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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#116-e [2], RAN2#115-e [3] and RAN2#113b-e [4], some progress was made. But there are still many issues to be addressed. In this contribution, we further discuss adaptation layer, including:
· Uu SRAP

· User plane issues

· Control plane issues

· PC5 SRAP
· User plane issues

· Control plane issues

2 Discussion
2.1 Uu SRAP
2.1.1 User plane issues
In RAN2#116-e [2], the following agreements on user plane aspects were made. 
Agreement:

D/C bit is defined in the adaptation layer header at least for future compatibility.  FFS if we need a control PDU in this release.

Proposal 9: header should be bytes alignments with additional R bits.
In this section, we discuss the following remaining issues:

· Whether to introduce a control PDU in this release
· Detailed SRAP header format

2.1.1.1 Whether to introduce a SRAP control PDU in this release 
In RAN2#116-e [2], some companies proposed to introduce SRAP control PDU. Their intention was to support flow control in relay UE [5]. Specifically, they proposed to include some traffic overload indication in SRAP control PDU, and then relay UE can perform per packet handling based on the indication. 

Observation 1: In RAN2#116-e, some companies proposed to introduce SRAP control PDU to support flow control.

However, we are not convinced by the necessity of introducing flow control in Rel-17 which supports only single hop. Instead, we think the flow control can be achieved by relay UE and gNB implementation. For example, the below solutions can be considered: 

· gNB or relay UE can limit number of remote UE connections based on the load and channel quality of the Uu and PC5 links.
· In single hop relay, the traffic load of remote UEs can be estimated based on SL BSR

Observation 2: Rel-17 only supports single-hop relay. Then, flow control can be achieved by relay UE and gNB implementation (e.g., limiting number of remote UE, estimate remote UE traffic load based on its SL BSR)

Thus, we propose to not support flow control in Rel-17, and thereby not introduce a SRAP control PDU.
Proposal 1: There is no need to support flow control in Rel-17 which support only single hop relay. Therefore, no need to introduce SRAP control PDU in this release. 
2.1.1.2 Detailed Uu SRAP header format

According to below agreements in RAN2-113b-e [4], Uu adaptation layer header includes E2E Uu bearer ID and local remote UE ID. 

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)

And in RAN2#116-e [2], it was agreed that Uu DRB and Uu SRB are mapped to different RLC channels. Therefore, there is no need to introduce differentiation bit for SRB and DRB in Uu SRAP header. 

Agreement:

As in Uu, a Uu DRB and a Uu SRB are mapped to different RLC channels (i.e., PC5 RLC channel and Uu RLC channel).  FFS if there is any spec impact.

Thus, the remaining issue is how to design the header format to include these two IEs. We first discuss the length of bearer ID. In TS 38.331 [6], DRB ID needs 5bit and SRB needs 2 bit (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

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 [6], 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 3: 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.1.
Proposal 2: As illustrated Figure. 1, Uu adaptation layer header includes 
· 5bit Uu bearer ID, 1bit D/C-field placeholder for forward combability, and 2 bits of R field. 
· 5bit local remote UE ID and 3 bits of R field.
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       Figure.1 Uu adaptation layer header format

2.1.2 Control plane issues
In RAN2#116-e [2], the following agreements on control plane aspects were made with 2 FFSs.

Agreements:

Proposal 15 (modified): Relay UE is configured by gNB with the local/temp remote UE ID to be used in adaptation layer by RRCReconfiguration message, after reporting the remote UE’s L2ID via SUI message to gNB and before forwarding the first SRB0 UL message of the remote UE.  FFS if impact to the SUI contents is needed to enable this.
Proposal 16: It is left to gNB implementation to avoid collision on the usage of local/temp remote UE ID.

Proposal 17: gNB can update the local remote UE ID based on its implementation, and sends the updated ID via RRCReconfiguration message.

Proposal 18 (modified): Serving gNB can perform local remote UE ID update (based on its implementation) independent of the PC5 unicast link L2 ID update procedure.  FFS if any spec impact.
And in RAN2#113b-e [4], there is one remaining FFS:

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. (24/24)

We discuss them one by one.
FFS#1: if impact to the SUI contents is needed

In existing SUI message, it can already include L2 ID of destination UE for the purpose of TX resource request and failure information report, as highlighted below.

SidelinkUEInformationNR-r16::=         SEQUENCE {

    criticalExtensions                  CHOICE {

        sidelinkUEInformationNR-r16         SidelinkUEInformationNR-r16-IEs,

        criticalExtensionsFuture            SEQUENCE {}

    }

}

SidelinkUEInformationNR-r16-IEs ::=     SEQUENCE {

    sl-RxInterestedFreqList-r16            SL-InterestedFreqList-r16           OPTIONAL,

    sl-TxResourceReqList-r16               SL-TxResourceReqList-r16            OPTIONAL,

    sl-FailureList-r16                     SL-FailureList-r16                  OPTIONAL,

    lateNonCriticalExtension               OCTET STRING                        OPTIONAL,

    nonCriticalExtension                   SEQUENCE {}                         OPTIONAL

}

SL-InterestedFreqList-r16 ::=          SEQUENCE (SIZE (1..maxNrofFreqSL-r16)) OF INTEGER (1..maxNrofFreqSL-r16)

SL-TxResourceReqList-r16 ::=           SEQUENCE (SIZE (1..maxNrofSL-Dest-r16)) OF SL-TxResourceReq-r16

SL-TxResourceReq-r16 ::=                SEQUENCE {
    sl-DestinationIdentity-r16             SL-DestinationIdentity-r16,
    sl-CastType-r16                        ENUMERATED {broadcast, groupcast, unicast, spare1},

    sl-RLC-ModeIndicationList-r16          SEQUENCE (SIZE (1.. maxNrofSLRB-r16)) OF SL-RLC-ModeIndication-r16         OPTIONAL,
    sl-QoS-InfoList-r16                    SEQUENCE (SIZE (1..maxNrofSL-QFIsPerDest-r16)) OF SL-QoS-Info-r16          OPTIONAL,

    sl-TypeTxSyncList-r16                  SEQUENCE (SIZE (1..maxNrofFreqSL-r16)) OF SL-TypeTxSync-r16                OPTIONAL,

    sl-TxInterestedFreqList-r16            SL-TxInterestedFreqList-r16                                                OPTIONAL,

    sl-CapabilityInformationSidelink-r16   OCTET STRING                                                               OPTIONAL

}

SL-FailureList-r16 ::=                 SEQUENCE (SIZE (1..maxNrofSL-Dest-r16)) OF SL-Failure-r16

SL-Failure-r16 ::=                     SEQUENCE {

    sl-DestinationIdentity-r16             SL-DestinationIdentity-r16,
    sl-Failure-r16                         ENUMERATED {rlf,configFailure, spare6, spare5, spare4, spare3, spare2, spare1}

}

-- TAG-SIDELINKUEINFORMATIONNR-STOP

-- ASN1STOP

Observation 4: The existing SUI message can already include L2 ID of destination UE for the purpose of TX resource request and failure information report
We think it is straight forward to extend SUI message to include L2 ID of remote UE for local ID request. And one example of the spec impact can be below:

L2Relay-RemoteList-r17 ::=                 SEQUENCE (SIZE (1..maxNrofSL-Dest-r16)) OF L2Relay-RequestLocalID-r17
L2Relay-RequestLocalID-r17 ::=                     SEQUENCE {

    L2Relay-RemoteUEIdentity-r17           SL-DestinationIdentity-r16

}

Thus, we propose:

Proposal 3: For a relay UE to request local ID(s) of remote UE(s), SUI message is extended to include a list of remote UE(s)’ L2 ID. 

FFS#2: if any spec impact on local ID update
In endorsed running CR of TS 38.300 [7], it has captured these agreements:

It is left to gNB implementation to avoid collision on the usage of local Remote UE ID. The gNB can update the local Remote UE ID based on its implementation by sending the updated ID via RRCReconfiguration message to the Relay UE. Based on its implementation, the serving gNB can perform local Remote UE ID update independent of the PC5 unicast link L2 ID update procedure.  

We think it is sufficient. And they don’t need to be captured in other specifications. 

Observation 5: Endorsed running CR of TS 38.300 has captured agreements on local ID update. No need to capture these agreements in other specifications. 
FFS#3: Whether local ID and RB ID is included in SRAP header of SRB0 message  

We think both local ID and RB ID should be included in SRAP header of SRB0 message because: 

· Different remote UEs are allowed to share the same Uu RLC channel
· For one remote UE, its different SRBs are allowed to share the same Uu RLC channel

Thus, we propose:

Proposal 4: Both local remote UE ID and E2E Uu bearer ID are included in Uu SRAP header of SRB0 message 
2.2 PC5 SRAP
2.2.1 User plane issues

2.2.1.1 Detailed PC5 SRAP header format
In RAN2#116-e [2], the most controversial issue on PC5 SRAP is whether to include local remote UE in PC5 SRAP header. In offline discussion#627 of RAN2#116-e [5], 3 options were identified as below:
Proposal 4: RAN2 to further down-select below options on remote UE local ID in PC5 adaptation layer header.

•
Option 1: always absent in this release

•
Option 2: always present in this release

•
Option 3: always present but always remains to “00000000” in this release (i.e. remote/relay UE will never use this filed in R17)

We agree that remote UE local ID can be absent in PC5 SRAP header in Rel-17 because remote UE ID can be implicitly derived by relay UE via ingress PC5 RLC bearer ID. However, we still prefer Option 1 due to below reasons:
1) It is simple to use same header format for Uu and PC5 SRAP header format 

2) We tend to simplify relay UE operation on SRAP PDU handling. Below is an example of UL:

· If the remote UE local ID is present in PC5 SRAP header by remote UE, relay UE doesn’t need to change SRAP header and the whole SRAP PDU can be passed between transmitting part and the receiving part.   

· If the remote UE local ID is absent in PC5 SRAP header by remote UE, relay UE needs to first remove the PC5 SRAP header and then add the new one in Uu SRAP header.  
3) The above implicit way to derive remote UE local ID doesn’t work if multi-hop is allowed. Although one may argue that RAN2 will have to design a new PC5 SRAP header for multi-hop anyway in future, we think remote UE local ID should be included in PC5 SRAP header without doubt. Meanwhile, please note that multi-hop is still not in scope of Rel-18 sidelink relay enhancement WI. As Rel-19 is close to time phase of 6G starting, we doubt whether multi-hop has chance to be specified to support in 5G. If remote UE local ID is included in PC5 SRAP header, multi-hop actually can be enabled via implementation approaches even if multi-hop is not specified to support.   
Thus, for simplicity and forward combability consideration, we propose that PC5 adaptation layer header has the same format as Uu adaptation layer header.

Proposal 5: For simplicity and forward combability consideration, PC5 adaptation layer header has the same format as Uu adaptation layer header (i.e., including remote UE local ID and E2E bearer ID).
Correspondingly, the relay UE’s operation on SRAP PDU should be specified as below:

Proposal 6: In relay UE’s UL traffic forwarding, the receiving part of its SRAP entity on the PC5 interface delivers the whole SRAP PDU (without modification of SRAP header) to the transmitting part of its SRAP entity on the Uu interface 
Proposal 7: In relay UE’s DL traffic forwarding, the receiving part of its SRAP entity on the Uu interface delivers the whole SRAP PDU (without modification of SRAP header) to the transmitting part of its SRAP entity on the PC5 interface
2.2.1.2 Absence of PC5 SRAP header
In RAN2#115-e [3], it was agreed that PC5 SRAP header is absent for SRB0. However, it is not crystal clear whether it is absent for other SRB and DRB.
Proposal 5
Adaptation layer is not present over PC5 hop for SRB0 [16/19].

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.

We think it is straightforward that PC5 SRAP header is present for SRB1/2/DRB of PC5 hop.

Proposal 8: PC5 SRAP header is present for SRB1/2/DRB of PC5 hop.

2.2.2 Control plane issues
In offline discussion#627 of RAN2#116-e [5], one remaining control plane issue is whether remote UE is configured by gNB with its local ID. The related summary proposal is copied below:

Proposal 19: RAN2 to discuss whether remote UE needs to know its local ID configured by gNB to be used in PC5 adaptation layer header in this release

Proposal 20: If Proposal 19 concludes remote UE needs to know its local ID, RAN2 to discuss whether Remote UE can obtain UE ID to be used in PC5 adaptation layer from 1) RRCSetup message during setup procedure, 2) RRCReconfiguration message during handover procedure, 3) adaptation layer header of RRCResume for resume procedure, and 4) adaptation layer header of RRCReestablishment for reestablishment procedure.

Because we prefer PC5 SRAP header also includes remote UE local ID, we think remote UE should be configured by gNB with its local ID. Then, on how gNB configures the local ID to remote UE, above Proposal 20 of [6] includes two kinds of solutions:

· Alt-1: In Uu RRC messages, including RRCSetup/RRCReconfiguration/RRCResume/RRCReestablishment
· Alt-2: Via Uu SRAP header of RRCResume / RRCReestablishment 
We think both alternatives can work, but we don’t prefer Alt-2 because it is not forward compatible with multi-hop relays. Since Alt-1 can work in all scenarios, we prefer to adopt a unified solution. Therefore, we propose:
Proposal 9: Remote UE is configured with its local ID to be used in PC5 SRAP header by gNB via Uu RRC messages (i.e., not via Uu SRAP header of RRCResume / RRCReestablishment)
3 Conclusion
In this contribution, we discuss remaining issues of U2N adaptation layer. Our observations are:
Observation 1: In RAN2#116-e, some companies proposed to introduce SRAP control PDU to support flow control.

Observation 2: Rel-17 only supports single-hop relay. Then, flow control can be achieved by relay UE and gNB implementation (e.g., limiting number of remote UE, estimate remote UE traffic load based on its SL BSR)

Observation 3: 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.
Observation 4: The existing SUI message can already include L2 ID of destination UE for the purpose of TX resource request and failure information report
Observation 5: Endorsed running CR of TS 38.300 has captured agreements on local ID update. No need to capture these agreements in other specifications. 
Based on observations, our proposals are:
Proposal 1: There is no need to support flow control in Rel-17 which support only single hop relay. Therefore, no need to introduce SRAP control PDU in this release. 
Proposal 2: As illustrated Figure. 1, Uu adaptation layer header includes 
· 5bit Uu bearer ID, 1bit D/C-field placeholder for forward combability, and 2 bits of R field. 
· 5bit local remote UE ID and 3 bits of R field.
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Proposal 3: For a relay UE to request local ID(s) of remote UE(s), SUI message is extended to include a list of remote UE(s)’ L2 ID. 

Proposal 4: Both local remote UE ID and E2E Uu bearer ID are included in Uu SRAP header of SRB0 message 
Proposal 5: For simplicity and forward combability consideration, PC5 adaptation layer header has the same format as Uu adaptation layer header (i.e., including remote UE local ID and E2E bearer ID).

Proposal 6: In relay UE’s UL traffic forwarding, the receiving part of its SRAP entity on the PC5 interface delivers the whole SRAP PDU (without modification of SRAP header) to the transmitting part of its SRAP entity on the Uu interface 
Proposal 7: In relay UE’s DL traffic forwarding, the receiving part of its SRAP entity on the Uu interface delivers the whole SRAP PDU (without modification of SRAP header) to the transmitting part of its SRAP entity on the PC5 interface
Proposal 8: PC5 SRAP header is present for SRB1/2/DRB of PC5 hop.
Proposal 9: Remote UE is configured with its local ID to be used in PC5 SRAP header by gNB via Uu RRC messages (i.e., not via Uu SRAP header of RRCResume / RRCReestablishment)
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