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1 Introduction
[bookmark: _Hlk61519723]In [Post125][417][Relay] email discussion [1] on remaining RRC open issues, consensus could not been reached on the following two issues in regards of ASN.1 design for RRC signaling:
· Which message to carry flow-to-SLRB mapping from remote UE to relay UE?
· Whether to introduce a new IE to represent SLRB index for the end-to-end SLRB for relay UE to report a 2nd-hop QoS per SLRB?
The corresponding rapporteur proposals in [Post125][417] summary [1] are shown as below:
Proposal 1: To convey QoS flow-to-SLRB mapping information from source Remote UE to Relay UE (J107, H693, Z755, A622, O409), down-select from the two alternatives:
· [7/14] Alternative 1: to include flow-to-SLRB mapping in the current UEInformationRequestSidelink. 
· [6/14] Alternative 2: to introduce an explicit mapping list in the current RRCReconfigurationSidelink including SLRB index and associated QFI.
Proposal 5: For an E2E SLRB, source remote UE configures the same value of SLRB index to Relay UE and target Remote UE. FFS: for the same SLRB, the relay UE is allowed to set different value of SLRB index in SUI from what it received from remote UE (related to H064).
Proposal 6: FFS whether to clarify that IE SLRB-Uu-ConfigIndex can be reported by Relay UE, or introduce a new IE for SLRB ConfigIndex to address O428.
In this paper, we discuss the above two issues and resolve the FFS in the above proposals. 
2 Discussion 
2.1 End-to-end QoS-Flow to SLRB mapping and QoS Split 
For this issue, we think it is important to first understand the underlaying motivation of QoS split design for Layer 2 UE-to-UE relay agreed by RAN2. L2 U2U Relay UE splitting QoS not only provides first hop QoS per end-to-end flow to the Source Remote UE, but also allows Relay UE itself to generate SRAP mapping and determine its own PC5 Relay RLC channel configurations for the 2nd hop. Without knowing the QoS-flow-to-SLRB mapping, the L2 Relay UE cannot determine the per-RB QoS information, which is critical for IDLE/INACTIVE relay UE to determine the PC5 Relay RLC channel configuration mapped to support the end-to-end SLRB’s QoS requirement. This per-SLRB QoS is also reported in SUI message to relay UE’s serving gNB if the relay UE is in RRC_CONNECTED state.  
Observation 1	To generate 2nd-hop QoS per-end-to-end SLRB (and report this in SUI message to gNB for Connected Relay UE), the relay UE need both the QoS Flow to SLRB mapping and per-flow QoS information.   
For the benefit of relay UE implementation, the relay UE is supposed to conduct QoS split and generate 2nd-hop QoS per end-to-end SLRB together in one procedure. Then it can simply forget all the information about end-to-end QoS flow and operate its relay operation solely based on per-RB information (QoS, SRAP mapping, etc.). This is also the intention of the original ASN.1 design, where the “sl-E2E-QoS-ConnectionListPC5-r18” is indicated as “NEED N”, not “NEED M” in UEInformationRequestSidelink in TS 38.331 [2].
Observation 2	After QoS Split, the relay UE shall be able to operate solely based on Per-RB information for SRAP configuration and shall not be required to remember or maintain information of e2e QoS flows.   
However, according to the Alt 2 proposal, after QoS split, the L2 relay UE shall still wait for another PC5-RRC message RRCReconfigruaitonSidelink because the flow-to-SLRB mapping (per each target destination UE) is to be conveyed in this additional PC5-RRC signaling. Then, the relay UE has to remember all the per-flow QoS information while waiting for this message. Also, it is proposed in Alt 2 to not to include destination address of target remote UE in RRCReconfigruaitonSidelink message, but just refer to the per-UE QFI index included in the previous UEInformationRequestSidelink message, which creates another dependency of those two PC5-RRC messages. 
It is a bad practice that when all relevant information can be contained in one PC5-RRC message, they are still artificially spread into two different RRC signalings. This will require the specification to clearly mandates the processing procedure of one message to include text to tell the UE which information shall be stored and maintained for a later usage during the processing of a second message. Such a dependency will have the following specification impact on procedure texts:
1) The specification is required to specify which message (UEInformationRequestSidelink or RRCReconfigurationSidelink) will be sent first, which is an unnecessary restriction for the source remote UE implementation. But if this is not specified, then the procedure text illustrating how to generate 2nd-hop QoS for each end-to-end SLRB based on QoS flow information & flow-to-SLRB mapping has to be placed in both procedures (5.8.9.1 and 5.8.9.11), which is kind of wasteful and redundant.
2) If UEInforamtionRequestSidelink message is sent and processed first, L2 U2U Relay UE need to remember the e2e QoS flows, QFIs, and after-split QoS results so it can be later used to determine 2nd-hop QoS per SLRB. RAN2 need to discuss whether “NEED N” code can still be used here.
3) If RRCReconfigurationSidelink message containing the SLRB mapping is sent and processed first, L2 U2U relay UE has to wait for the reception of UEInformationRequestSidelink message to understand each QOS flow’s  destination and what the QFI means in the given mapping,  so this will make the procedure text for relay UE quite complicated in 5.8.9.1. 
4) There would be text to explain whether the relay UE is allowed to make QoS-split decisions blindly w/o knowing the “QoS flow-to-e2e Bearer” mapping or not. If this is allowed, then RAN2 has also to explain or specify whether the relay UE is allowed to change its QoS split results whenever QoS-flow-to-SLRB mapping has been updated by remote UE in RRCReconfigurationSidelink. This will result an abnormaly case when UEInformationResponseSidelink message is triggered by RRCReconfigurationSidelink.
On the other hand, the usage of only UEInformationRequestSidelink signalling in Alt 1 would put all information about per-destination e2e QoS flow in one place instead of spreading them into two different PC5-RRC signalling. This enables relay UE to utilize all the relevant information to make the best QoS split decisions and generate 2nd-hop QoS and SRAP mapping immediately after receiving this PC5-RRC message, which makes the specification of this step much easier.
Observation 3	Alt 2 has much larger specification impact because the processing of UEInformationRequestSidelink and RRCReconfigurationSidelink would be entangled.

In regarding of the over-the-air signaling overhead, Alt 1 is also better. If Alt 2 is adopted, whenever there is a new QOS flow created in L2 U2U source remote UE, there will be two PC5-RRC messages triggered in Alt 2 (UEInformationRequestSidelink + RRCReconfigurationSidelink). But for Alt 1, a new transmission of  RRCReconfigurationSidelink from source remote UE is only needed when source remote UE updates its 1st-hop PC5 Relay RLC channel configuration to the relay UE. It is quite probably that adding a single new QoS flow will not trigger remote UE to have such a change of Relay RLC channel because the mapped SLRB is already supported by an existing PC5 Relay RLC channel. So, the signaling overhead for Alt 1 will likely to be a single transmission of UEInformationRequestSidelink, which is almost half as that of Alt 2.  
Observation 4	Alt 2 will generate twice the signalling overhead in PC5 interface than Alt 1. 

Regarding Alt 1, there is some view that Alt 1 will require CONNECTED Source remote UE to send one extra SUI message to gNB because “the Remote UE first reports E2E QoS to obtain the flow-to-SLRB mapping like in step2, and then trigger QoS split procedure like in step1, after which the Remote UE2 needs to do step2 again to obtain the first-hop RLC configuration”. 
However, this is a misunderstanding of the SUI triggering process, and the two SUI reporting indicated above cannot be implemented in a single step (e.g. step 2). On the contrary, the SUI message is triggered by source remote UE even before QoS split whenever the UE have “sl-E2E-QoS-InfoList-r18” available for an end-to-end QoS flow, according to clause 5.8.3.2 of TS 38.331 [2].

	[bookmark: _Toc162894415]5.8.3.2	Initiation
<text omitted>
Upon initiating this procedure, the UE shall:
1> if SIB12 including sl-ConfigCommonNR is provided by the PCell:
<text omitted>
2> if configured by upper layer to transmit NR sidelink L2 U2U relay communication on the frequency included
in sl-FreqInfoList in SIB12 of the PCell including sl-L2U2U-Relay:
<text omitted>
3> if the last transmission of the SidelinkUEInformationNR message did not include sl-
TxResourceReqL2U2U-Relay; or if the information carried by the sl-TxResourceReqL2U2U-Relay has
changed since the last transmission of the SidelinkUEInformationNR message; or
<text omitted>


And ASN.1 defineiton of SidelinkUEInformationNR:
SL-TxResourceReqL2-U2U-r18 ::=         SEQUENCE {
    sl-DestinationIdentityL2-U2U-r18       SL-DestinationIdentity-r16                                                 OPTIONAL,
    sl-TxInterestedFreqListL2-U2U-r18      SL-TxInterestedFreqList-r16,
    sl-TypeTxSyncListL2-U2U-r18            SEQUENCE (SIZE (1..maxNrofFreqSL-r16)) OF SL-TypeTxSync-r16,
    sl-CapabilityInformationSidelink-r18   OCTET STRING                                                               OPTIONAL,
    sl-U2U-InfoList-r18                    SEQUENCE (SIZE (1.. maxNrofRemoteUE-r17)) OF SL-U2U-Info-r18               OPTIONAL,
    ...
}

SL-U2U-Info-r18 ::=                    SEQUENCE {
    sl-U2U-Identity-r18                    CHOICE {
        sl-TargetUE-Identity-r18               SL-DestinationIdentity-r16,
        sl-SourceUE-Identity-r18               SL-SourceIdentity-r17
   },
   sl-E2E-QoS-InfoList-r18                 SEQUENCE (SIZE (1.. maxNrofSL-QFIsPerDest-r16)) OF SL-QoS-Info-r16         OPTIONAL,
   sl-PerHop-QoS-InfoList-r18              SEQUENCE (SIZE (1.. maxNrofSL-QFIsPerDest-r16)) OF SL-SplitQoS-Info-r18    OPTIONAL,
   sl-PerSLRB-QoS-InfoList-r18             SEQUENCE (SIZE (1.. maxNrofSLRB-r16)) OF SL-PerSLRB-QoS-Info-r18           OPTIONAL
}

It is very clear that when upper layer has generated a new end-to-end QoS flow, this equals to “information by the sl-TxResourceReqL2U2U-Relay has changed since the last transmission of the SidelinkUEInformationNR message”. Therefore, the SUI message has to be triggered even before the remote UE sharing this QoS flow information for relay UE to split (in the so-called step 1). It will violate the RRC specification if remote UE intentionally not to trigger SUI message to report this end-to-end QoS flow in “sl-E2E-QoS-InfoList-r18”.
Therefore, when the gNB receives the 1st SidelinkUEInformationNR message, it will configure QoS-flow-to-SLRB mapping in RRCReconfiguration to the source remote UE. Then, the source remote UE is able to share the SLRB mapping and QoS flow information to the relay UE together. After split QoS result(s) are sent back by L2 U2U Relay UE, the Source Remote UE will send another SUI for per-hop QoS report in “sl-PerHop-QoS-InfoList-r18”. Thus, Alt 1 does not add a new SUI request to get QoS flow-to-SLRB mapping, but just reusing the same first SUI message required according to the existing procedure flow. There are also two SUI message transmissions as currently requested by clause 5.8.3.2 even if Alt 2 is used. Hence, it is wrong to assume Alt 2 will save one SUI triggering for CONNECTED remote UE. It is the same number of SUI requests for both Alt 1 and Alt 2.
Observation 5	Regarding the SUI message triggering, both Alt 1 and Alt 2 will trigger two SUI messages from CONNECTED source Remote UE (one before QoS Split, one after QoS split). 

Finally, regarding the ASN.1 overhead, based on the assumption that “ sl-QoS-FlowIdentity “ (QFI) is a per-UE identifier to be used for all QoS flows across different target Remote UE destinations, so there is no ambiguity for a remote UE to understand which QFI is associated with which destination and which end-to-end SLRB when processing UEInformationResponseSildeink message.  Then, there is no need to modify the current ASN.1 format of UEInformationResponseSidelink message. The change of UEInformationRequestSidelink message to add SLRB information is also very minimal, with the following two options for consideration:
Option 1: Add the associated SLRB information directly into per-flow QoS information:

UEInformationRequestSidelink-r18-IEs ::= SEQUENCE {
    sl-E2E-QoS-ConnectionListPC5-r18        SEQUENCE (SIZE (1.. maxNrofSL-Dest-r16)) OF SL-E2E-QoS-ConnectionPC5-r18 OPTIONAL, -- Need N
    lateNonCriticalExtension                 OCTET STRING                                                             OPTIONAL,
    nonCriticalExtension                     SEQUENCE {}                                                              OPTIONAL
}

SL-E2E-QoS-ConnectionPC5-r18 ::=         SEQUENCE {
        sl-DestinationIdentityRemoteUE-r18   SL-DestinationIdentity-r16,
        sl-QoS-InfoList-r18                  SEQUENCE (SIZE (1..maxNrofSL-QFIsPerDest-r16)) OF SL-QoS-Info-r16r18
}

SL-QoS-Info-r18 ::=                    SEQUENCE {
sl-QoS-FlowIdentity-r18              SL-PQFI-r16,
sl-e2eRBIndex-r18                    SLRB-PC5-ConfigIndex-r16,
    sl-QoS-Profile-r16                   SL-QoS-Profile-r16                                                          
}


Option 2: Add a separate QFI-to-SLRB mapping list per target destination:

UEInformationRequestSidelink-r18-IEs ::= SEQUENCE {
    sl-E2E-QoS-ConnectionListPC5-r18        SEQUENCE (SIZE (1.. maxNrofSL-Dest-r16)) OF SL-E2E-QoS-ConnectionPC5-r18 OPTIONAL, -- Need N
    lateNonCriticalExtension                 OCTET STRING                                                             OPTIONAL,
    nonCriticalExtension                     SEQUENCE {}                                                              OPTIONAL
}

SL-E2E-QoS-ConnectionPC5-r18 ::=         SEQUENCE {
        sl-DestinationIdentityRemoteUE-r18   SL-DestinationIdentity-r16,
        sl-QoS-InfoList-r18                  SEQUENCE (SIZE (1..maxNrofSL-QFIsPerDest-r16)) OF SL-QoS-Info-r16
		sl-QoS-SLRB-Mapping-r18              SEQUENCE (SIZE (1..maxNrofSLRBPerDest-r16)) OF SLRB-MappingConfig-r18

}

SLRB-MappingConfig-r18::=               SEQUENCE {
    slrb-PC5-ConfigIndexU2U-r18                SLRB-PC5-ConfigIndex-r16,
    sl-MappedQoS-FlowsU2U-r18                  SEQUENCE (SIZE (1.. maxNrofSL-QFIsPerDest-r16)) OF SL-QoS-FlowIdentity-r16      
}

As can be seen, either of the above options has very straight-forward changes to include the missing SLRB mapping information and has very limited ASN.1 impact.
Observation 6	Alt 1 has very minimum ASN.1 change involved (minor change in the format of  UEInformationRequestSidelink, no change in UEInformationResponseSidelink). 
Based on the above discussions, we propose:
Proposal 1	RAN2 choose Alt 1 (UEInformationRequestSidelink) to convey QoS flow-to-SLRB mapping information from source Remote UE to Relay UE.   
Proposal 2	RAN2 decide which Option 1 or 2 above to implement the ASN.1 change in UEInformationRequestSidelink.   
2.2 End-to-end SLRB Index maintained in L2 U2U relay UE
For the following proposal:

Proposal 5: For an E2E SLRB, source remote UE configures the same value of SLRB index to Relay UE and target Remote UE. FFS: for the same SLRB, the relay UE is allowed to set different value of SLRB index in SUI from what it received from remote UE (related to H064).
First, the relay UE’s knowledge of end-to-end SLRB comes from the Source remote UE and shall always be aligned with the remote UE’s understanding of end-to-end SLRB. It is very clear that the SLRB-PC5-ConfigIndex is the SLRB index used by the remote UE in end-to-end PC5-RRC message towards a target remote UE when establishing end-to-end SL DRB(s), then it is obvious that it need to inform the relay UE about any end-to-end SLRB with the same index value for relay operation.
Observation 7	SLRB-PC5-ConfigIndex is used by both Remote UE and Relay UE for identifying an end-to-end SLRB for relay operation. 
The intriguing part here is that the SLRB-Uu-ConfigIndex is used by NW to configure the QoS-flow-to-SLRB mapping to the source remote UE. If this NW configuration is available in the source Remote UE, but end-to-end SL-DRB has not been established yet via end-to-end PC5-RRC signaling, should the remote UE report this SLRB mapping with “SLRB-Uu-ConfigIndex “ to the relay UE? We think no, because if the remote UE does this, the relay UE will be confused and assume those index in the SLRB mappings are actually “SLRB-PC5-ConfigIndex”, which is a different value range [4-31] according to the agreement below in RAN2#124 [3]. Note that the SLRB-Uu-ConfigIndex can be configured by gNB in the ragne of [1-512].
	Agreement:   
 - The Tx Remote UE informs the SLRB configuration index (i.e., slrb-PC5-ConfigIndex) to the relay UE via PC5-RRC.
-  BEARER ID is set to the 5 LSBs of PC5 configuration index.  Range definition between 4..31 vs. 5..32 to be checked in CR implementation.


Observation 8	SLRB-PC5-ConfigIndex is in the different value range with SLRB-Uu-ConfigIndex. 
Actually, this also violates the above agreement that remote UE shall share slrb-PC5-ConfigIndex to the relay UE via PC5-RRC, not slrb-Uu-ConfigIndex.
Therefore, we think it is logical to assume that the SLRB mapping sharing between remote UE and relay UE only occurs after SL-DRB has been established and SLRB-PC5-ConfigIndex is available.
Observation 9	Remote UE only shares the SLRB mapping (with SLRB-PC5-ConfigIndex) after end-to-end SL-DRB has been established and after SLRB-PC5-ConfigIndex is available. 
Then it is evident that RAN2 shall not support the FFS part: for the same SLRB, the relay UE is allowed to set different value of SLRB index in SUI from what it received from remote UE, because the index relay UE received from the remote UE is exactly the same one to be used to represent an end-to-end SLRB. There is no reason for relay UE to create a separate index for SUI reporting.
Proposal 3	Relay UE shall not be allowed to set different value of SLRB index in SUI from what it received from remote UE.
Then, regarding the proposal 6 below:
Proposal 6: FFS whether to clarify that IE SLRB-Uu-ConfigIndex can be reported by Relay UE, or introduce a new IE for SLRB ConfigIndex to address O428.
Based on the above analysis, it is clear that this FFS targets an invalid scenario which has been exclude by the prior RAN2#124 agreement and above proposal 3. So, we do not need to agree this.
Proposal 4	Instead of SLRB-Uu-ConfigIndex or a new IE, SLRB-PC5-ConfigIndex shall be used in SUI report of relay UE for sl-RemoteUE-SLRB-Identity-r18 in SL-PerSLRB-QoS-Info-r18 .





3 Conclusion
In this contribution, we discuss the remaining ASN.1 issues for Layer-2 UE-to-UE relay design, and have the following observations:
Observation 1	To generate 2nd-hop QoS per-end-to-end SLRB (and report this in SUI message to gNB for Connected Relay UE), the relay UE need both the QoS Flow to SLRB mapping and per-flow QoS information.   
Observation 2	After QoS Split, the relay UE shall be able to operate solely based on Per-RB information for SRAP configuration and shall not be required to remember or maintain information of e2e QoS flows.   
Observation 3	Alt 2 has much larger specification impact because the processing of UEInformationRequestSidelink and RRCReconfigurationSidelink would be entangled.
Observation 4	Alt 2 will generate twice the signalling overhead in PC5 interface than Alt 1. 
Observation 5	Regarding the SUI message triggering, both Alt 1 and Alt 2 will trigger two SUI messages from CONNECTED source Remote UE (one before QoS Split, one after QoS split). 
Observation 6	Alt 1 has very minimum ASN.1 change involved (minor change in the format of  UEInformationRequestSidelink, no change in UEInformationResponseSidelink). 
Observation 7	SLRB-PC5-ConfigIndex is used by both Remote UE and Relay UE for identifying an end-to-end SLRB for relay operation. 
Observation 8	SLRB-PC5-ConfigIndex is in the different value range with SLRB-Uu-ConfigIndex. 
Observation 9	Remote UE only shares the SLRB mapping (with SLRB-PC5-ConfigIndex) after end-to-end SL-DRB has been established and after SLRB-PC5-ConfigIndex is available. 

Then, we have the following proposals:
Proposal 1	RAN2 choose Alt 1 (UEInformationRequestSidelink) to convey QoS flow-to-SLRB mapping information from source Remote UE to Relay UE.   
Proposal 2	RAN2 decide which Option 1 or 2 above to implement the ASN.1 change in UEInformationRequestSidelink.   
Proposal 3	Relay UE shall not be allowed to set different value of SLRB index in SUI from what it received from remote UE.
Proposal 4	Instead of SLRB-Uu-ConfigIndex or a new IE, SLRB-PC5-ConfigIndex shall be used in SUI report of relay UE for sl-RemoteUE-SLRB-Identity-r18 in SL-PerSLRB-QoS-Info-r18 .
4 References
[1] R2-2402682, Report of [Post125][417][Relay] Rel-18 relay RRC open issues, Huawei
[2] TS 38.331v18.1.0
[3] Chairman’s Notes. RAN2#124, Chicago, USA


