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Introduction
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]On the past RAN2 meetings, the issues of SDAP were discussed and reached the following agreements:
	SDAP layer is needed at least for NR SL unicast, performing PC5 QoS flow to SLRB mapping. SDAP layer is not needed for per-packet QoS model, e.g. broadcast.

	Agreements on SDAP: 
1:    No need of reflective QoS.
2:    FFS on the need of RX UE awareness of QFI.


In this contribution, we will further discuss the remaining open issues for SDAP, which includes:
· Issue 1: Whether SDAP layer is needed for NR SL broadcast and groupcast?
· Issue 2: What is the granularity of NR SL SDAP entity?
· Issue 3: How to establish and release the NR SL SDAP entity?
· Issue 4: Which SDAP parameter should be configured during the SLRB configuration procedure?
· Issue 5: Whether the Rx UE should be aware of the PFI? 
· Issue 6: What is the format of NR SL SDAP PDU?
Discussion
SDAP for NR SL broadcast and groupcast
On RAN2#105 meeting, it was agreed that SDAP layer is needed at least for NR SL unicast. On the last RAN2 meeting, it was agreed to adopt flow-based QoS model for all cast types.  Hence, SDAP layer should also be applicable for NR SL broadcast and groupcast in order to perform PC5 QoS flow to SLRB mapping.
[bookmark: _Ref16770800]Proposal 1: For NR SL broadcast and groupcast, SDAP layer should be supported.
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]Granularity of NR SL SDAP entity
According to [1], for NR Uu, each SDAP entity is corresponding to one PDU session, and each QoS flow is marked by PDU session and QFI. 
But for NR SL, the PC5 QoS model is as below [2]:
	[image: ]
Figure 5.4.1.1.1-1: Per-Flow PC5 QoS Model for NR PC5
For V2X communication over NR PC5 reference point, the PC5 QoS Flow is the finest granularity of QoS differentiation in the same destination identified by Destination Layer-2 ID. User Plane traffic with the same PFI receives the same traffic forwarding treatment (e.g. scheduling, admission threshold). The PFI is unique within a same destination. The UE assigns PFI based on the PC5 QoS parameters derived for V2X service.
Editor's note: It is FFS whether PFI and the corresponding PC5 QoS parameters need to be exchanged over PC5-S messages between two UEs for unicast link.
The UE maintains mapping of PFI to PC5 QoS parameters and the V2X service in a context per destination identified by Destination Layer-2 ID. When the UE assigns a new PFI for V2X service, the UE stores it with the corresponding PC5 QoS parameters and the V2X service (e.g. PSID or ITS-AID) in the context for the destination. When the UE releases the PFI, the UE removes it from the context for the destination. The context enables for the UE to determine whether PFI for the V2X packet for any V2X service from the V2X application layer exists already or new PFI needs to be assigned for the V2X packet. For unicast, the Unicast Link Profile defined in clause 5.2.1.4 can be used as a context to store the PFI information.
The V2X layer provides the PFI and the corresponding PC5 QoS parameters to AS layer for Per-flow QoS model operations.



According the above description, it is obvious that PDU session is not used for NR SL, and instead, Destination L2 ID is used. PFI is assigned by UE itself uniquely within a same destination. That is to say:
· For NR SL Tx UE, each PC5 QoS flow is marked with the Destination L2 ID and PFI. Hence, it is obvious that the granularity of SDAP entity for NR SL Tx UE should be per Destination L2 ID.
· For NR SL Rx UE, different from the SL Tx UE, each PC5 QoS flow should be marked with Source L2 ID, Destination L2 ID and PFI since the Rx UE may have connections with many source UE. Hence it is obvious that the granularity of SDAP entity for NR SL Rx UE should be per Source L2 ID and Destination ID combination.
In order to unify the description for both Tx UE and Rx UE, we can use Source L2 ID and Destination L2 ID combination to identify each SDAP entity. Based on this understanding, the SDAP structure for NR SL Tx or Rx UE can be common, and which is shown in the following Figure-1:

 
[bookmark: OLE_LINK13][bookmark: OLE_LINK14]Figure-1 NR SL SDAP sublayer structure 
[bookmark: _Ref16770804]Proposal 2: For NR SL Tx or Rx UE, each SDAP entity is identified by the combination of Source Layer-2 ID and Destination Layer-2 ID.
NR SL SDAP entity establishment and release
According to [1], SDAP entity handling includes the SDAP establishment and release. Before discussing how to perform the NR SL SDAP entity handling, we can first look back how the SDAP entity is handled in Uu interface. 
For NR Uu, according to [1] and [3], the NR Uu SDAP establishment and release are all handled based on RRC requests. The detailed RRC requests for SDAP entity establishment and release are listed below:
· RRC request for SDAP entity establishment:
· When performing DRB addition, if sdap-Config is included and the SDAP entity corresponding to the pdu-session does not exist, establish the SDAP entity (section 5.3.5.6.5 of [3]).
· RRC requests for SDAP entity release:
· For RRC reestablishment or RRC resume, if the UE context cannot be retrieved and the network responds with an RRCSetup, all the SDAP entity should be released (section 5.3.3.4 of [3]).
· If there is no associated DRB, the corresponding SDAP entity should be released (section 5.3.5.6.1 of [3]).
· When full configuration is performed, for each pdu-Session that is part of the current UE configuration, UE should release the SDAP entity (section 5.3.5.6.4 of [3] and section 5.4.3.4 of [3]).
· When UE goes into RRC_IDLE, UE should release all the SDAP entities (section 5.3.11 of [3]).
Observation 1: For NR Uu, the SDAP handlings, including the SDAP entity establishment and release, are all based on RRC requests.
Observation 2: For NR Uu, the SDAP entity is established when DRB addition (with sdap-Config).
Observation 3: For NR Uu, the SDAP entity is released when any of the following conditions is met:
· Network responses RRCSetup for RRC reestablishment or RRC resume;
· No associated DRB;
· Full configuration;
· UE goes into RRC_IDLE.

For NR SL, there are some differences compared with NR Uu, listed below:
· For NR Uu, the DRB configuration is only configured by network by dedicated RRC signaling. But for NR SL, the SLRB configuration can be configured not only by dedicated RRC signaling but also can be configured by SIB or pre-configuration;
· For NR Uu, OOC UE is not considered. But for NR SL, OOC UE should also be considered;
· For NR Uu, only unicast is supported. But for NR SL, both unicast and broadcast/groupcast need to be supported;
· For NR Uu, only the UE behavior needs to be specified. But for NR SL, both Tx UE and Rx UE should be considered.
Based on the above differences, we will further discuss how to establish and release the SDAP entity for NR SL Tx and Rx UE individually. The detailed analyses are as below:
· NR SL Tx UE SDAP entity establishment 
For NR SL Tx UE, similar as NR Uu, before UE performing SL data transmission, it should establish the related SLRBs first no matter which cast type is used. The SDAP entity establishment is accompany with the SLRB establishment procedure:
· For RRC_CONNECTED UE, the network will provide the SLRB configuration by RRC signaling. Upon UE’s RRC layer received the SLRB configuration, it should apply the SLRB configuration and if there is no corresponding SL SDAP entity, it should establish the related SL SDAP entity.
· For RRC_IDLE/INACTIVE UE, the network may provide SLRB configuration by SIB. Once the SL packet arrives, the UE’s RRC layer will establish the SLRB based on the SLRB configuration provided by SIB. If there is no corresponding SL SDAP entity, it should establish the related SL SDAP entity.
· For OOC UE, the SLRB configuration is preconfigured. Once the SL packet arrival, the UE’s RRC layer will establish the SLRB based on the preconfigured SLRB configuration. If there is no corresponding SL SDAP entity, it should establishthe related SL SDAP entity.
Based on the above analysis, it is proposed:
[bookmark: _Ref16770807]Proposal 3: For NR SL Tx UE, the SL SDAP entity establishment is handled based on RRC request no matter which cast type is used. 
[bookmark: _Ref16770815]Proposal 4: For NR SL Tx UE, the RRC request for SL SDAP establishment is that the SL SDAP entity should be established when SLRB addition and there is no corresponding SL SDAP entity.
· NR SL Tx UE SDAP entity release
For NR SL Tx UE, similar as the NR Uu, the SL SDAP entity release is also based on RRC requests. The detailed RRC requests should be further discussed. In our understanding, the following RRC requests should be considered for all cast types:
· Once UE performs RRC state transition or IC/OOC transition, the Tx SL SDAP should be release since the SLRB configuration will be changed, e.g., from RRC_CONNECTED to RRC_INACTIVE, it should use the SLRB configuration from SIB instead of the SLRB configuration from RRC signaling, which is similar as the full configuration of NR Uu. Hence the SL SDAP entity should be released;
· Once T310 is started, whether UE can still use the SLRB configuration from RRC signaling should be discussed. In our understanding, UE should not use it; instead, it can use the preconfigured SLRB configuration or SLRB configuration for exceptional case. Hence, the SL SDAP should also be released;
· For Uu full configuration, it means the SLRB configuration may also be updated. Hence, once UE receives the Uu full configuration, it should also release the current  SL SDAP entity;
· If all of the associated SLRBs are released, the SL SDAP entity should be release.
In addition, for NR SL unicast, some more RRC requests can be considered, listed below: 
· For NR SL unicast, if SL RLF, all the associated SDAP entity should be released.
[bookmark: _Ref16770824]Proposal 5: For NR SL Tx UE, the SL SDAP entity release is handled based on RRC requests no matter which cast type is used.
[bookmark: _Ref16770830]Proposal 6: For NR SL Tx UE, the RRC requests for SL SDAP release includes the following:
· RRC requests applicable for all SL cast type:
· UE performed RRC states transition or IC/OOC transition;
· T310 is started;
· Uu full configuration;
· All associated SLRB are released;
· For unicast, one additional RRC request can be considered:
· For NR SL unicast, SL RLF failure.
· NR Rx UE SL SDAP entity establishment
During the LTE SL discussion, on the RAN2#86 meeting, it was agreed that the PDCP/RLC entity establishment condition should be “Reception of first UMD PDU from a Source Layer 2 ID and Destination Layer 2 ID pair for an LCID, and there is not yet a corresponding receiving RLC entity”.
For NR SL broadcast and groupcast, the LTE rule can be reused for NR Rx UE SL SDAP entity establishment, that is once the first PDU from a Source Layer 2 ID and Destination Layer 2 ID pair is received, and there is no a corresponding SDAP entity, UE should perform SL SDAP entity establishment.
[bookmark: _Ref16770834]Proposal 7: For NR SL broadcast and groupcast, once the first PDU from a Source Layer 2 ID and Destination L2 ID pair is received and there is no corresponding SDAP entity, the Rx UE should establish the corresponding SDAP entity.
For NR SL unicast, considering there is SLRB configuration procedure in PC5-RRC, hence the SDAP entity can be established upon receiving the SLRB configuration from the peer Tx UE.
[bookmark: _Ref16770843]Proposal 8: For NR SL unicast, the Rx UE should establish the SDAP entity based on RRC request, e.g., upon receiving the SLRB configuration from the SL unicast peer UE.
· NR Rx UE SL SDAP entity release
For LTE SL, on the RAN2#86 meeting, regarding to the PDCP/RLC entity release, it was agreed that “Leave it up to UE implementation”. 
For NR SL broadcast and groupcast, the LTE rule can be reused.
For NR SL unicast, if the unicast connection failed or released, all the associated SDAP entity should be released.
[bookmark: _Ref16770849]Proposal 9: For NR SL broadcast and groupcast, the Rx UE SL SDAP entity release can be left to UE implementation similar as in LTE SL.
[bookmark: _Ref16770853]Proposal 10: For SL unicast, the Rx UE should release the SDAP entity based on RRC requests, e.g., the unicast link failure or the unicast connection released.
SDAP parameters in SLRB configuration
For NR Uu, the DRB related SDAP configuration includes:
SDAP-Config ::=                     SEQUENCE {
    pdu-Session                         PDU-SessionID,
    sdap-HeaderDL                       ENUMERATED {present, absent},
    sdap-HeaderUL                       ENUMERATED {present, absent},
    defaultDRB                          BOOLEAN,
    mappedQoS-FlowsToAdd                SEQUENCE (SIZE (1..maxNrofQFIs)) OF QFI                                 OPTIONAL, -- Need N
    mappedQoS-FlowsToRelease            SEQUENCE (SIZE (1..maxNrofQFIs)) OF QFI                                 OPTIONAL, -- Need N
    ...
}

QFI ::=                             INTEGER (0..maxQFI)

PDU-SessionID ::=                   INTEGER (0..255)

When discussing which SDAP parameters should be contained in SLRB configuration, we can take NR Uu parameters as baseline and further discuss which one should be removed or added:
· pdu-Session 
For NR Uu, QoS flow is marked by PDU-SessionID and QFI. The PDU-SessionID can be regarded as the SDAP entity identifier. 
For NR SL, as described in section 2.2, SL QoS flow is marked by Destination L2 ID and PFI, and the Destination L2 ID will be regarded as the SDAP entity identifier. Hence when performing SDAP configuration for SLRB, we can use Destination L2 ID of PDU-SessionID to identify the NR SL SDAP entity.
· [bookmark: OLE_LINK5][bookmark: OLE_LINK6]sdap-HeaderDL/sdap-HeaderUL
For NR Uu DL, whether sdap-HeaderDL is needed or not depends on whether NAS reflective or AS reflective QoS is used. If any of the two reflective QoS is used, the sdap-HeaderDL should be present; otherwise, it can be absent. 
For NR Uu UL, if multiple QoS flows are mapped to one DRB, this field should be present; otherwsie, it can be absent. The aiming for UE marking QFI for the UL packet is to facilitate the gNB to forward packets to the CN.
For NR SL, it was agreed that no need of reflective QoS, hence the SDAP header used for reflective QoS is not needed. In addition, there is also no data forwarding requirements for the Rx UE, hence the SDAP header for forwarding data is also not needed. 
· mappedQoS-FlowsToAdd/mappedQoS-FlowsToRelease
These two fields need are needed for NR SL to facilitate the NR V2X UE to decide how to perform the QoS flow to SLRB mapping in the SL.
[bookmark: _Ref16770856]Proposal 11: For RRC_CONNECTED UE, the SDAP parameters configured in the SLRB configuration should at least include:
· Destination L2 ID;
· MappedQoS-FlowstoAdd;
· MappedQoS-FlowstoRelease.

For IDLE/INACTIVE/OOC UE, the SLRB configuration is configured by SIB or preconfigured, there is no need to provide different PFI to SLRB mapping for different destination ID. Hence the destination ID can be optional.
[bookmark: _Ref16770862]Proposal 12: The destination L2 ID in the SLRB configuration for IDLE/INACTIVE/OOC UE can be optional.
PFI awareness by the Rx UE
In our understanding, there are two main motivations for let the Rx UE to be aware the PFI:
· Motivation 1: QoS monitoring;
· Motivation 2: QoS flow to SLRB remapping.
Regarding to the first motivation, for Uu V2X, there is QoS monitoring requirement from SA2. And QoS monitoring is performed by gNB and once QoS cannot be met, gNB will inform CN using QoS notification procedure. But for PC5 V2X, whether there is QoS monitoring requirement is unclear. It had better send LS to SA2 to check QoS monitoring should be supported for NR SL.
[bookmark: _Ref16770865]Proposal 13:  Send LS to SA2 to check whether QoS monitoring should be supported for NR SL.
Regarding to the second motivation, it should make clear whether NR SL should support QoS flow to SLRB remapping. The analysis is as below:
· If the UE is in RRC_CONNECTED state, the mapping between QoS flow to SLRB is configured by network through RRC signaling, it is possible for the network to perform the QoS flow to SLRB remapping.
· If the UE is in RRC_IDLE/INACTIVE state, the mapping between QoS flow to SLRB mapping is configured by network through SIB, it is also possible for the network to perform QoS flow to SLRB remapping.
· If UE is OOC, the QoS flow to SLRB mapping is preconfigured, it seems impossible to support the QoS flow to SLRB remapping.
[bookmark: _Ref16770868]Proposal 14: For NR SL, the QoS flow to SLRB remapping should be supported.
If QoS flow to SLRB remapping needs to be supported, in order to ensure the Rx UE can perform in-order delivery in SDAP layer, the Rx UE must know which PFI the received packet belongs. 
[bookmark: _Ref16770872]Proposal 15: In order to perform the QoS flow to SLRB remapping, Rx UE should be aware of the PFI of each SL packet.
SL SDAP PDU format
In NR Uu, SDAP layer has two types of PDU: SDAP Data PDU and SDAP Control PDU. For the SDAP Data PDU, there are multiple formats, e.g., with SDAP header and no SDAP header, for UL and for DL.
For NR SL, when discussing the NR SL SDAP PDU format, the following two issues should be addressed:
· Issue a: How to design the SDAP Data PDU?
For NR SL, reflective QoS is not supported, but QoS flow to SLRB remapping is needed, hence SDAP header should be supported in order to let the Rx UE aware the PFI of each SL packet. Hence, the same format as the NR Uu UL SDAP Data PDU can be reused, which is shown in Figure-2.


[bookmark: OLE_LINK15][bookmark: OLE_LINK16]Figure-2 NR SL Data PDU

[bookmark: _Ref16770874]Proposal 16: For NR SL, only one SL SDAP data PDU format is needed. It should include 1bit D/C field, one R bit and PFI in the SDAP header.
· Issue b: whether SDAP Control PDU is needed for NR SL and if it is needed, how to design it?
For NR Uu interface, End-Marker Control PDU is introduced. This End-Marker Control PDU is used to ensure SDAP layer in-order delivery when QoS flow to DRB remapping is performed. 
For NR SL, as described in section 2.5, QoS flow to SLRB remapping also needs to be supported, hence in order to ensure the Rx UE can perform in-order delivery in SDAP layer, the End-Marker Control PDU should also be supported for NR SL. The End-Marker Control PDU is shown in Figure-3, which is same as the NR Uu Ender-Marker Control PDU:



Figure-3 NR SL End-Marker Control PDU

[bookmark: _Ref16770877]Proposal 17: For NR SL, End-Marker Control PDU should be supported.
Conclusion
According to the analysis in section 2, it is proposed:
Proposal 1: For NR SL broadcast and groupcast, SDAP layer should be supported.
Proposal 2: For NR SL Tx or Rx UE, each SDAP entity is identified by the combination of Source Layer-2 ID and Destination Layer-2 ID.
Proposal 3: For NR SL Tx UE, the SL SDAP entity establishment is handled based on RRC request no matter which cast type is used. 
Proposal 4: For NR SL Tx UE, the RRC request for SL SDAP establishment is that the SL SDAP entity should be established when SLRB addition and there is no corresponding SL SDAP entity.
Proposal 5: For NR SL Tx UE, the SL SDAP entity release is handled based on RRC requests no matter which cast type is used.
Proposal 6: For NR SL Tx UE, the RRC requests for SL SDAP release includes the following:
· RRC requests applicable for all SL cast type:
· UE performed RRC states transition or IC/OOC transition;
· T310 is started;
· Uu full configuration;
· All associated SLRB are released;
· For unicast, one additional RRC request can be considered:
· For NR SL unicast, SL RLF failure.
Proposal 7: For NR SL broadcast and groupcast, once the first PDU from a Source Layer 2 ID and Destination L2 ID pair is received and there is no corresponding SDAP entity, the Rx UE should establish the corresponding SDAP entity.
Proposal 8: For NR SL unicast, the Rx UE should establish the SDAP entity based on RRC request, e.g., upon receiving the SLRB configuration from the SL unicast peer UE.
Proposal 9: For NR SL broadcast and groupcast, the Rx UE SL SDAP entity release can be left to UE implementation similar as in LTE SL.
Proposal 10: For SL unicast, the Rx UE should release the SDAP entity based on RRC requests, e.g., the unicast link failure or the unicast connection released.
Proposal 11: For RRC_CONNECTED UE, the SDAP parameters configured in the SLRB configuration should at least include:
· Destination L2 ID;
· MappedQoS-FlowstoAdd;
· MappedQoS-FlowstoRelease.
Proposal 12: The destination L2 ID in the SLRB configuration for IDLE/INACTIVE/OOC UE can be optional.
Proposal 13:  Send LS to SA2 to check whether QoS monitoring should be supported for NR SL.
Proposal 14: For NR SL, the QoS flow to SLRB remapping should be supported.
Proposal 15: In order to perform the QoS flow to SLRB remapping, Rx UE should be aware of the PFI of each SL packet.
Proposal 16: For NR SL, only one SL SDAP data PDU format is needed. It should include 1bit D/C field, one R bit and PFI in the SDAP header.
Proposal 17: For NR SL, End-Marker Control PDU should be supported.
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