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Based on the discussions in RAN2 meetings, we have reached the following agreements for L2 U2N Adaptation layer design.
	· Adaptation in relay performs the bearer mapping between PC5 RLC and Uu RLC.
· 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.
· The identity information of Remote UE Uu Radio Bearer and Remote UE is included in the Uu adaptation layer. FFS for SRB0
· The radio bearer ID in the adaptation layer header is the Uu radio bearer ID of the remote UE.
· The Uu adaptation layer is used to support Remote UE identification 
· Serving gNB of relay UE assigns the local/temp remote UE ID.
· The UE ID in the adaptation layer header is a local, temporary remote UE ID.
· support the adaptation layer on PC5 for bearer mapping only.
· Adaptation layer is not present over PC5 hop for SRB0 
· For SRB0, adaptation layer is present over Uu hop for UL.
· For SRB0, adaptation layer is present over Uu hop for DL.
· Adaptation layer is not present over PC5 hop for BCCH and PCCH 
· 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). 


In this paper, we provide detailed design on the remaining issues on L2 U2N Adaptation layer design, e.g. Adaptation layer modelling, remote UE identification and bearer mapping, etc.
2 Discussion
2.1 Generic and adaptation layer modelling
2.1.1 TS naming and Terminologies
A technical specification dedicated to the adaptation layer for L2 sidelink relay was created in 3GPP, i.e. TS 38.351. The L2 U2N relay adaptation layer should be named as “Sidelink Relay Adaptation Protocol”, where “relay” and “adaptation” are the key characteristics. 
Proposal 1: The adaptation layer specification (TS 38.351) should be named as “Sidelink Relay Adaptation Protocol”, i.e. SRAP layer.
This adaptation layer protocol specification can cover both PC5 and Uu adaptation layers. As we have agreed in last RAN2 meeting, “Uu adaptation layer and PC5 adaptation layer can be described as separate entities for specification purpose”. Therefore, there could be three adaptation layer entities in the L2 U2N relay case at UE sides, i.e. PC5 SRAP entity at remote UE, PC5 SRAP entity at relay UE and Uu SRAP entity at relay UE. From the specification perspective, those terminologies can be used to descript the different operations and functionalities in the TS 38.351.


Figure 1. The UP protocol stack for L2N relay
Proposal 2: The terminologies, including “PC5 SRAP entity at remote UE”, “PC5 SRAP entity at relay UE” and “Uu SRAP entity at relay UE”, can be used in the specification.
2.1.2 Adaptation modelling 
We have agreed that “A single adaptation layer entity for the Uu adaptation layer is configured in the relay UE”, while the number of PC5 adaptation layer entity in the relay UE should be also finalized. 
Similar to the IAB adaption layer modelling, the PC5 adaptation layer in the relay UE should handle the determination of egress PC5 link for DL. It means the one PC5 adaptation entity determines the destination remote UE and submits the PC5 adaption PDU to the corresponding PC5 link.  From the protocol modelling perspective, this one PC5 adaptation entity is shared among multiple connected remote UEs. 
Proposal 3: The PC5 adaptation entity at relay UE is per relay UE rather than per remote UE (i.e. single PC5 adaptation entity at relay UE for multiple remote UEs).
One leftover proposal with majority support in the last meeting offline R2-2108934 is that “In order to differentiate relay and non-relay traffic over Uu hop, different LCID (i.e., relay and non-relay traffic carried via different LCH) is used as baseline”. The key point of this FFS is whether relay UE’s own traffic will also use the Uu adaptation layer.
· Option 1: Relay and non-relay traffic is differentiated by different Uu LCID
· In this option, whether to have the Uu adaptation layer is determined by the Uu LCID.
· This may require more Uu LCID to be used compared to the legacy Uu traffic case.
· Option 2: Both relay and non-relay traffic use the Uu adaption layer
· In this option, the legacy relay UE’s Uu traffic protocol will be changed (i.e. adding adaptation layer).
· It requires some indicator in the adaption layer header, or specific reserved value of “remote UE ID”, to indicate whether the PDU is relay and non-relay traffic.
With the below key observation (i.e. there will be not that many DRBs for U2N traffic at remote UE), option 1 should be the simple and less impact approach.
Observation 1: Either the legacy Uu LCID values and/or some more reserved LCID values can be used and sufficient for remote UE’s traffic. 
Proposal 4: There is no Uu adaptation layer for relay UE’s own traffic (i.e. relay UE’s traffic and remote UE’s traffic are carried via different Uu RLC channel).
2.1.3 Adaptation functionalities overview
To have the clear manner to capture all the adaptation layer operations, we need to define the functionalities at each entities and how those entities process and pass the packet.
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Figure 2a. The overview functionalities for UL case
For the UL data (also shown in the above Figure 2a), 
1. The TX side of PC5 SRAP entity at remote UE adds the PC5 SRAP header and performs the bearer mapping, upon receiving data from upper layer;
2. The RX side of PC5 SRAP entity at relay UE delivers the packet to the collocated Uu SRAP entity and provides the remote UE ID related information, upon receiving data from lower layer;
3. Then TX side of Uu SRAP entity at relay UE adds the Uu SRAP header and performs the bearer mapping, upon receiving packet from the collocated PC5 SRAP entity.
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Figure 2b. The overview functionalities for DL case
For the DL data (also shown in the above Figure 2b), 
1. For RX side of Uu SRAP entity at relay UE delivers the packet to the collocated PC5 SRAP entity and provides the remote UE ID related information, upon receiving data from lower layer;
2. The TX side of PC5 SRAP entity at relay UE adds the PC5 SRAP header, determines the egress PC5 connection and performs the bearer mapping, upon receiving packet from the collocated Uu SRAP entity;
3. For RX side of PC5 SRAP entity at remote UE delivers the SDU to the corresponding Uu PDCP entity by removing the PC5 SRAP header, upon receiving data from lower layer.
In summary, it will be good to agree the below overviews of functionalities to clarify how we should capture those in the specification.
Proposal 5a: The functionalities of PC5 SRAP entity at remote UE includes:
· For UL or TX side, add the PC5 SRAP header and perform the bearer mapping, upon receiving data from upper layer;
· For DL or RX side, deliver the SDU to the corresponding Uu PDCP entity by removing the PC5 SRAP header, upon receiving data from lower layer.
Proposal 5b: The functionalities of PC5 SRAP entity at relay UE includes:
· For UL or RX side, deliver the packet to the collocated Uu SRAP entity and provide the remote UE ID related information, upon receiving data from lower layer;
· For DL or TX side, add the PC5 SRAP header, determine the egress PC5 connection and perform the bearer mapping, upon receiving packet from the collocated Uu SRAP entity.
Proposal 5c: The functionalities of Uu SRAP entity at relay UE includes:
· For UL or TX side, add the Uu SRAP header and perform the bearer mapping, upon receiving packet from the collocated PC5 SRAP entity;
· For DL or RX side, deliver the packet to the collocated PC5 SRAP entity and provide the remote UE ID related information, upon receiving data from lower layer.
2.2 Remote UE identification
2.2.1 Remote UE ID size
As agreed in last RAN2 meeting, “Serving gNB of relay UE assigns the local/temp remote UE ID.” It can be gNB implementation when allocating the remote UE ID on whether the remote UE ID is unique within the connected relay UE or unique within the gNB. 
gNB can identify the remote UE by considering the remote UE ID and its connected relay UE among the scope of gNB. Also, in R17, the remote UE ID will be only maintained per connected relay UE, i.e. leaving the current relay UE means invalidation of remote UE ID, since there is no indirect to indirect path switch. 
Observation 2: Remote UE ID is unnecessary to be unique among gNB (i.e. uniqueness among the connected relay UE is sufficient).
maxNrofSL-Dest-r16                      INTEGER ::= 32      -- Maximum number of destination for NR sidelink communication
Observation 3: Based on R16 NR sidelink, the maximum number of PC5 connections for a relay UE is 32.
In case the remote UE ID is unique within the relay UE, 5-bits remote UE ID is sufficient considering the maximum number of connected remote UEs. To give gNB implementation more flexibility on remote UE ID allocation, 8 bits is more than sufficient as the remote UE ID size.
Proposal 6: The size of remote UE ID is up to 8 bits.
2.2.2 Remote UE identification at relay UE, Remote UE ID presence 
To support the remote UE identification for DL, relay UE determines the egress PC5 connection based on the received adaptation layer data, where the carried remote UE ID uniquely identifies one remote UE and the PC5 connection. Therefore, remote UE ID in the header is the only input parameter to the functionality of egress PC5 connection determination at relay UE for DL.
Observation 4: For DL traffic, relay UE has to know the mapping from remote UE ID to PC5 connection (i.e. remote UE ID should be known to relay UE for any DL traffic).
Proposal 7a: For DL, relay UE determines the egress PC5 connection, based on the remote UE ID included in the Uu adaptation header.
Since relay UE already knows the mapping from remote UE ID to PC5 connection for DL purpose, it is straightforward that relay UE can also add the remote UE ID in Uu adaptation layer header based on the ingress PC5 connection for UL case.
Observation 5: Since Relay UE knows the mapping between PC5 connection and remote UE ID anyway, it is possible for relay UE to add the remote UE ID in Uu adaptation layer header for UL traffic.
Proposal 7b: For UL, relay UE determines the remote UE ID to be added in the Uu adaptation layer header, based on the ingress PC5 connection.
Since the only functionality of PC5 adaptation layer is bearer mapping, as agreed, there is no further motivation to include remote UE ID in the PC5 adaptation layer header, which would add more overhead instead.
Observation 6: Remote UE ID is useless in PC5 adaption layer header, if relay UE can add the remote UE ID for Uu adaptation layer header of UL data.
Proposal 8: The PC5 adaptation layer header does not include remote UE ID.
2.2.3 SRB0 case 
In the RRC connection setup phase, the response Msg4 from gNB should be forwarded to the intended remote UE by relay UE, which makes it necessary for relay UE to use the remote UE ID in Uu adaptation layer header to determine the egress PC5 connection.
Observation 7a: Remote UE ID should be included in the Uu adaptation layer header of the Msg4 from gNB.
Correspondingly, in Msg3 transmission, if the remote UE ID is not configured to relay UE yet, relay UE has to add some temporary remote UE ID in Msg3. In that case, gNB has to include both the temporary remote UE ID and the real remote UE ID in the responds data in Msg4, so that relay UE can know the mapping between real remote UE ID and PC5 connection for this DL data.
Another candidate is to use dedicated Uu RLC channel for each remote UE’s Msg3/Msg4, which will cause significant dedicated Uu RLC channel occupation.  
Therefore, it makes sense to assume the remote UE ID can be configured before transmission of Msg3. Also, the followings can be basic procedure of the initial phase.
[image: ]
Figure 3. SRB0 message transmission
Observation 7b: Remote UE ID should be included in the Uu adaptation layer header of Msg3, so that relay UE can identify the Msg4 corresponding to the Msg3 of the same remote UE.  
Proposal 9a: RAN2 assumes the remote UE ID can be allocated before transmitting remote UE’s SRB0 on Uu link.
Proposal 9b: Relay UE adds the corresponding allocated remote UE ID in the Uu adaptation header of SRB0 message.
2.2.4 Remote UE ID allocation procedure
In order to configure the remote UE ID to relay UE before Msg3 transmission on Uu link, gNB can configure the remote UE ID to relay UE based on the SUI message from relay UE.
Assuming relay UE will report the L2 ID of any connected remote UE to the gNB as in legacy R16 in SUI, gNB can allocate the remote UE ID for each reported L2 ID of remote UE. In responds to the SUI message, gNB may use dedicate RRC signaling to configure relay UE with a list of remote UE ID mapping to the list of remote UE’s L2 ID, as reported in the SUI message.
Proposal 10: gNB configures the remote UE ID for each remote UE’s L2 ID to relay UE, based on the reported remote UE’s L2 ID in SUI, via dedicated RRC singalling.
2.3 Bearer mapping
2.3.1 Bearer mapping at remote UE
The functionality of PC5 adaptation layer is to perform the mapping between Uu radio bearer and PC5 RLC channel, to achieve the possible N:1 bearer mapping based on gNB configuration. Therefore, the bearer mapping configuration form gNB should be the mapping table between remote UE bearer ID and the PC5 RLC channel ID. 
Proposal 11: For the bearer mapping at remote UE, gNB configures the mapping between Uu remote UE bearer ID and PC5 RLC channel ID.
2.3.2 Remote UE bearer ID size/range
In the current ASN.1 design, the radio bearer ID for remote UE SRBs and DRBs are followings:
· DRB-Identity ::= INTEGER (1..32)
· SRB-Identity ::= INTEGER (1..3)
Theoretically, at most 35 values of remote UE bearer ID are needed to identify the 32 DRBs and the 3 SRBs, since there are ID collision in {1,3} space between DRBs and SRBs.
Observation 8: At most 35 remote UE bearer ID values are needed, considering the range of DRB-Identity as INTEGER (1..32) and SRB-Identity as INTEGER (1..3).
Two options can be considered for the remote UE bearer ID design.
· Option 1: 5-bits remote UE bearer ID, while the RB type should be indicated by other approaches (e.g. separate PC5/Uu RLC for SRBs and DRBs, or 1 bits in header to indicate the RB type.)
· Option 2: 6-bits remote UE bearer ID, where 35 RBs can be identified for DRBs and SRBs.
Proposal 12: RAN2 to discuss whether the size of remote UE bearer ID in the adaption layer header is 5 or 6 bits.
Another open issues is whether to assign remote UE bearer ID for its SRB0. It’s agreed that Uu adaption layer for SRB0 should be included. Even though the dedicate Uu RLC is assumed for SRB0, it is the unified design to have the common Uu adaption layer header format (i.e. always including the remote UE bearer ID filed). Therefore, we should also assign one remote UE bearer ID for its SRB0, e.g. “0”.
Proposal 13: Include remote UE bearer ID in the Uu adaption layer header also for SRB0 (e.g. value “0”).
2.3.2 Bearer mapping at relay UE
As to the bearer mapping at relay UE, it should be performed after the remote UE identification. Then, for a determined PC5 connection/remote UE ID, there are two options to perform the bearer mapping at relay UE:
· Option 1: for a certain remote UE, the egress RLC ID is determined based on the remote UE bearer ID in adaptation layer header.
· Option 2: for a certain remote UE, the egress RLC ID is determined based on the ingress RLC ID.
Option 1 can support M:N mapping between PC5 RLC and Uu RLC, while option 2 only support 1:1 mapping between PC5 and Uu RLC. Since the remote UE bearer ID is anyway included in header and visible to relay UE, it is better to use option 1 to achieve more flexible mapping.
Proposal 14: The bearer mapping at relay UE is based on the mapping:
· For UL, remote UE ID + remote UE bearer ID in the adaptation layer header => egress Uu RLC channel ID;
· For DL, remote UE ID + remote UE bearer ID in the adaptation layer header => egress PC5 RLC channel ID in a certain PC5 connection.

1. Conclusion
In this contribution, we discussed the L2 adaptation layer design and have the following observation and proposal:
Observation 1: Either the legacy Uu LCID values and/or some more reserved LCID values can be used and sufficient for remote UE’s traffic. 
Observation 2: Remote UE ID is unnecessary to be unique among gNB (i.e. uniqueness among the connected relay UE is sufficient).
Observation 3: Based on R16 NR sidelink, the maximum number of PC5 connections for a relay UE is 32.
Observation 4: For DL traffic, relay UE has to know the mapping from remote UE ID to PC5 connection (i.e. remote UE ID should be known to relay UE for any DL traffic).
Observation 5: Since Relay UE knows the mapping between PC5 connection and remote UE ID anyway, it is possible for relay UE to add the remote UE ID in Uu adaptation layer header for UL traffic.
Observation 6: Remote UE ID is useless in PC5 adaption layer header, if relay UE can add the remote UE ID for Uu adaptation layer header of UL data.
Observation 7a: Remote UE ID should be included in the Uu adaptation layer header of the Msg4 from gNB.
Observation 7b: Remote UE ID should be included in the Uu adaptation layer header of Msg3, so that relay UE can identify the Msg4 corresponding to the Msg3 of the same remote UE.  
Observation 8: At most 35 remote UE bearer ID values are needed, considering the range of DRB-Identity as INTEGER (1..32) and SRB-Identity as INTEGER (1..3).

Proposal 1: The adaptation layer specification (TS 38.351) should be named as “Sidelink Relay Adaptation Protocol”, i.e. SRAP layer.
Proposal 2: The terminologies, including “PC5 SRAP entity at remote UE”, “PC5 SRAP entity at relay UE” and “Uu SRAP entity at relay UE”, can be used in the specification.
Proposal 3: The PC5 adaptation entity at relay UE is per relay UE rather than per remote UE (i.e. single PC5 adaptation entity at relay UE for multiple remote UEs).
Proposal 4: There is no Uu adaptation layer for relay UE’s own traffic (i.e. relay UE’s traffic and remote UE’s traffic are carried via different Uu RLC channel).
Proposal 5a: The functionalities of PC5 SRAP entity at remote UE include:
· For UL or TX side, add the PC5 SRAP header and perform the bearer mapping, upon receiving data from upper layer;
· For DL or RX side, deliver the SDU to the corresponding Uu PDCP entity by removing the PC5 SRAP header, upon receiving data from lower layer.
Proposal 5b: The functionalities of PC5 SRAP entity at relay UE include:
· For UL or RX side, deliver the packet to the collocated Uu SRAP entity and provide the remote UE ID related information, upon receiving data from lower layer;
· For DL or TX side, add the PC5 SRAP header, determine the egress PC5 connection and perform the bearer mapping, upon receiving packet from the collocated Uu SRAP entity.
Proposal 5c: The functionalities of Uu SRAP entity at relay UE include:
· For UL or TX side, add the Uu SRAP header and perform the bearer mapping, upon receiving packet from the collocated PC5 SRAP entity;
· For DL or RX side, deliver the packet to the collocated PC5 SRAP entity and provide the remote UE ID related information, upon receiving data from lower layer.
Proposal 6: The size of remote UE ID is up to 8 bits.
Proposal 7a: For DL, relay UE determines the egress PC5 connection, based on the remote UE ID included in the Uu adaptation header.
Proposal 7b: For UL, relay UE determines the remote UE ID to be added in the Uu adaptation layer header, based on the ingress PC5 connection.
Proposal 8: The PC5 adaptation layer header does not include remote UE ID.
Proposal 9a: RAN2 assumes the remote UE ID can be allocated before transmitting remote UE’s SRB0 on Uu link.
Proposal 9b: Relay UE adds the corresponding allocated remote UE ID in the Uu adaptation header of SRB0 message.
Proposal 10: gNB configures the remote UE ID for each remote UE’s L2 ID to relay UE, based on the reported remote UE’s L2 ID in SUI, via dedicated RRC singalling.
Proposal 11: For the bearer mapping at remote UE, gNB configures the mapping between Uu remote UE bearer ID and PC5 RLC channel ID.
Proposal 12: RAN2 to discuss whether the size of remote UE bearer ID in the adaption layer header is 5 or 6 bits.
Proposal 13: Include remote UE bearer ID in the Uu adaption layer header also for SRB0 (e.g. value “0”).
Proposal 14: The bearer mapping at relay UE is based on the mapping:
· For UL, remote UE ID + remote UE bearer ID in the adaptation layer header => egress Uu RLC channel ID;
· [bookmark: _GoBack]For DL, remote UE ID + remote UE bearer ID in the adaptation layer header => egress PC5 RLC channel ID in a certain PC5 connection.
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