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1 Introduction
WID of Sidelink relay (RP-210904) was agreed in RAN#91e [1]. The related WID objectives on adaptation layer are: 
The objective of this work item is to specify solutions to enable single-hop, sidelink-based, L2 and L3 based UE-to-Network (U2N) relaying. 
Work Item objectives specific to Layer-2 (L2) relaying:

5. Specify mechanisms for U2N Adaptation layer design [RAN2]

     a. For bearer mapping and Remote UE identification, incl. RAN related security aspects if any
NOTE 2:
For L2 UE-to-Network Relay, it is assumed that the Remote UE has a single active connection towards gNB via only a single Relay UE at a given time in this release.

NOTE 3:
Only NR Uu interface, i.e. gNB, and 5GC is considered, and it is limited to NR SA scenario in this release.

NOTE 4:
Work specific to the mobility scenario of “between indirect (via a first Relay UE) and indirect (via a second Relay UE)”, and the group mobility is not supported in this release.

In RAN2#115-e [2] and RAN2#113b-e [3], some progress was made. But there are still many issues to be addressed. In this contribution, we further discuss adaptation layer, including:
· General aspects
· Adaptation layer modeling 

· Control plane issues
· Initial remote UE local ID assignment for SRB0
· Bearer mapping configuration

· Differentiation between relay and non-relay traffic

· User plane issues
· Detailed header format for Uu adaptation layer header
· Detailed header format for PC5 adaptation layer header
2 Discussion
2.1 General aspects

According to WID of Sidelink relay (RP-210904) [1], a new protocol specification will be drafted for adaptation layer. 

	New specifications {One line per specification. Create/delete lines as needed}

	Type 
	TS/TR number
	Title
	For info 
at TSG# 
	For approval at TSG#
	Remarks

	TS
	38.3XX
	NR; Sidelink Adaptation layer Protocol
	94
	95
	rapporteur: Lu, Qianxi, OPPO, qianxi.lu@oppo.com
Core Part


The name of the new specification was “Sidelink Adaptation layer Protocol”. The key words seem to be “sidelink” and “adaptation”. However, we prefer to rename it as “Relay Adaptation Protocol”, i.e., RAP layer. Our intention is to keep the specification generic for future expansion of “sidelink” to “non-3GPP access”, which is being discussed in Rel-18 workshop [8].
Proposal 1: Rename the new protocol specification as “Relay Adaptation Protocol” (i.e., RAP layer), to keep the specification generic for future expansion of “sidelink” to “non-3GPP access”. 
2.2 Adaptation layer modelling 

In RAN2#115-e [2], the follow agreements were made on adaptation layer modelling:
Agreements:

Proposal 8: 
A single adaptation layer entity for the Uu adaptation layer is configured in the relay UE.  

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).

Our understanding on the agreements is that relay UE has separate Uu adaptation layer entity and PC5 adaptation layer entity. However, it is not crystal clear whether relay UE has single PC5 adaptation layer entity or it can more than one for different remote UEs: 
· Model 1: Relay UE has a single PC5 adaptation layer entity shared with remote UEs

· Model 2: Relay UE has multiple PC5 adaptation layer entities which is per remote UE 

From functionality perspective, we think their main difference is whether local remote UE ID is required to be exchanged between PC5 adaptation entity and Uu adaptation entity:

· Model 1: 
· DL: Uu adaptation layer entity provides local remote UE ID to co-located PC5 adaptation layer entity

· UL: PC5 adaptation layer entity provides local remote UE ID to co-located Uu adaptation layer entity

· Model 2: 

· DL: Uu adaptation layer entity determines egress PC5 adaptation layer entity, and deliver packets to it
· UL: Uu adaptation layer entity identifies remote UE based on the ingress PC5 adaptation layer entity
We think both models can work, but model 1 is simpler and more future proof for multi-hop extension. Thus, we propose:

Proposal 2: Relay UE has a single PC5 adaptation layer entity shared with multiple remote UEs. 
2.3 Control plane issues

2.3.1 Initial remote UE local ID assignment for SRB0
In RAN2#115-e [2], it was agreed that serving gNB to assign remote UE local ID, and DL/UL adaptation layer header is present for SRB0.

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.

However, because dedicated RRC configuration is not available for SRB0 delivery, it is still not clear how local ID can be determined in DL/UL adaptation layer header. This issue was discussed in RAN2#115 offline#604 [4], but it was not concluded. In our understanding, there are two possible solutions:
· Alt-1: Relay Local ID is configured via RRC upon relay UE’s request in SUI
· Alt-2: Relay generates a random ID for SRB0 delivery, which is later replaced by gNB configuration 
· The random ID is used by relay UE to route DL response SRB0 message towards different remote UEs which initiate SRB0 in similar time
To help understanding, we illustrate the above 2 alternatives in Figure.1.
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Figure.1 Illustration of two alternatives on how local UE ID is assigned for SRB0
Main benefit of Alt-2 is latency reduction of 3 RRC messages because: 1) SUI message from relay UE in Alt-1 is not needed; 2) Step 2 and Step 3 can be performed simultaneously. However, it complicates the procedure.
Observation 1: There are two alternatives to assign local remote UE ID for SRB0 message:  

· Alt-1: Relay Local ID is configured via RRC upon relay UE’s request in SUI

· Alt-2: Relay generates a random ID for SRB0 delivery, which is later replaced by gNB configuration 
Observation 2: For assignment of local remote UE ID for SRB0 message, main benefit of Alt-2 is latency reduction of 3 RRC messages because: 1) SUI message from relay UE in Alt-1 is not needed; 2) Step 2 and Step 3 can be performed simultaneously. However, it complicates the procedure.

Because it is the first release of sidelink relay, we slightly prefer Alt-1 although it increases latency of 3 RRC message. 
Proposal 3: For delivery of remote UE’s DL/UL SRB0 message with Uu adaptation layer header, the mapping between remote UE local ID and its L2 source ID is configured by RRCReconfiguration message, upon relay UE’s request in SUI   
Meanwhile, similar to L2 ID update, it should be allowed for remote UE local ID update due to security concern. We think it is straight forward to allow gNB to update remote UE local ID based on its implementation and sends the updated IE via RRCReconfiguration message towards relay and remote UE.
Proposal 4: gNB can update the local remote UE ID based on its implementation, and sends the updated ID via RRCReconfiguration message towards relay and remote UE
To allow flexibility of local ID update, we prefer that local ID update can be independent of L2 ID update.
Proposal 5: Serving gNB can perform local remote UE ID update independent of the PC5 unicast link L2 ID update procedure 
2.3.2 Bearer mapping configuration
Both relay UE and remote UE can perform bearer mapping. We discuss them respectively.

2.3.2.1 Bearer mapping in relay UE
For bearer mapping in relay UE, below agreements were made in RAN2#113b-e [3]:
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.

However, this agreement is not crystal clear on the detailed behaviour how the relay UE performs bearer mapping. That is because this agreement is a compromised outcome from below 2 options: 

· Option a): Relay UE is configured with a mapping between Uu E2E bearer ID and Uu RLC bearer ID
· Option b): Relay UE is configured with a mapping between PC5 RLC bearer ID and Uu RLC bearer ID.
As we see, the difference is whether to map Uu E2E bearer ID or PC5 RLC bearer ID to Uu RLC bearer ID (take UL as example). In our understanding, after PC5 adaptation layer is agreed to be supported in RAN2#115-e [2], only Option a) can work because Option b) can only handle 1:1 bearer mapping in PC5 adaptation layer.    
Observation 3: For bearer mapping in Uu adaptation layer, only the mapping between Uu E2E bearer ID and Uu RLC bearer ID can work if N:1 bearer mapping is configured in PC5 adaptation layer.  
Since the details are a little different in DL and UL, we propose two proposals:
Proposal 6: For DL bearer mapping, relay UE is configured with a mapping from Uu E2E bearer ID in Uu adaptation layer header to egress PC5 RLC bearer ID.
Proposal 7: For UL bearer mapping, relay UE is configured with a mapping from Uu E2E bearer ID in PC5 adaptation layer header to egress Uu RLC bearer ID.
2.3.2.2 Bearer mapping in remote UE
In RAN2#115-e [3], it was agreed to support PC5 adaptation layer. 
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].

Support the adaptation layer on PC5 for bearer mapping only.
Thus, remote UE can also perform N:1/1:1 bearer mapping between Uu E2E bearer and PC5 RLC channel. So, it is straight forward to have the following proposal:

Proposal 8: For UL bearer mapping, remote UE is configured with a mapping from Uu E2E bearer ID to egress PC5 RLC bearer ID.
2.3.3 Differentiation between relay and non-relay traffic
This issue was discussed in RAN2#115-e, but not concluded in [5]. From the L2 relaying protocol stack in section 4.5.1.1 of TR 38.836 [6], it is clear that remote UE Uu relaying bearers have Uu SDAP/PDCP and terminate on the gNB. However, the non-relaying SL bearers between the remote UE and relay UE have PC5 SDAP/PDCP and terminate between them. Then, it is impossible to multiplex them in a single Uu RLC bearer because their protocol stacks are different. Thus, different Uu RLC bearers are configured for them.

Observation 4: It is impossible to multiplex relay and non-relay traffics in a single Uu RLC bearer because their protocol stacks are different (one is with adaptation layer while the other doesn’t).  
Proposal 9: RAN2 conclude that relay and non-relay traffics can’t be multiplexed in a single Uu RLC bearer, and thereby they are differentiated via different Uu LCID.
Meanwhile, some companies also proposed that relay and non-relay traffics can be multiplexed in PC5 RLC bearer in RAN2#115-e [2]. However, SA2 has agreed below NOTE in S2-2106892 [9]:
A 5G ProSe Remote UE and a 5G ProSe UE-to-Network Relay shall set up a separate PC5 unicast links if an existing unicast link(s) was established with a different Relay Service Code or without a Relay Service Code.
Then, our understanding is that remote UE has to use separate PC5 unicast links for relay and non-relay service in L2 U2N relay, i.e., shared PC5 link between relay service and non-relay service is not feasible in L2 U2N relay. Thus, relay and non-relay traffics also can’t be multiplexed in PC5 RLC bearer. 

Proposal 10: Following SA2 agreement, remote UE shall use separate PC5 unicast links for relay service and non-relay service in L2 U2N relay. Thus, relay and non-relay traffic can’t be multiplexed in a single PC5 RLC bearer
2.4 User plane issues

2.4.1 Uu adaptation layer header format
According to below agreements in RAN2-113b-e [3], Uu adaptation layer header includes E2E Uu bearer ID and local remote UE ID. Thus, the remaining issue is how to design the header format to include these two IEs. 
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)

We first discuss the length of bearer ID. In TS 38.331 [7], DRB ID needs 5bit and SRB needs 2bit (up to 3).  

-- ASN1START

-- TAG-DRB-IDENTITY-START

DRB-Identity ::=                    INTEGER (1..32)

-- TAG-DRB-IDENTITY-STOP

-- ASN1STOP

-- ASN1START

-- TAG-SRB-IDENTITY-START

SRB-Identity ::=                    INTEGER (1..3)

-- TAG-SRB-IDENTITY-STOP

-- ASN1STOP

Because both SRB and DRB can be delivered with Uu adaptation layer, we think the simplest solution is to have 5bit bearer ID and 1bit indication whether it is DRB or SRB. In addition, for future-proof consideration, we can have 1bit D/C-field placeholder and 1 bit of R field. 
Then, we discuss the length of local remote UE ID. In our understanding, the local remote UE ID is only required to be unique for one relay. And gNB can identify one remote UE based on pair of (relay UE ID, remote UE local ID). In TS 38.331 [7], one SL UE can have up to 32 PC5 links. Thus, 5bit UE ID should be sufficient. We can reserve 3 bits of R field for future extension. 
maxNrofSL-Dest-r16      INTEGER ::= 32      -- Maximum number of destination for NR sidelink communication

Observation 5: According to TS 38.331, one relay UE can have up to 32 unicast PC5 links. Thus, 5bit remote UE local ID should be sufficient, and 3 bits can be reserved as R field for future extension.
Based on above discussion, we illustrated the format of Uu adaptation layer header in Figure.2.
Proposal 11: As illustrated Figure. 2, Uu adaptation layer header includes 
· 5bit Uu bearer ID, 1bit indication whether it is DRB or SRB, 1bit D/C-field placeholder for forward combability, and 1 bit of R field. 
· 5bit local remote UE ID and 3 bits of R field for future extension.
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       Figure.2 PC5/Uu adaptation layer header format
2.4.2 PC5 adaptation layer header format
According to our Proposal 8, PC5 adaptation layer header should at least include E2E Uu bearer ID. We can reuse the same design of Uu adaptation layer. Furthermore, remote UE ID can be implicitly derived by relay UE via ingress PC5 RLC bearer ID. Therefore, strictly speaking, remote UE local ID can be absent in PC5 adaptation layer in this release. However, such implicit way may not work if extending to multi-hop in future. For forward compatibility consideration, we propose that PC5 adaptation layer header has the same format as Uu adaptation layer header.
Proposal 12: For forward compatibility consideration, PC5 adaptation layer header has the same format as Uu adaptation layer header. 

As mentioned before, remote UE local ID in PC5 adaptation layer header is not necessary in this release from functionality perspective. Thus, we think the remote ID field of PC5 adaptation layer header can be configurable to be absent. 

Proposal 13: The remote UE local ID field in PC5 adaptation layer header can be configured to be absent 

3 Conclusion
In this contribution, we further discuss U2N adaptation layer design. Our observations are:
Observation 1: There are two alternatives to assign local remote UE ID for SRB0 message:  

· Alt-1: Relay Local ID is configured via RRC upon relay UE’s request in SUI

· Alt-2: Relay generates a random ID for SRB0 delivery, which is later replaced by gNB configuration 
Observation 2: For assignment of local remote UE ID for SRB0 message, main benefit of Alt-2 is latency reduction of 3 RRC messages because: 1) SUI message from relay UE in Alt-1 is not needed; 2) Step 2 and Step 3 can be performed simultaneously. However, it complicates the procedure.
Observation 3: For bearer mapping in Uu adaptation layer, only the mapping between Uu E2E bearer ID and Uu RLC bearer ID can work if N:1 bearer mapping is configured in PC5 adaptation layer.  
Observation 4: It is impossible to multiplex relay and non-relay traffics in a single Uu RLC bearer because their protocol stacks are different (one is with adaptation layer while the other doesn’t).  
Observation 5: According to TS 38.331, one relay UE can have up to 32 unicast PC5 links. Thus, 5bit remote UE local ID should be sufficient, and 3 bits can be reserved as R field for future extension.
Based on observations, our proposals are:
Proposal 1: Rename the new protocol specification as “Relay Adaptation Protocol” (i.e., RAP layer), to keep the specification generic for future expansion of “sidelink” to “non-3GPP access”. 
Proposal 2: Relay UE has a single PC5 adaptation layer entity shared with multiple remote UEs. 
Proposal 3: For delivery of remote UE’s DL/UL SRB0 message with Uu adaptation layer header, the mapping between remote UE local ID and its L2 source ID is configured by RRCReconfiguration message, upon relay UE’s request in SUI   

Proposal 4: gNB can update the local remote UE ID based on its implementation, and sends the updated ID via RRCReconfiguration message towards relay and remote UE
Proposal 5: Serving gNB can perform local remote UE ID update independent of the PC5 unicast link L2 ID update procedure 
Proposal 6: For DL bearer mapping, relay UE is configured with a mapping from Uu E2E bearer ID in Uu adaptation layer header to egress PC5 RLC bearer ID.
Proposal 7: For UL bearer mapping, relay UE is configured with a mapping from Uu E2E bearer ID in PC5 adaptation layer header to egress Uu RLC bearer ID.
Proposal 8: For UL bearer mapping, remote UE is configured with a mapping from Uu E2E bearer ID to egress PC5 RLC bearer ID.
Proposal 9: RAN2 conclude that relay and non-relay traffics can’t be multiplexed in a single Uu RLC bearer, and thereby they are differentiated via different Uu LCID.
Proposal 10: Following SA2 agreement, remote UE shall use separate PC5 unicast links for relay service and non-relay service in L2 U2N relay. Thus, relay and non-relay traffic can’t be multiplexed in a single PC5 RLC bearer
Proposal 11: As illustrated Figure. 2, Uu adaptation layer header includes 
· 5bit Uu bearer ID, 1bit indication whether it is DRB or SRB, 1bit D/C-field placeholder for forward combability, and 1 bit of R field. 
· 5bit local remote UE ID and 3 bits of R field for future extension.
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Proposal 12: For forward compatibility consideration, PC5 adaptation layer header has the same format as Uu adaptation layer header. 
Proposal 13: The remote UE local ID field in PC5 adaptation layer header can be configured to be absent 
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