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Based on the discussions in past few meetings, we have reached the following agreements for L2 U2N Adaptation layer design.
	· 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. 
· The radio bearer ID in the adaptation layer header is the Uu radio bearer ID of the remote UE. 
· 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. 
· 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.


In this proposal, we would like to have detailed analysis on the remaining issues on L2 U2N Adaptation layer design, e.g. necessity of PC5 Adaptation layer, bearer mapping, remote UE identification, etc.
2 Discussion
A technical specification dedicated to the adaptation layer for L2 sidelink relay was approved in 3GPP, i.e. TS 38.351. For this specification, we think title “Sidelink Relay Adaptation Protocol” is more proper compared to the current one “Sidelink Adaptation Layer Protocol”.
Proposal 1: The adaptation layer specification (TS 38.351) should be named as “Sidelink Relay Adaptation Protocol”, i.e. SRAP layer.
2.1 The necessity of Adaptation layer at PC5
One of the controversial issues was whether to support Adaptation layer at PC5 between Remote UE and Relay UE. The main motivations raised by the proponent companies are as follows.
a) Support N:1 mapping for remote UE Uu bearer to PC5 RLC channel;
b) Consistent support of multi-hop relay in a forward compatibility way;
c) Differentiated handling between non-relaying traffic and relaying traffic, e.g., exchanging adaptation layer control PDUs about link status between remote UE and relay UE;
d) Remote UE may also operate as relay UE, and should support Uu adaptation layer anyway.
Motivation a) is proposed mainly to enable flexible mapping, e.g., more than one Uu radio bearers with similar QoS requirement can share one PC5 RLC bearer and such functionality is beneficial to reduce LCID space. However, we think that the LCID space of the Relay UE is not the bottleneck. In NR sidelink the LCID space is maintained per PC5 RRC connection for unicast, instead of per UE and as specified in MAC specification, the LCID value ranges for Uu and PC5 are the same. Considering that both Uu radio bearers and PC5 RLC bearers are configured by RAN in UE-to-Network relay scenarios, it is not clear in which case RAN needs to configure more Uu radio bearers than PC5 RLC bearers if these Uu radio bearers can be mapped to one PC5 RLC bearer. 
With regard to motivation b), we should remember that multi-hop relay is not in the scope of current release [1] and we should minimize specification impact as much as possible due to the time limits. 
For the issue in motivation c), separate bearers can be used to distinguish the non-relaying traffic and the relaying traffic in Relay UE, which we will elaborate on in clause 2.3. Besides, any functionalities expect for bearer mapping and Remote UE identification are not in the scope of WID objective.
Finally, in case when Remote UE is also operate as relay UE (if allowed), what this UE supports is just the Uu adaptation layer, not the PC5 adaptation layer, as item d) states.
Above all, we do not see any strong technical reasons to support Adaptation layer at PC5 so far, and it will burden the specification workload. Therefore, we propose not to support the adaptation layer at PC5. 
Observation 1: No strong demand for the introduction of PC5 Adaptation layer.
Proposal 2: No adaptation layer is needed in the SL hop for UE-to-Network relay. 
2.2 Uu Adaptation layer functionality
2.2.1 Remote UE identification for Data routing
Multiple Remote UEs can access to the gNB via the same Relay UE, and further be mapped into the same Uu RLC bearer. To distinguish the Remote UEs, a UE identifier should be included in adaptation layer header which is added to PDCP PDU. As agreed in last meeting, the UE identifier is a local, temporary Remote UE ID.
1. Remote UE ID allocation
Reusing the method in LTE, the local identifier can be allocated by the Relay UE, which is able to uniquely identify one Remote UE in the scope of the Relay UE. 
Proposal 3: The Remote UE’s local ID is allocated by Relay UE, as in LTE, and uniquely identify one Remote UE in the scope of the Relay UE.
The local identifier is used as a reference to the specific Remote UE. The gNB should know the association between “Relay UE identification + local ID” and the specific Remote UE, in order to: 1) in the uplink data transmission, determine which PDCP entity an RLC SDU from an Uu RLC channel belongs to, and 2) in the downlink data transmission, add local identifier in an PDCP PDU that comes from an Remote UE’s E2E PDCP entity. Namely, this is necessary for the gNB to enable correct data routing when multiple Remote UEs share the same relay. 
Observation 2: gNB needs to be aware of the association between “Relay UE identification + local ID” and the specific Remote UE.
One good way to achieve Observation 2 is as follows. Relay UE allocates a unique identity to each Remote UE when it receives the Msg3 from the Remote UE. Then, the Relay UE adds the allocated ID into the adaption layer header of Msg3 data and delivers it to the gNB, so that the gNB can associate the remote UE ID with the local ID. 
Proposal 4: The local ID is allocated during Msg3 transmission, and included in the adaption layer header of Msg3 data.
The local ID is newly allocated by the Relay UE during the RRC connection setup procedure and will become obsolete when the connection releases. This local ID is temporary, like the temporary ID C-RNTI assigned by the base station. The local ID allocation method is up to UE implementation, which will guarantee as much as possible that the newly assigned local ID is different from the previous one. Besides, local ID is just used by the Relay UE and the gNB to differentiate different Remote UEs’ traffic and not used for any other communication tasks.
Proposal 5：The lifetime of Remote UE’s local ID is during Remote UE’s RRC state, from R2 perspective.
So far, we do not see any serious security issue. But if other companies have concern, we are fine to send LS to check whether it is feasible to use local remote UE ID from security perspective. Otherwise, SA3 should address the security related issue, if any. 
Proposal 6: RAN2 confirm no security risk on local UE ID, otherwise send LS to check SA3’s view. 
2. Data routing process
Next, we illustrate the routing mechanism based on the local identifier via the example in Figure 1, i.e., two Remote UEs (i.e., Remote UE1 or Remote UE2) connect to the gNB via a same L2 Relay UE. 
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Figure 1: Illustration for data routing between Remote UE and gNB via Relay UE
For the uplink, the routing process can be divided into two steps. 
Step 1. The Relay UE knows which remote UE the PC5 connection is associated with.
The Relay UE receives uplink RLC SDUs via the PC5 connections from the Remote UEs. Based on the mapping relation between PC5 connections and Remote UE local IDs, the Relay UE adds the associated local identifiers in the adaptation layer headers of the received RLC SDUs, as shown in Table 2.1. 
Step 2. When gNB receives the data, it determines which Remote UE the data belongs to.
The Relay UE transmits the RLC SDUs together with adaptation layer header to Uu RLC channels. As the gNB knows the association between “Relay UE identification + local ID” and the specific Remote UE, it delivers the RLC SDUs to the destination Remote UE’s higher L2 entity according to the local identifier in the adaptation layer header. 
Table 2.1: operation for data routing at Relay UE
	For UL, ingress PC5 connection=>Remote UE local ID to be added in the header

	For DL, Remote UE local ID in the header=> egress PC5 connection


For the downlink, the routing process is similar.
Step 1. The gNB knows which UE the downlink data belongs to.
The gNB establishes higher L2 entities (i.e., Uu SDAP and Uu PDCP) for the DRBs of each UE sharing the same lower L2 entities (i.e., RLC and MAC) and gNB maintains the UE context including the local identifier of each UE.
When downlink data arrives from one PDCP entity, the gNB knows which Remote UE the PDCP entity belongs to. Correspondingly, the gNB is able to determine the local identifier to be added in the adaptation layer header. Then, gNB sends the PDCP PDU together with the adaptation layer header to Relay UE.
Setp 2. When Relay UE receives the data, it determines which Remote UE the data belongs to.
Upon receiving the data from gNB, the Relay UE is able to interpret the adaptation layer header and get the included information, i.e., local ID. Based on the local ID, the Relay UE is able to know the associated Remote UE, and transfer it to the corresponding PC5 connection, as shown in Table 2.1.
Proposal 7: Relay UE maintains the mapping between PC5 connection and Remote UE local ID.
2.2.2 Bearer mappings at Relay UE
Based on the current agreements (i.e. proposals in the Introduction), we discuss the detailed functionality of the Relay UE’s Uu Adaptation layer to enable successful data transmission when N:1 bearer mapping is supported, i.e., different end-to-end RBs of the same Remote UE and/or different Remote UEs can be multiplexed over one Uu RLC channel. 
1. UL data transmission
In the uplink, PDCP PDUs from Remote UE are relayed and transferred to the corresponding E2E PDCP entity of the gNB. The whole process can be illustrated in 3 steps.
Step 1. Remote UE transfers PDCP PDUs from its Uu PDCP entities to the associated PC5 RLC bearers.
Step 2. Relay UE receives the RLC SDUs from the PC5 RLC bearers, and adds the Remote UE’s Uu bearer IDs to the adaptation layer header (see Table 2.2), such that RLC SDUs can be delivered correctly to the E2E PDCP entities in gNB (see step 3). Therefore, Relay UE should be configured with the mapping table between PC5 RLC IDs and Remote UE Uu bearer IDs, to determine the adaptation header to be added.
Table 2.2: operation for adding adaptation header at Relay UE for UL
	For UL, Ingress PC5 RLC ID => Remote UE Uu bearer ID to be added in the header


Next, Relay UE transfers the RLC SDUs to the Uu RLC bearers. To achieve this, Relay UE should be configured with the mapping table between Remote UE Uu bearer IDs and Uu RLC bearer IDs (see Table 2.3).
Table 2.3: bearer mapping operation at Relay UE
	For UL, Remote UE Uu bearer ID in the header => egress Uu RLC ID;

	For DL, Remote UE Uu bearer ID in the header => egress PC5 RLC ID;


Step 3. The gNB receives the RLC SDUs from the Uu RLC bearers, and delivers them to the correct E2E PDCP entity according to the Uu bearer IDs in the adaptation layer headers. 
Proposal 8: Relay UE is configured with the mapping table between PC5 RLC IDs and Remote UE Uu bearer IDs, to determine the adaptation header to be added for UL transmission.
2. DL data transmission
In the downlink, the operations for transferring the gNB’s PDCP PDUs to the Remote UE’s E2E PDCP entities are similar. 
Step 1. gNB’s Uu adaptation layer adds the Remote UE’s Uu bearer IDs to the adaptation layer headers, and deliver the PDCP PDUs to Uu RLC channels. 
Step 2. Relay UE receives RLC SDUs from the Uu RLC Channels. Then, it reads the Uu bearer IDs in the adaptation headers, and transfers them to the PC5 RLC channels according to the mapping table between PC5 RLC IDs and Remote UE Uu bearer IDs (see Table 2.3).
Step 3. Remote UE transfer the RLC SDUs from PC5 RLC channels to E2E PDCP entities.
Based on the above procedures and operations, followings should be configured to the Relay UE.
Proposal 9: Relay UE is configured with the mapping table between Remote UE Uu bearer IDs and Uu RLC bearer IDs for UL and DL transmission.
2.3  Configurability of adaptation header
In case that 1:1 mapping is deployed between remote UE’s Uu bearers and relay UE’s Uu RLC channels, the identity information of a remote UE and its Uu radio bearer seems to be not essential in adaptation layer header. For this reason, some company proposed to make the presence of adaptation layer header configurable. However, we cannot agree this as the 1:1 bearer mapping is a special  case of N:1 mapping and does not need to be treated separately. It is not a good choice to complicate the specification design just for special cases.
Observation 3: There is no need to make adaptation layer header configurable just for the special case of 1:1 bearer mapping.
2.4 Differentiation handling between relaying and non-relaying
The Relay UE may carries relaying traffic and its own traffic (i.e. non-relaying) over the SL/Uu link simultaneously. 
For the coming traffic from Remote UE, Relay UE should differentiate the traffic and delivers the non-relaying traffic to its PC5 SDAP/PDCP entity while relays the relaying traffic to Uu RLC bearers. In the opposite direction, Remote UE needs to differentiate and delivers the relaying and non-relaying traffic to E2E Uu SDAP/PDCP entity and PC5 SDAP/PDCP entity, respectively. 
For the traffic from gNB, Relay UE differentiates the traffic and delivers non-relaying traffic to its Uu SDAP/PDCP entity while transmits relaying traffic to the PC5 RLC bearers. Similarly, gNB needs to do the traffic differentiation as well. 
A nature and simple way to separate the relaying traffic and non-relaying traffic is using different RLC bearers. 
Observation 4: Differentiate the relaying traffic and non-relaying traffic over SL via separate RLC bearers.
Observation 5: Differentiate the relaying traffic and non-relaying traffic over Uu link via separate RLC bearers.
1. Conclusion
In this contribution, we discussed the L2 U2N Adaptation layer design and have the following observation and proposal:
Observation 1: No strong demand for the introduction of PC5 Adaptation layer.
Observation 2: gNB needs to be aware of the association between “Relay UE identification + local ID” and the specific Remote UE.
Observation 3: There is no need to make adaptation layer header configurable just for the corner case of 1:1 bearer mapping.
Observation 4: Differentiate the relaying traffic and non-relaying traffic over SL via separate RLC bearers.
Observation 5: Differentiate the relaying traffic and non-relaying traffic over Uu link via separate RLC bearers.
Proposal 1: The adaptation layer specification (TS 38.351) should be named as “Sidelink Relay Adaptation Protocol”, i.e. SRAP layer.
Proposal 2: No adaptation layer is needed in the SL hop for UE-to-Network relay. 
Proposal 3: The Remote UE’s local ID is allocated by Relay UE, as in LTE, and uniquely identify one Remote UE in the scope of the Relay UE.
Proposal 4: The local ID is allocated during Msg3 transmission, and included in the adaption layer header of Msg3 data.
Proposal 5：The lifetime of Remote UE’s local ID is during Remote UE’s RRC state, from R2 perspective.
Proposal 6: RAN2 confirm no security risk on local UE ID, otherwise send LS to check SA3’s view. 
Proposal 7: Relay UE maintains the mapping between PC5 connection and Remote UE local ID.
Proposal 8: Relay UE is configured with the mapping table between PC5 RLC IDs and Remote UE Uu bearer IDs, to determine the adaptation header to be added for UL transmission.
Proposal 9: Relay UE is configured with the mapping table between Remote UE Uu bearer IDs and Uu RLC bearer IDs for UL and DL transmission.
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