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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
[bookmark: _GoBack]In the last RAN2 meeting, there were some discussions on adaptation layer. There were related agreements as follows [1]:
Agreements:
Proposal 4: Relay UE has a single PC5 adaptation layer entity shared for multiple remote UEs.
Proposal 6: For Uu hop, rely on LCID to differentiate relay and non-relay traffic, i.e., no impact to adaptation layer design.
Proposal 7 (modified): For PC5 hop, rely on L2-ID to differentiate relay and non-relay traffic, i.e., no impact to adaptation layer design.
Proposal 9: header should be bytes alignments with additional R bits.
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.
Agreements:
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.
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.
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.
Agreements:
Proposal 1: For DL bearer mapping, relay UE is configured by gNB, for each remote UE, with a mapping from Uu E2E bearer ID in Uu adaptation layer header to egress PC5 RLC channel ID/LCID.
Proposal 2: For UL bearer mapping, relay UE is configured by gNB, for each remote UE, with a mapping from Uu E2E bearer ID used in PC5 adaptation layer header to egress Uu RLC channel ID/LCID.
Proposal 3: For UL bearer mapping, remote UE is configured by gNB with a mapping from Uu E2E bearer ID to egress PC5 RLC channel ID/LCID.
FFS detailed signalling design.
In this contribution, we give further analyses and proposals on the adaptation layer design for L2 SL relay from the following perspectives, covering the above remaining issues from last meeting:
· E2E SRB0 delivery in PC5 interface;
· SUI differentiation between relay and non-relay purpose;
· Left issue for local Remote UE ID reconfiguration;
· Detailed signaling design for bearer mapping, including whether Spec impact is needed for E2E SRB/DRB differentiation;
· Adaptation layer header format, including whether to have control PDU or not;
2. Discussion
2.1. E2E SRB0 delivery in PC5 
In RAN2 #115e, adaptation layer on PC5 was agreed to be supported for bearer mapping only, and it was concluded that adaptation layer is not present over PC5 hop for Uu SRB0. In our understanding, Remote UE’s Uu SRB0 is the first message over the relay link. The serving gNB of the Relay UE & Remote UE cannot provide dedicated configuration for the mapping between Uu SRB0 and PC5 RLC channel, since the Remote UE has not entered RRC_Connected mode before SRB0. Also, it is not allowed for the Relay UE to provide such a dedicated mapping, since the general principle for L2 relaying is that the serving gNB is responsible for all dedicated configurations. Hence, there would be only two potential options to implement this mapping between Remote UE’s Uu SRB0 and PC5 RLC channel. Considering that we agreed earlier to depend on a specified (fixed) configuration for the PC5 RLC channel carrying Uu SRB0, these options are mainly related to PC5 LCID assignment:
Option 1: Specified mapping in the specification, e.g. pre-defined PC5 LCID associated with Remote UE’s Uu SRB0;
Option 2: Configured mapping in the SIB by serving gNB, e.g. configured PC5 LCID for Remote UE’s Uu SRB 0.
Somebody may consider the potential flexibility for option 2 as it relies on NW configuration, but we do not think it is very necessary. Option 1 is simpler. Hence, we prefer option 1. 
Furthermore, from the SRB0 identification perspective, this specific mapping between Uu SRB0 of the Remote UE and the specified PC5 RLC channel should be a 1-to-1 mapping; otherwise, there is no other methods to distinguish Uu SRB0 from other Uu/PC5 RBs, if this specified PC5 RLC channel is shared by multiple RBs. These analyses are applicable for both UL SRB0 and DL SRB0. In addition, the specified PC5 RLC channel for Uu SRB0 should be in bi-directional RLC UM mode.
Based on the above analyses, we propose:
Proposal 1： The mapping between Uu SRB0 (UL & DL) of the Remote UE and the associated PC5 RLC channel is 1-to-1 mapping.
Proposal 2： The mapping between Uu SRB0 of the Remote UE and PC5 RLC channel is fixed in the Spec via a specified PC5 LCID.
Proposal 3： The specified PC5 RLC channel for Uu SRB0 should be in bi-directional RLC UM mode.
2.2. SUI differentiation between relay and non-relay purpose
In the last meeting, RAN2 agreed that the 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 L2 ID via SUI message to the gNB and before forwarding the first UL SRB0 message towards the Remote UE. The remaining issue is how the gNB differentiates whether an SUI is reported for the purpose of legacy PC5 TX resource request and/or for the SL relay purpose. 
In Rel-13 LTE D2D, when Relay related SL communication and discovery were introduced, there were new fields added as extensions into SUI. Remote UE and Relay UE involving in Relay related SL communication/discovery reports necessary information to the gNB via the relay specific fields, as follows.
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We think this manner in LTE SUI can be inherited in NR SUI without big problems. Specifically, the newly added SL relay specific fields in the NR SUI includes the information necessary for SL relay purpose (e.g. Relay specific L2 ID), whereas the legacy fields include the information necessarily reported for non-relay related NR SL communications.  When a UE reports SUI including the SL relay specific fields, the gNB gets to know that the UE is a Relay/Remote UE performing SL relay on the corresponding unicast link, and provides relay specific configurations (e.g. local remote UE ID, bearer mapping for L2 relay) to the Relay/Remote UE accordingly. 
Proposal 4： Introduce SL relay specific fields as extensions into existing NR SUI. A Remote/Relay UE includes necessary information for relay related communication/discovery in the relay specific field (e.g. Relay specific L2 ID), enabling the gNB to identify whether the SUI is sent for SL relay purpose. 
2.3. Left issues for local Remote UE ID reconfiguration
Another issue is about local Remote UE ID reconfiguration. Related RAN2 agreements show that gNB can update the local Remote UE ID based on its implementation, and can even perform local Remote UE ID update (based on its implementation) independently of the PC5 unicast link L2 ID update procedure of Remote UE’s own. Our concern is how to avoid and handle some error cases, e.g. poetneially unknown L2 ID issue caused when the PC5 unicast link L2 ID update procedure and local Remote UE ID update coincide with each other. For example, a Relay UE just completes PC5 unicast link L2 ID update, but coincidentally receives a local Remote UE ID reconfiguration for the previous Remote UE L2 ID before the Relay UE is able to report the new Remote L2 ID to its serving gNB. In this case, the local Remote UE ID reconfiguration procedure actually fails (by pointing to a Remote UE L2 ID no more existing), and Relay UE should report new remote L2 ID to the serving gNB immediately to get a new local Remote UE ID allocated. 
From our perspective, such an exceptional case may be handled by UE implementation. For example, the Relay may store both the new L2 ID and the old L2 ID, and associates the updated local remote UE ID referring to the old L2 ID to the new L2 ID. This can be simply recorded as a note in the Spec without other Specified solution further needed.  
Proposal 5： RAN2 to capture a NOTE and leave it to Relay UE implementation to handle the exceptional case where the PC5 unicast link L2 ID update procedure and local Remote UE ID update procedure coincide. No other Spec impact is needed.
2.4. Bearer mapping related issues
2.4.1 PC5/Uu LCID or PC5/Uu RLC channel ID
In IAB, bearer mapping configuration is performed via both RRC signalling and F1AP signalling. Hence, there are two channel IDs, i.e. BH-LogicalChannelIdentity and BH-RLC-ChannelID, where the former is mainly used in Uu interface especially for MAC layer and the latter can be used in F1AP procedure. Furthermore, 1-to-1 mapping between UE E2E RB and backhaul RLC channel is supported. The maximum numbers of BH RLC channels and BH logical channels are 65536, i.e. 16-bit length.
In L2 SL relay architecture, the first issue is whether extended number of RLC/logical channels should be supported in Uu and/or in PC5. In our understanding, only one Remote UE’s services are involved on a given PC5 link specific to Relay. Even if coexistence between relay services and non-relay services occurs at the same UE, total number of service types is limited. Hence, extending number of RLC/logical channels in PC5 interface is not necessary. For Uu interface, a Relay UE can support multiple Remote UEs’ services, e.g. 32 (maximum Remote UE number) * 32 (maximum DRB number per UE) = 1024. In order to support better fairness of scheduling and handling, 1-to-1 mapping between a E2E Remote UE RB and Uu RLC channel and extended number of Uu RLC channels may be needed. As in current Uu, extended number of logical channel ID depends on UE capability. Whether to configure extended number of Uu RLC/logical channel can be also dependent on Relay UE’s capability.
Proposal 6： Extended PC5 RLC/logical channel number, e.g. larger than 16, is not needed in PC5.
Proposal 7： Whether to configure extended number of Uu RLC/logical channel, e.g. larger than 32, depends on Relay UE’s capability.
The second issue is whether two channel IDs are needed in L2 SL relay architecture, e.g. RLC channel ID and logical channel ID. First of all, Uu/PC5 logical channel IDs are necessary for legacy Uu/PC5 procedure, especially in the MAC layer. Based on the latest RAN2 agreements, bearer mapping for Remote UE and Relay UE are all configured by RRC procedures from the serving gNB. It is up to serving gNB implementation to configure the bearer mapping between Remote UE’s Uu E2E RB ID and Uu/PC5 logical channel ID. It is feasible and simple to only rely on Uu/PC5 logical channel ID for E2E bearer to Uu/PC5 RLC channel mapping, and no Uu/PC5 RLC channel ID needs to be further introduced for the SL relay purpose with no motivation as in IAB actually foreseen. 
Proposal 8： The Uu/PC5 logical channel ID is used for bearer mapping configuration between Uu E2E bearers and Uu/PC5 RLC channels. No Uu/PC5 RLC channel ID needs to be introduced for SL relay purpose.
2.4.2 Handling of E2E bearer belonging to different PDU sessions 
The next issue is whether bearer mapping restriction in Uu interface, i.e. QoS flows belonging to different PDU sessions cannot be mapped to the same DRB, will have impact on Uu RLC channel mapping for L2 relay. The above Uu bearer mapping restriction is used to guarantee service continuity when separate PDU session handover occurs. PDCP functions, especially for RLC AM, can guarantee data lossless, when all QoS flows of one PDCP entity can be handed over as a whole. Hence there is no doubt that same bearer mapping restriction will be reused in the mapping between QoS flows to E2E Uu DRBs at the remote UE, i.e. QoS flows belonging to different PDU sessions cannot be mapped into the same E2E Uu DRB.
However, when mapping Remote’s E2E DRBs to Relay’s Uu RLC channels, such a “same-PDU-session-only” mapping restriction is not needed any longer. Since a Uu RLC channel only has the RLC entity without a PDCP entity, service continuity and lossless are not needed at this level. Hence, mapping the QoS flows of different PDU sessions into the same Uu RLC channel can be supported. Otherwise, the benefit of bearer aggregation in Uu RLC channel would largely vanish, and Uu LCID number needed by a Relay UE will become excessively huge when multiple remote UEs connect to it.
Proposal 9： Different E2E DRBs from one remote UE or from different remote UEs, which belong to different PDU sessions, can be mapped to the same Uu RLC channel at the relay UE.
2.4.3 SRB/DRB differentiation via bearer mapping 
Regarding below agreement, there is still an FFS on whether/what Spec impact is needed for E2E SRB/DRB differentiation via bearer mapping. 
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.
Our understanding of the above agreement is that the UP based solution, i.e. including RB type (SRB vs. DRB) in a per SRAP PDU manner, has been excluded, and the E2E SRB and E2E DRB of a Remote UE will neither share a PC5 RLC channel nor share a Uu RLC channel at the Relay UE. Therefore, when the Relay UE receives an SRAP PDU from a Remote UE (UL direction), it can tell whether the SRAP PDU is for E2E SRB or DRB via the corresponding PC5 LCID, and then maps the SRAP SDU further into the Uu RLC channel supporting the corresponding RB type; then at the gNB side, it judges whether the received SRAP PDU is for the Remote’s SRB or DRB via corresponding Uu LCID. Similar situation holds for DL direction. 
Therefore, if we follow previous RAN2 agreements to completely rely on bearer mapping configuration for Remote’s E2E SRB/DRB differentiation, we have the following two observations:
· That not any E2E SRB and E2E DRB can be mapped to the same PC5 RLC channel or to the same Uu RLC channel needs to be specified in the Spec for bearer mapping configuration. 
· The Relay UE needs to be made aware of the RB type associated with each PC5 LCID for UL direction, and the RB type associated with each Uu LCID for DL direction (so to decide to which egress Uu/RLC RLC channel the received SRAP PDU to be mapped respectively). 
We thus have the following proposals:
Proposal 10： If the previous agreement to rely on completely bearer mapping configuration for E2E SRB and DRB differentiation is followed:
· the requirement that a E2E DRB and a E2E SRB cannot be mapped to the same PC5 RLC channel or the same Uu RLC channel may need to be specified;
· Relay UE may need to be made aware of the RB type associated with each PC5 LCID and that associated with each Uu LCID for the relay link respectively. 
2.5. Header format 
The main function of adaptation layer is to support bearer aggregation. And the key difference between Uu and PC5 adaptation layer is whether aggregation of Uu RBs from different Remote UEs is supported or not. In order to differentiate E2E RBs of different Remote UEs in Uu, the Remote UE ID and E2E RB ID are needed in the header of the adaptation layer PDU. However, in PC5 adaptation layer header, only E2E RB ID is needed.
In RAN2#113bis-e meeting, E2E RB ID was agreed to be included in the adaptation layer header, i.e. 5-bit length. The length of local Remote UE ID represents the maximum number of Remote UEs to which a Relay UE can provide relaying services simultaneously.
In NR SL, maximum number of destinations for NR sidelink communication is 32, i.e. 5-bit, as specified in TS38.331:
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Furthermore, for a mode 1 TX UE (which may correspond to a mode-1 Relay UE in SL Relay case), the field of Destination Index in SL-BSR is also 5-bit length.
	

Figure 6.1.3.33-1: SL-BSR and Truncated SL-BSR MAC control element
-	Destination Index: The Destination Index field identifies the destination. The length of this field is 5 bits. The value is set to one index corresponding to SL-DestinationIdentity associated to same destination reported in SL-TxResourceReqList. The value is indexed sequentially from "0" in the same ascending order of SL-DestinationIdentity in SL-TxResourceReqList as specified in TS 38.331;


Hence, in order to maintain compatibility and uniformity with legacy NR sidelink mechanisms, it is a reasonable way to use a 5-bit length local Remote UE ID.
Proposal 11： The length of local Remote UE ID is 5 bits.
When more than one E2E RBs of the Remote UE (except for SRB0) are mapped into one PC5 RLC channel, PC5 adaptation layer is needed to distinguish E2E RBs. Since RAN2 agreed that bearer mapping is the only function of PC5 adaptation layer, the header of PC5 adaptation layer should only include one field of 5-bit E2E RB ID and the agreed D/C field. Other bits are used as reserved bits for byte alignment in this release. 


Figure 1 Header format in Uu



Figure 2 Header format in PC5
Proposal 12： RAN2 to agree the above adaptation layer header formats in Figure 1 and 2 for Uu and PC5.
The last issue is whether any SRAP control PDU is needed in this release, corresponding to the following FFS:
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.
Note that the PC5 SRAP layer was agreed to support bearer mapping only in this release, with the following agreement in RAN2 #115e:
Agreement:
Support the adaptation layer on PC5 for bearer mapping only.
So, any PC5 SRAP functions or data formats that are not related to bearer mapping shall not be supported or even further discussed in this release. Obviously, not any SRAP Control PDU is needed for the purpose of bearer mapping in PC5. Therefore, at least PC5 SRAP control PDU is not needed in this release. Not any motivation/use case was ever identified to introduce a Uu SRAP control PDU only in this release either. We make the following proposals accordingly. 
Proposal 13： Neither Uu SRAP control PDU nor PC5 SRAP control PDU is needed in this release. 
Proposal 14： RAN2 does not pursue any PC5 SRAP functions/formats other than bearer mapping in this release.
3. Conclusion
In this contribution, we give further analyses and solutions on adaptation layer.  Based on the discussion, we have the following proposals:
Proposal 1： The mapping between Uu SRB0 (UL & DL) of the Remote UE and the associated PC5 RLC channel is 1-to-1 mapping.
Proposal 2： The mapping between Uu SRB0 of the Remote UE and PC5 RLC channel is fixed in the Spec via a specified PC5 LCID.
Proposal 3： The specified PC5 RLC channel for Uu SRB0 should be in bi-directional RLC UM mode.
Proposal 4： Introduce SL relay specific fields as extensions into existing NR SUI. A Remote/Relay UE includes necessary information for relay related communication/discovery in the relay specific field (e.g. Relay specific L2 ID), enabling the gNB to identify whether the SUI is sent for SL relay purpose. 
Proposal 5： RAN2 to capture a NOTE and leave it to Relay UE implementation to handle the exceptional case where the PC5 unicast link L2 ID update procedure and local Remote UE ID update procedure coincide. No other Spec impact is needed.
Proposal 6： Extended PC5 RLC/logical channel number, e.g. larger than 16, is not needed in PC5.
Proposal 7： Whether to configure extended number of Uu RLC/logical channel, e.g. larger than 32, depends on Relay UE’s capability.
Proposal 8： The Uu/PC5 logical channel ID is used for bearer mapping configuration between Uu E2E bearers and Uu/PC5 RLC channels. No Uu/PC5 RLC channel ID needs to be introduced for SL relay purpose.
Proposal 9： Different E2E DRBs from one remote UE or from different remote UEs, which belong to different PDU sessions, can be mapped to the same Uu RLC channel at the relay UE.
Proposal 10： If the previous agreement to rely on completely bearer mapping configuration for E2E SRB and DRB differentiation is followed:
· the requirement that a E2E DRB and a E2E SRB cannot be mapped to the same PC5 RLC channel or the same Uu RLC channel may need to be specified;
· Relay UE may need to be made aware of the RB type associated with each PC5 LCID and that associated with each Uu LCID for the relay link respectively. 
Proposal 11： The length of local Remote UE ID is 5 bits.
Proposal 12： RAN2 to agree the above adaptation layer header formats in Figure 1 and 2 for Uu and PC5.
Proposal 13： Neither Uu SRAP control PDU nor PC5 SRAP control PDU is needed in this release. 
Proposal 14： RAN2 does not pursue any PC5 SRAP functions/formats other than bearer mapping in this release.
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