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1 Introduction

This contribution discusses key issues with regards to SRAP design for L2 U2U relay, by highlighting key differences from the U2N SRAP design baseline, and proposing solutions and directions for further discussion while taking into account recent agreements on the issue.
2 Discussion
It is stated in 3GPP TR 38.836 (Clause 5.5.1) that an adaptation layer is supported over the second PC5 link (i.e. the PC5 link between Relay UE and Destination UE) – the focus in 3GPP TR 38.836 is on the second link, presumably because we assumed at the time that the main function of Adapt (now referred to as SRAP) should be focused on the second hop, where the Relay UE would determine the Destination UE (out of many UEs attaching to it) – so this is essentially the routing function of SRAP, and also it would perform bearer mapping of ingress PC5 RLC bearers to egress PC5 RLC bearers (e.g. N:1 mapping). However, the same section in 3GPP TR 38.836 also mentions Adapt on the first hop (e.g. for purposes of N:1 mapping between Remote UE SL Radio Bearers and first-hop PC5 RLC channels), which we do believe is also needed, and which has now been confirmed via the following agreement made at RAN2#121:
Agreement:

RAN2 confirms the user plane protocol stack for L2 UE-to-UE Relay in Figure 5.5.1-1 and control plane protocol stack for L2 UE-to-UE Relay in Figure 5.5.1-2 of TR 38.836 [2].

In terms of SRAP functions, these are the functions listed in 3GPP TS 38.351 (Clause 4.4), with some comments from our end inserted:

-    Data transfer;  obviously needed in the U2U case as well
-    Determination of UE ID field and BEARER ID field for data packets;  on the first hop in U2U, SRAP at the Source UE does need to determine destination UE ID field (or a pair identifier or the two Remote UEs in the U2U case) and BEARER ID field so it may insert them in the SRAP header; on the second hop, SRAP at Relay UE needs to use these, plus a look-up (configuration) table
-    Determination of egress link;  needed on second hop, and done in the same (equivalent) way as for U2N on the DL, using the configuration table and destination UE ID field
-    Determination of egress RLC channel.  needed on second hop, and done in the same (equivalent) way as for U2N on the DL
Based on brief analysis above, we propose the following:

Proposal 1. SRAP functions for U2N case also apply to the U2U case, while bearing in mind that determination of UE ID field function in the U2N case may mean determination of a pair identifier in the U2U case or a destination UE identifier.

The key question is whether we need any new U2U relaying specific functions which are not in the above list, and whether some of the above functions need changing. One key difference is operation of SRAP at Source UE. For U2N, the Remote UE (the source of traffic in the UL / the destination of traffic in the DL) inserts its own local UE ID into the SRAP header (= SRAP ID), whereas for U2U relaying the Source UE could insert destination Remote UE ID (and possibly also its own ID), or it could insert an identifier of the {SRC Remote UE, DST Remote UE} pair. In fact, on this topic the following was agreed at RAN2#121:
Agreements:

FFS if multiplexing of different destinations in the same RLC channel is supported.

An ID mappable to the destination remote UE is needed in the first hop (Tx remote UE to relay), at least in case multiplexing of different destinations in the same RLC channel is supported.

An ID mappable to the source remote UE is needed in the second hop (relay to Rx remote UE).

FFS if the IDs are different (e.g., source and destination UE IDs) or common (e.g., a local ID for the pair).

FFS whether both UE IDs are included in the header or the relay UE does a mapping.

E2E bearers from a single SRC Remote UE towards multiple DST Remote UEs could be multiplexed onto a single RLC channel between the SRC Remote UE and Relay UE. There could also be multiplexing of E2E bearers between Relay UE and DST Remote UE since multiple SRC UEs could be communicating with a single DST Remote UE via the same Relay UE.

As mentioned, a SRC UE may be communicating with multiple DST UEs via the same Relay UE. This can of course be done without multiplexing onto the same RLC channel, but in that case we would need more RLC channels (i.e. a bigger LCID space). More specifically, a SRC UE would have to use subset#1 of its RLC channels towards the Relay UE for traffic towards DST UE#1, non-overlapping subset#2 for traffic towards DST UE#2, and so on. Relay UE would need to use subset#A of the RLC channels towards a DST UE for traffic from SRC UE#A, non-overlapping subset#B of the RLC channels towards the same DST UE for traffic from SRC UE#B, and so on. This can lead to significant signalling overload since these subsets may often need to be reconfigured.
At RAN2#121, the following was also agreed:

Agreement:

RAN2 confirms Remote UE E2E Radio Bearer ID should be included in the adaptation layer in first and second PC5 hop.

This means every SRAP packet will carry the E2E RB ID. Regardless of whether multiplexing is supported or not, we need to be able to uniquely identify the bearer across all E2E bearers relayed by the same Relay UE. For this to happen, a SRC ID and/or DST ID is needed, or an identification of the pair.

We therefore propose the following:

Proposal 2. Source UE inserts the ID of the Destination UE or the pair ID into the SRAP header. RAN2 to decide which option will be supported in Rel-18.
Proposal 3. For the case where the Source UE inserts the ID of the Destination UE, RAN2 to discuss whether Source UE also inserts its own ID into the SRAP header.

Proposal 4. The SRAP function of ‘Determination of SRAP ID field and BEARER ID field for data packets’ needs to be modified according to Proposals 2 and 3.
If a joint (pair) identifier is used, one open issue is which identifier should be chosen, or if a new identifier should be defined.

As per existing 3GPP principles, when receiving user data from upper layers to be sent over SL direct link to a specific UE, the transmitting UE shall determine the direct link context corresponding to the application layer ID and then shall include in each outgoing protocol data unit a specific PC5 Link Identifier. This Link Identifier could be used as a pair ID in the SRAP header.
How Link Identifier is chosen is not specified in standards, and therefore there could be collisions in the Link Identifier space. However, this is true of any self-assigned ID. We therefore propose the following:

Proposal 5. For the case where the Source UE inserts the pair ID into the SRAP header, RAN2 to discuss using the PC5 Link Identifier for this purpose.
Proposal 6. RAN2 to discuss handling of collision in the {SRC UE ID, DST UE ID} pair ID space.
The assignment of SRAP IDs and role of gNB is another key open issue. Relative to the U2N case, in the U2U case much of what happens is transparent to gNB. In the U2N case, SRAP ID assignment is under control of the gNB even for the OOC case. However, in the U2U case, such involvement of the gNB is unnecessary or even impossible. Therefore, the option of UEs assigning IDs to itself and/or other UEs in U2U relaying needs to be studied. Additionally, At RAN2#119bis-e, the following was agreed:

Agreements:

RAN2 will strive to simplify the gNB involvement in U2U-relay-specific operation as compared to the U2N case.  Details are FFS, including whether some gNB control is needed for the in-coverage scenario and how/whether the gNB involvement can be simplified compared to U2N.

In light of above, we propose the following:
Proposal 7. RAN2 to discuss self-assignment of SRAP IDs by Remote UEs.

Proposal 8. RAN2 to discuss assignment of SRAP IDs by Remote UEs or Relay UEs to other Remote UEs.

And finally, in U2U Relaying we may not always have a central entity (gNB) that has info on / configures both E2E QoS requirement and per-hop QoS requirements. Even for the in-coverage case where the gNB could do it, we may prefer to reduce signaling load towards the network, and have these parameters configured locally instead. 

When there is multiplexing and SRC Remote UE decides on and configures QoS split and SLRB configuration for layer 2 relaying, SRAP layer at SRC Remote UE performs the multiplexing of E2E bearers onto PC5 channels on the first hop (towards the Relay UE), while potentially having no knowledge of the per-hop QoS of the second hop. If multiplexing for multiple DST Remote UEs is used on the first hop, then SLRB configurations with the same per-QoS on the two hops should be used. If there is no SLRB configuration with the same per-QoS on the second hop, we should discuss if we should revert back to a separate SLRB configuration (e.g. upon request from Relay UE, or based on indication of second hop QoS received by SRC Remote UE) with no multiplexing. Alternatively, multiplexing could still be used, with “similar” QoS on first hop and second hop, where QoS ranges could be split into groups to define similar, i.e. tolerable deviation. 
Proposal 9. RAN2 to discuss handling of potential mismatch of per-hop SLRB configurations for the case of QoS handling for bearer multiplexing.

3 Conclusion

Based on the above observations, RAN2 is kindly asked to discuss and capture the following proposals:
Proposal 1. SRAP functions for U2N case also apply to the U2U case, while bearing in mind that determination of UE ID field function in the U2N case may mean determination of a pair identifier in the U2U case or a destination UE identifier.

Proposal 2. Source UE inserts the ID of the Destination UE or the pair ID into the SRAP header. RAN2 to decide which option will be supported in Rel-18.

Proposal 3. For the case where the Source UE inserts the ID of the Destination UE, RAN2 to discuss whether Source UE also inserts its own ID into the SRAP header.

Proposal 4. The SRAP function of ‘Determination of SRAP ID field and BEARER ID field for data packets’ needs to be modified according to Proposals 2 and 3.
Proposal 5. For the case where the Source UE inserts the pair ID into the SRAP header, RAN2 to discuss using the PC5 Link Identifier for this purpose.
Proposal 6. RAN2 to discuss handling of collision in the {SRC UE ID, DST UE ID} pair ID space.
Proposal 7. RAN2 to discuss self-assignment of SRAP IDs by Remote UEs.

Proposal 8. RAN2 to discuss assignment of SRAP IDs by Remote UEs or Relay UEs to other Remote UEs.

Proposal 9. RAN2 to discuss handling of potential mismatch of per-hop SLRB configurations for the case of QoS handling for bearer multiplexing.

