 unicast link and corresponding E2E PC5-RRC connection can be established as soon as possible.
Proposal 8 Specified SL SRAP configuration on top of the legacy specified SCCH configuration is introduced per E2E SL-SRB0/1/2/3.
As to the PC5 Relay RLC Channel used for Remote UE's E2E SL-SRB message transmission and reception, it’s also suggested that we define specified or default PC5 RLC channel configuration used for transferring E2E SL-SRBs. Specified PC5 RLC channel configuration is the simplest. While default PC5 RLC channel configuration has more signaling flexibility because the PC5-RRC message can be utilized to (re)configurate the E2E-SRBs together with the E2E SL-DRBs when needed. Whether one common configuration or separate configuration for each SL-SRB type can be discussed later.

Proposal 9 Discuss whether specified or default PC5 RLC channel configuration(s) is introduced for E2E SL-SRBs. FFS one common configuration or separate configuration for each SL-SRB type.

2.2.2. Configuration for E2E SL-DRBs
For E2E SL-DRBs configuration, in Rel-17 U2N relay, it is serving gNB to manage end-to-end RB configuration, hop-by-hop RLC bearer configuration and their mapping relationship via Uu RRC since both remote UE and relay UE are in RRC-Connected mode.
However, as the U2U relay communication is among source remote UE, relay UE and target remote UE, it is also more or less similar to the Rel-16 sidelink communication, when source UE’s serving gNB is responsible for SL radio bearer configuration for each direction. 
Observation 4 [bookmark: _Ref110947421]According to Rel-16 NR sidelink, Source UE or Source UE’s serving gNB is responsible for SL data radio bearer configuration.
Observation 5 [bookmark: _Ref110947422]According to Rel-17 U2N relay, Remote UE’s serving gNB is responsible for SL data radio bearer and RLC channel configuration.
Therefore, in Rel-18, two options can be considered as follows:
· Option 1: Centralized control
· Option 1a: Source remote UE (or its serving gNB if RRC CONNECTED) decides E2E configurations (i.e., PC5-SDAP, PC5-PDCP) and HbH configurations (i.e., PC5-SRAP, PC5-MAC, PC5-PHY) of both hops
· Option 1b: L2 U2U Relay UE (or its serving gNB if RRC CONNECTED) decides E2E configurations (ie.PC5-SDAP, PC5-PDCP) and HbH configurations (i.e., PC5-SRAP, PC5-MAC, PC5-PHY) of both hops
· Option 2: Distributed control
· Source remote UE (or its serving gNB if RRC CONNECTED) decides E2E configurations and HbH configurations for hop-0, and L2 U2U Relay UE (or its serving gNB if RRC CONNECTED) decides HbH configurations for hop-1

The sketch figure for option-1 and option-2 is shown below:
[image: ]
Figure 1. Option 1-Centralized control signalling procedure (e.g., All by Source remote UE decision)
[image: ]
Figure 2. Option 2-Distributed control signalling procedure (e.g., TX UE decision on each hop)
Therefore, we think RAN2 can discuss which option should be taken as the baseline for U2U relay configuration procedure.
Proposal 10 [bookmark: _Ref110947441]RAN2 to discuss the following options for configuring E2E SL-DRBs for L2 U2U relay:
· Option 1: Centralized control
· Option 1a: Source remote UE (or its serving gNB if RRC CONNECTED) decides E2E configurations (ie.PC5-SDAP, PC5-PDCP) and HbH configurations (i.e., PC5-SRAP, PC5-MAC, PC5-PHY) of both hops
· Option 1b: L2 U2U Relay UE (or its serving gNB if RRC CONNECTED) decides E2E configurations (i.e., PC5-SDAP, PC5-PDCP) and HbH configurations (i.e., PC5-SRAP, PC5-MAC, PC5-PHY) of both hops
· Option 2: Distributed control
· i.e., Source remote UE (or its serving gNB if RRC CONNECTED) decides E2E configurations and HbH configurations for first hop, and L2 U2U Relay UE (or its serving gNB if RRC CONNECTED) decides HbH configurations for second hop
Proposal 11 If less gNB involvement is pursued by RAN2, RRC_CONNECTED UE can follow its serving gNB’s SIB12 to decide E2E/HbH configurations as in RRC_IDLE/ RRC_INACTIVE.

2.2.3. E2E PC5 link RLF
In Rel-17 U2N relay, the E2E link for the U2N Remote UE is consisted of PC5 hop (between the U2N Remote UE and the U2N Relay UE) and Uu hop (between the U2N Relay UE and serving gNB). Moreover, the U2N Remote UE declares RLF with following new conditions, which may trigger RRC connection re-establishment:
- Upon detecting PC5 RLF by itself (i.e., due to failure at PC5 hop);
- Upon receiving indication from its serving U2N Relay UE after the U2N Relay UE declares RLF (i.e., due to failure at Uu hop).
In general, failure at either hop leads to E2E link failure. When it comes to Rel-18 U2U relay, we think the similar mechanism for E2E link failure detection can be reused. In other words, the Source Remote UE declares E2E PC5 link failure with following new conditions, see below Figure 4:
- Upon detecting PC5 RLF by itself (i.e., between the Source Remote UE and the U2U Relay UE);
- Upon receiving indication from its serving U2U Relay UE after the U2U Relay UE declares PC5 RLF (i.e., between the U2U Relay UE and the Target Remote UE).
The second condition had been discussed in RAN2 #120 meeting and was agreed, as follows:
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 L2 U2U relay, E2E link failure conditions can be due to failure at either PC5 hop, i.e., PC5 RLF between Source Remote UE and U2U Relay UE, or PC5 RLF between U2U Relay UE and Target Remote UE.
[image: ]
[bookmark: _Ref110946785]Figure 3. E2E radio link failure detection in Rel-18 U2U Relay

Proposal 12 When Source Remote UE detects PC5 RLF on the first hop or receive PC5 RLF indication on the second hop from the L2 U2U Relay UE, it would:
· perform per-hop PC5 RRC connection release and inform upper layers about the per-hop PC5 RLF as legacy; and,
· perform E2E PC5 RRC connection release (e.g., for E2E SL-RBs) and inform upper layers about the E2E PC5 RLF.
2.2.4. Path switch for service continuity
In RAN2 #120 meeting, there are also some contributions discussing that whether path switch should be supported [1] However, in our understanding, path switch for service continuity for U2U relay, is not in the WID scope of Release 18 [1].
Observation 6 Path switch for service continuity for U2U relay, is not in the WID scope of Release 18.
On the other hand, the path selection between direct PC5 link and indirect PC5 link (via a U2U relay UE) is not excluded. E.g. In Release-17 When a remote UE performs relay selection, it may be possible that it can either select a relay or a cell. In Release-18 similar scenario can be further discussed. Therefore, we propose:
Proposal 13 Path switch for service continuity is not supported in U2U relay from AS layer perspective.
2.3. QoS handling
2.3.1. End-to-end QoS split
According to SA2 LS in [3], SA2 has provide the following information:
· SA2 TR captured one option on how the L2 U2U Relay performing QoS split, i.e., the source 5G ProSe Layer-2 End UEs signals the end-to-end QoS to the 5G ProSe Layer-2 UE-to-UE Relay, and the Relay determines the individual hop’s QoS based on the end-to-end QoS. 
· SA2 TR concluded that, For Layer-2 UE-to-UE Relay, RAN WGs will define how the E2E QoS will be handled and split over the PC5 links.
· SA2 asks RAN2 to define the AS solution/signalling to address QoS splitting, and if RAN2 identify any impact to SA2 to inform SA2.
The above SA2 information is also aligned with the [AT121bis-e][431] summary report shown as below [2].
QoS split
[Easy]Proposal 8a: RAN2 to confirm that AS layer is responsible for QoS split in L2 U2U relay.
[15:6] Proposal 8b: If AS layer is agreed to perform QoS split, relay UE is responsible for QoS split in L2 U2U relay.
 Therefore, it’s suggested that we agree the above summary proposals at first.
Proposal 14 RAN2 to confirm that AS layer is responsible for QoS split in L2 U2U relay.
Proposal 15 If AS layer is agreed to perform QoS split, relay UE is responsible for QoS split in L2 U2U relay.
In a single-hop scenario of L2 U2U relay, QoS splitting and handling may be performed in a centralized way by the relay UE, since the relay UE can know the status of two links at the same time. A simple splitting algorithm can be considered, e.g. the source remote UE signals the E2E QoS to the L2 relay UE, and the L2 relay UE determines QoS splitting to the individual hop based on the E2E QoS, send the splitting QoS to source remote UE and remaining QoS to target remote UE, in separate PC5 RRC reconfiguration procedure. Similar to U2N relay, the typical QoS parameter for splitting is the PC5 PDB.
Proposal 16 [bookmark: _Ref110947444]Using Hop-by-Hop PC5 RRC procedure in L2 U2U relay scenario to perform the E2E QoS (e.g., for PC5 PDB parameter) splitting over the two hops.

3. Conclusion
In this contribution, we discussed the L2 specific topics on U2U relaying including adaptation layer design, control plane procedures and QoS handling. The following observations and proposals are given:
Adaptation layer design
Observation 1 The following factors need to be evaluated before down-selecting candidate options on how to include Remote UE ID in the adaptation layer header:
· future release compatibility
· signaling overhead
· relay UE complexity to do the mapping
· specification work on how to perform ID allocation in AS layer
· ID collision probability
Observation 2 The signaling overhead of Option 3 is the only shortage compared with the other candidate options.
Observation 3 The Rel-17 U2N format cannot be reused by Option 2/5 assuming the BEARER ID is agreed to be the 9-bit SLRB-PC5-ConfigIndex in TS 38.331.
Proposal 1 For E2E SL-DRBs, RAN2 to confirm that the BEARER ID in the adaptation layer header format is set to the configuration index in the list of SLRB configurations (i.e., indicated by SLRB-PC5-ConfigIndex in TS 38.331).
Proposal 2 For E2E SL-SRBs, RAN2 to confirm that the BEARER ID in the adaptation layer header format is set to a fixed value for each SL-SRB type, e.g., 0/1/2/3 are specified for SL-SRB 0/1/2/3 respectively.
Proposal 3 Similar to U2N relay, for the BEARER ID shared by both E2E SL-SRB and E2E SL-DRB, separate PC5 RLC channel is used to differentiate SL-SRB and SL-DRB of remote UE.
Proposal 4 Option 1 (Target remote UE ID (layer-2 ID) in first hop and source remote UE ID (layer-2 ID) in second hop) is excluded.
Proposal 5 If signalling overhead is the most import metric in Rel-18 single-hop scenario, adopt Option 2/5 (i.e., one local UE ID over first and second hop) in the adaptation layer header. Otherwise, adopt Option 3 (i.e., two L2 IDs over first and second hop).
Proposal 6 If local UE ID is agreed in the PC5 adaption layer header, the Relay UE is responsible to allocate the local UE ID for the remote UE. FFS detailed signalling procedure.
Proposal 7 If local UE ID is agreed in the PC5 adaption layer header, the local UE ID to be included over the first and second hop can be different, i.e.:
· The Relay UE allocates a local UE ID based on the numbering of Target Remote UE(s) and include it over the first hop
· The Relay UE allocates a local UE ID based on the numbering of Source Remote UE(s) and include it over the second hop
Control plane procedures
Observation 4 According to Rel-16 NR sidelink, Source UE or Source UE’s serving gNB is responsible for SL data radio bearer configuration.
Observation 5 According to Rel-17 U2N relay, Remote UE’s serving gNB is responsible for SL data radio bearer and RLC channel configuration.
Observation 6 Path switch for service continuity for U2U relay, is not in the WID scope of Release 18.
Proposal 8 Specified SL SRAP configuration on top of the legacy specified SCCH configuration is introduced per E2E SL-SRB0/1/2/3.
Proposal 9 Discuss whether specified or default PC5 RLC channel configuration(s) is introduced for E2E SL-SRBs. FFS one common configuration or separate configuration for each SL-SRB type.
Proposal 10 RAN2 to discuss the following options for configuring E2E SL-DRBs for L2 U2U relay:
· Option 1: Centralized control
· Option 1a: Source remote UE (or its serving gNB if RRC CONNECTED) decides E2E configurations (ie.PC5-SDAP, PC5-PDCP) and HbH configurations (i.e., PC5-SRAP, PC5-MAC, PC5-PHY) of both hops
· Option 1b: L2 U2U Relay UE (or its serving gNB if RRC CONNECTED) decides E2E configurations (i.e., PC5-SDAP, PC5-PDCP) and HbH configurations (i.e., PC5-SRAP, PC5-MAC, PC5-PHY) of both hops
· Option 2: Distributed control
· i.e., Source remote UE (or its serving gNB if RRC CONNECTED) decides E2E configurations and HbH configurations for first hop, and L2 U2U Relay UE (or its serving gNB if RRC CONNECTED) decides HbH configurations for second hop
Proposal 11 If less gNB involvement is pursued by RAN2, RRC_CONNECTED UE can follow its serving gNB’s SIB12 to decide E2E/HbH configurations as in RRC_IDLE/ RRC_INACTIVE.
Proposal 12 When Source Remote UE detects PC5 RLF on the first hop or receive PC5 RLF indication on the second hop from the L2 U2U Relay UE, it would:
· perform per-hop PC5 RRC connection release and inform upper layers about the per-hop PC5 RLF as legacy; and,
· perform E2E PC5 RRC connection release (e.g., for E2E SL-RBs) and inform upper layers about the E2E PC5 RLF.
Proposal 13 Path switch for service continuity is not supported in U2U relay from AS layer perspective.
QoS handling
Proposal 14 RAN2 to confirm that AS layer is responsible for QoS split in L2 U2U relay.
Proposal 15 If AS layer is agreed to perform QoS split, relay UE is responsible for QoS split in L2 U2U relay.
Proposal 16 Using Hop-by-Hop PC5 RRC procedure in L2 U2U relay scenario to perform the E2E QoS (e.g., for PC5 PDB parameter) splitting over the two hops.
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