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1	Introduction
The following agreements were made in the RAN#121 meeting on the CP aspects for U2U relays:
Agreements:
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].
RAN2 confirms Remote UE E2E Radio Bearer ID should be included in the adaptation layer in first and second PC5 hop.
RAN2 confirms Remote UE determines the egress RLC channel based on the mapping from the E2E bearer ID to egress RLC channel, for a particular target Remote UE.
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.
In this paper we’ll discuss the Layer-2 specific aspects and RAN2 details for the control plane (CP) procedures, adaptation layer design and QoS handling based on SA2’s progress.
[bookmark: _Ref178064866]2	Discussion
The descriptions below are written in the context of a source remote (SRC) UE communicating with one or more destination (DST) remote UEs via a relay UE (U2U relay).  
2.1 SRAP Layer Design
RAN2 confirms Remote UE E2E Radio Bearer ID should be included in the adaptation layer in first and second PC5 hop.
RAN2 confirms Remote UE determines the egress RLC channel based on the mapping from the E2E bearer ID to egress RLC channel, for a particular target Remote UE.
[bookmark: _Toc131702003]It was agreed in the last meeting that the E2E RB ID of the remote UE is included in the adaptation layer. In addition, it was also agreed that the remote UE determines the egress PC5 RLC channel based on bearer mapping i.e., E2E bearer ID to egress RLC channel, for a particular DST UE. 
[bookmark: _Toc131702004][bookmark: _Toc127298251][bookmark: _Toc131702005]Similarly, based on the E2E bearer ID, the adaptation layer in the U2U relay should perform bearer mapping like in Layer-2 U2N relaying i.e., U2U relay performs a mapping from the SRC UE’s E2E bearer ID to an egress PC5 RLC channel on the second hop. 
[bookmark: _Toc131702058]U2U relay determines the egress RLC channel based on mapping from a SRC UE’s E2E bearer ID to egress RLC channel of a particular DST UE.

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 whether both UE IDs are included in the header or the relay UE does a mapping.
For the mappable ID on the first and second hop, we believe that the SRC ID is sufficient. On the second hop, the combination of the SRC ID and the E2E bearer ID is sufficient for mapping to the egress RLC channel of a particular DST UE. The adaptation layer should only perform bearer mapping. 
[bookmark: _Toc131702059]SRC ID should be included in the adaptation layer in the first and second hop.
FFS if multiplexing of different destinations in the same RLC channel is supported.
[bookmark: _Toc131702066]Multiplexing over first hop:
[bookmark: _Toc131702067]The SRC UE can multiplex data intended for different destinations from the same U2U relay over the first hop i.e., N-to-1 mapping over the first hop. In this case, the adaptation layer can consist of the SRC ID and E2E bearer IDs of the different destinations. The SRC UE can map the E2E bearer IDs to a single egress RLC channel on the first hop. 
[bookmark: _Toc131702068]The U2U relay upon receiving the data from this RLC channel, can based on using the SRC ID an E2E bearer IDs demultiplex the data and perform the corresponding mapping of the E2E bearer ID to the appropriate egress RLC channel for a particular DST UE in the second hop. 
[bookmark: _Toc131702069]Multiplexing over second hop:
[bookmark: _Toc131702070]Upon receiving the data from multiple SRC UEs at the adaptation layer, the U2U relay can determine if there are multiple SRC UEs communicating with the same DST UE. In which case, the U2U relay can multiplex the data for the same destination from different SRC UEs over the second hop i.e., N-to-1 mapping over the second hop.
[bookmark: _Toc131702071]The U2U relay can based on the SRC IDs and E2E bearer IDs multiplex the data intended for one DST and perform the corresponding mapping of the E2E bearer IDs to a single egress RLC channel over the second hop. 
[bookmark: _Toc131702072]In general, multiplexing over the first/second hop is upto SRC UE and U2U relay implementation. In addition, bearer mapping at both the SRC UE and U2U relay with SRC ID and E2E bearer ID in the header of the adaptation layer is sufficient to enable multiplexing over the first and second hop.  
Multiplexing over the first/second hop is up to SRC UE and U2U relay implementation. In addition, bearer mapping (both in SRC UE and U2U relay) with SRC ID and E2E bearer ID in the adaptation layer header is sufficient to enable multiplexing over the first and second hop. 
The following table summarizes the above discussion:
	Header Information: 
First hop: SRC UE ID, E2E Bearer ID(s)
Second hop: SRC UE ID(s), E2E Bearer ID(s)

	N-to-1 mapping 
	Example Header Format

	First-hop (SRC UE):
SRC UE to multiple DST UE(s)

	SRC UE1:
| SRC UE ID1 | E2E RB ID1 | | SRC UE ID1 | E2E RB ID2 | … 

SRC UE2:
| SRC UE ID2 | E2E RB ID3 | | SRC UE ID2 | E2E RB ID4 | … 

	Second hop 
(U2U relay): 
Multiple SRC UE(s) to same/different DST UE(s)
	DST UE1: 
|SRC UE ID 1| E2E RB ID 1| | SRC UE ID2| |E2E RB ID 3| …

DST UE2:
|SRC UE ID 1| E2E RB ID 2| | SRC UE ID2| |E2E RB ID 4| …



Further, as the adaptation layer header is unprotected, local ID can be used as in Rel-17 L2 U2N relaying.  
[bookmark: _Toc131702060]Local IDs are used to identify the SRC and DST UEs. 
FFS if the IDs are different (e.g., source and destination UE IDs) or common (e.g., a local ID for the pair).
[bookmark: _Toc131702061]This local ID should be unique for a SRC, and DST UE and different values should be assigned for the SRC and DST. By assigning different values, if required, it is possible to reconfigure only one link without affecting the other link. For example, if there is a change in the local ID and if the local ID was common, then both the first and second hop links would have to be reconfigured to use the new local ID. As opposed to having different values where the change in the local ID over one link will not affect the other link. 
[bookmark: _Toc131702062]Different local IDs are assigned to the SRC and DST UEs.
[bookmark: _Toc131702063]Unlike in the case of U2N relaying, in U2U relaying, the SRC/DST/U2U relays would need to operate in any coverage scenario i.e., in-coverage, partial coverage and out-of-coverage. In which case, it is not possible to rely on the gNB to provide the appropriate configurations and local ID assignments. As a result, we believe the U2U relay should be responsible for the appropriate bearer mapping and should also be the one to assign the local IDs to the SRC/DST UEs.
The U2U relay assigns the local ID for the SRC and DST UEs. 
2.2 QoS Handling
For QoS split, in L2 U2N relaying, it is up to gNB implementation to perform PDB split between Uu hop and PC5 hop. For L2 U2U relaying, however, gNB should not be involved in the QoS split as the UEs might be in out-of-coverage and the traffic does not go through the network. In our view, the QoS split shall be performed by the U2U relay as it knows the channel situation of both the links i.e., first hop and the second hop. 
[bookmark: _Toc131702073]The U2U relay configures the QoS split for the end-to-end unicast link. 
Moreover, to avoid that the SRC UE is unhappy with the QoS split configured by the U2U relay, the SRC UE may provide some assistance information to the U2U relay which takes this into account when configuring the QoS split.
[bookmark: _Toc131702074]SRC UE can provide the U2U relay with assistance info to assist in splitting the QoS.
2.3 Multiplexing at the MAC-layer
[bookmark: _Toc131702075]In the previous meeting, there was a discussion on the multiplexing of data from the different logical channels in the MAC-layer. In general, for direct sidelink without relaying, it would make sense to multiplex the data from the different logical channels as they are intended for the same destination over the first hop. However, for U2U relaying, it is likely that the different logical channels are associated to different destinations over the second hop. As a result, the current LCP procedure will always allow multiplexing of the data intended for different final destinations over the first hop i.e., the source remote UE will always be allowed to multiplex the data intended for different final destinations over the first hop to the U2U relay. 
[bookmark: _Toc131702076]However, we believe there are issues when the source remote UE is always allowed to multiplex the data intended for different destinations over the first hop:
· [bookmark: _Toc131702077]As the different logical channels are associated with different (final) destination remote UEs, it is possible that low priority transmissions get a treatment above its indicated priority. Thereby degrading the performance of the other UEs in the system. In addition, as the source remote UE can communicate with multiple final destinations further exacerbating the problem.     
· [bookmark: _Toc131702078]For mode-2, the selection window (sl-SelectionWindow-r16) is configured independently for each priority value (sl-Priority-r16). In which case, it is possible that the sl-SelectionWindow-r16 are different for different (final) destination remote UEs i.e., T1 for destination remote UE1, T2 for destination remote UE2 and T1 < T2. The source remote UE can select resources for transmission using T2 in which case multiplexing would of data could result in the PDB not being satisfied for one of the (final) destination remote UEs. The same is also applicable for the case when a high priority data arrives for a different (final) destination UEs.
[bookmark: _Toc131702079]Based on our concerns above, we think RAN2 should discuss the issue of multiplexing of data at the MAC-layer when the LCHs associated with different (final) destination remote UEs. One possible way to deal with the issue would be to capture an LCP restriction when multiplexing data associated with different (final) destination remote UEs.  
[bookmark: _Toc131702080]RAN2 to discuss the issue of multiplexing of data at the MAC-layer when the LCHs are associated with different (final) DST remote UEs. 
2.4 End-to-End Connection Establishment
As mentioned above, SA2 has concluded the following procedures for connection establishment in L2 and L3 U2U relays [2]:
a. Standalone Discovery Procedure based PC5 end-to-end unicast link establishment
b. Integrated PC5 end-to-end unicast link establishment 
Although SA2 has specified the solutions, the details for the L2 U2U relaying have not yet been captured and is up to RAN2 to finalize the details. In addition, RAN2 also needs to discuss the details of the sidelink relay adaptation protocol (SRAP) layer and handling of end-to-end QoS. Figure 1 below illustrates the RAN2 related CP procedures in L2 U2U relaying for link establishment based on the details as captured in [2]. 
[bookmark: _Toc131702006]Although SA2 has specified the solutions for standalone and integrated end-to-end unicast link establishment in general, the details for L2 U2U relaying have not yet been captured. RAN2 needs to finalize the details and in addition, study the aspects of SRAP and QoS handling.  
[image: ]
(a) Standalone Discovery Procedure based PC5 end-to-end unicast link establishment
[image: ]
(b) Integrated PC5 end-to-end unicast link establishment
Figure 1. Connection Establishment Procedure for L2 U2U relays
The following are the steps involved in the end-to-end connection establishment procedure for both cases (a) and (b). The order of these steps can vary but the intention is to use the following as a starting point for discussions. 
1. With a standalone procedure, the SRC UE performs a discovery procedure (using model A/B) to find the DST UE. In the integrated procedure, the SRC UE initiates a direct communication request message (contents of which are decided by SA2) to find the DST UE.
2. In the integrated procedure, the DST UE then performs the relay selection. Then, in both procedures, a PC5 link establishment/modification can be performed.
3. In both procedures, the U2U relay can then configure the SRC UE and DST UE with the SRAP configuration along with the local ID(s).
4. Subsequent messages for establishing an end-to-end unicast link are transmitted using the SRAP layer. 
5. Once the end-to-end unicast link is established, the per-hop bearer mapping with the option to perform QoS split can be performed.
[bookmark: _Toc131702081]RAN2 to consider Figure 1. as the baseline for L2 U2U relaying in PC5 end-to-end link establishment for cases (a) and (b). 
[bookmark: _Toc70424553][bookmark: _Ref189046994]3 Conclusion
In the previous sections we made the following observations: 
Observation 1	Although SA2 has specified the solutions for standalone and integrated end-to-end unicast link establishment in general, the details for L2 U2U relaying have not yet been captured. RAN2 needs to finalize the details and in addition, study the aspects of SRAP and QoS handling.
Based on the discussion in the previous sections we propose the following:
Proposal 1	U2U relay determines the egress RLC channel based on mapping from a SRC UE’s E2E bearer ID to egress RLC channel of a particular DST UE.
Proposal 2	SRC ID should be included in the adaptation layer in the first and second hop.
Proposal 3	Local IDs are used to identify the SRC and DST UEs.
Proposal 4	Different local IDs are assigned to the SRC and DST UEs.
Proposal 5	The U2U relay assigns the local ID for the SRC and DST UEs.
Proposal 6	The U2U relay configures the QoS split for the end-to-end unicast link.
Proposal 7	SRC UE can provide the U2U relay with assistance info to assist in splitting the QoS.
Proposal 8	RAN2 to discuss the issue of multiplexing of data at the MAC-layer when the LCHs are associated with different (final) destination remote UEs.
Proposal 9	RAN2 to consider Figure 1. as the baseline for L2 U2U relaying in PC5 end-to-end link establishment for cases (a) and (b).
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