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1. Introduction
In RAN2#111e [1], it has been agreed to support both Layer 2 UE-to-NW relay and Layer 2 UE-to-UE relay. Regarding the Layer 2 UE-to-UE relay, the following working assumption has been reached.

Working assumption: Agree to put the needed information within the header of adaptation layer (for the receiving remote UE in UE-to-UE) to enable Bearer mapping for L2 UE-to-UE relay and the details can be discussed at WI phase.  FFS on the details to support the N-to-1 mapping between the ingress RLC channels from multiple transmitting remote UEs to egress RLC channels (going to the same receiving Remote UE) at Relay UE. 

In this paper, we discuss the FFS issue above and some other remaining issues on date plane operations for Layer 2 UE-to-UE relay.
2. Discussions 
2.1
Adaptation Layer in PC5 interface
Regarding the adaption layer in the protocol stack, it has been agreed in RAN2 that the 2nd hop needs this adaptation layer, but FFS the 1st PC5 hop. For this FFS, it does not make sense to not have the adaptation layer in the 1st hop. Because a source remote UE may want to reach different destination remote UE via the same relay. Therefore, the traffic from the same remote UE to the same relay may belong to multiple end-to-end PC5-PDCP bearers. For those end-to-end bearers mapped to the same SLRB, an adaptation layer is needed in user plane protocol stack of UE-to-UE relay, as shown in Figure 1. Logically, the support of adaptation layer and the presence of adaptation header can be two separate issues. For example, SDAP header is not always present in Uu traffic. Therefore, we think even if in some case, Adaptation header does not need to be present (e. g., 1-to-1 bearer mapping), the adaptation layer is still needed.
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Figure 1. Layer 2 UE-to-UE relay user plane protocol stack

Proposal 1
Adaptation Layer is supported in every hop of UE-to-UE relay. 
2.2
Adaptation Header in PC5 interface
Regarding whether the adaptation header is needed and what is the content of adaptation header, this need some detail analysis. A Sidelink MAC PDU in PC5 interface for UE-to-UE traffic can be disseminated as below in Figure 2.
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Figure 2 User plane protocol headers for a SL MAC PDU in UE-to-UE relay

Please note that in Figure 2, the MAC header does not contain the full 24-bit Layer 2 addresses. Some portion of the source address and destination address are contained in L1 header (Sidelink SCI).

Among all the fields present in those user plane protocol headers, the information in MAC PDU which can be used to identify the end-to-end traffic are the following:
· L2 Src Address

· LCID

· <Fields in Adaptation header?>

For the 1st hop, we can see if the relay UE can uniquely identify an end-to-end PC5 PDCP bearer with just the combination of <L2 Source Address, LCID>, then there is no need of adaptation header. Otherwise, the adaptation header is needed.
In some cases, the Adaptation header is indeed not needed because the remote UE may be able to establish distinctive SL radio bearers for the relay traffic among each other, and also distinguish them from local traffic (e.g., PC5-S, PC5-RRC), given that LCID space is big enough for all of them. Currently, the number of available LCID is 64. This may be OK  if remote UE does not have many outgoing end-to-end PC5 PDCP bearers.  

But we need also consider the generic scenario and forward-compatibility with multi-hop UE-to-UE relay. In such a design, the LCID-based differentiation is not sufficient and will not be scalable.
For the study, we need to agree a baseline solution which can work in most cases, instead of limiting the support only to small-scale scenarios in UE-to-UE relay. Therefore, I think it is necessary to have the adaption header in PC5 interface.

Proposal 2
Adaptation header is supported in the first hop of UE-to-UE relay as baseline solution. 
Then, regarding the needed fields in the adaptation header, we think this depends on whether per-packet forwarding scheme or per-bearer forwarding scheme is used.

In per-packet forwarding approach, the end-to-end bearer is agnostic to relay UE. For example, the relay UE never need to process end-to-end bearer ID. Instead, the relay UE conducts simple packet forwarding based on L2 addresses. 

In per-bearer forwarding approach, the end-to-end bearer needs to be recognized by relay UE, and relay UE need to translate it in a local bearer ID to identify this bearer. This local bearer ID can be a LCID or a new index in the adaptation header. To enable this kind of bearer mapping, extra PC5-RRC procedures need to be executed to setup the plumbing for the data forwarding, so that the adaptation header can only use local bearer ID to label the incoming and outgoing traffic of the relay UE.

In general, we think both approaches have its respective pros and cons. The per-bearer approach has less user plane overhead, because it does not need to carry L2 addresses in every packet. However, it needs some additional setup procedures in control plane.
For this SI, we can agree the per-packet approach as the baseline because it is relatively simple.

Proposal 3
Per-packet forwarding scheme is use as baseline solution for UE-to-UE relay. 
For the per-packet forwarding scheme, the following fields are needed:
· L2 Src address (of source remote UE)

· L2 Dst address (of destination remote UE)

· Bearer ID of end-to-end PC5 PDCP bearer

· QoS information (for each forwarding, except the last hop).
The first three fields are needed to uniquely identify an end-to-end PC5 PDCP bearer. 

For the QoS information, this is to ensure the end-to-end QoS requirement of the PDCP bearer, as this end-to-end requirement is not known by the relay UE, the relay UE will not be able to ensure timely forwarding and prioritize treatment for high-priority traffic if the QoS information is not given. Then, similar to PPPP/PPPR used in per-packet QoS scheme in LTE V2X, this information has to be carried per-packet. The only exception is that it does not need to be presented in the last hop of UE-to-UE relay.
Proposal 4
L2 Src address, L2 Dst address and end-to-end bearer ID are needed in per-packet forwarding scheme for UE-to-UE relay. 

Proposal 5
QoS information is carried in adaptation header for each packet in each hop (except the last hop) in per-packet forwarding scheme for UE-to-UE relay.
2.3
 Overhead issue associated with adaptation header
In general, we need to consider the overhead issue caused by the per-packet forwarding scheme, as at least 48 bits are needed for contain the L2 addresses. At least, we can consider to use the adaptation header only when it is absolutely necessary. For example, the adaptation header does not need to be used for local traffic. A simple solution is to use LCID to distinguish local traffic vs. traffic to be forwarded. When a SL UE processes the incoming traffic, RLC PDUs associated with certain LCID do not contain adaptation header and UE can simply pass them up to PDCP layer w/o going through the adaptation layer.
Proposal 6
Local traffic does not go through adaptation layer. LCID can be used to distinguish local traffic vs. traffic to be forwarded in Layer 2 UE-to-UE relay.
Although the packet forwarding based approach is supported as the baseline for this study, the benefits of the alternative per-bearer approach cannot be ignored. Especially for a single-hop UE-to-UE relay, it is still possible to have a design with very small adaptation header overhead or even no adaptatoon header at all. Such optimizations can be left to WI stage to consider.

Proposal 7
RAN2 consider the support of overhead reduction for adaptation layer design (e.g. per-bearer forwarding mechanism) in WI stage.
3. Conclusions

In this paper, we have discussed the remaining user plane issues for Layer 2 UE-to-UE relay and have the following proposals:

Proposal 1
Adaptation Layer is supported in every hop of UE-to-UE relay. 
Proposal 2
Adaptation header is supported in the first hop of UE-to-UE relay as baseline solution.
Proposal 3
Per-packet forwarding scheme is use as baseline solution for UE-to-UE relay. 
Proposal 4
L2 Src address, L2 Dst address and end-to-end bearer ID are needed in per-packet forwarding scheme for UE-to-UE relay. 

Proposal 5
QoS information is carried in adaptation header for each packet in each hop (except the last hop) in per-packet forwarding scheme for UE-to-UE relay.
Proposal 6
Local traffic does not go through adaptation layer. LCID can be used to distinguish local traffic vs. traffic to be forwarded in Layer 2 UE-to-UE relay.
Proposal 7
RAN2 consider the support of overhead reduction for adaptation layer design (e.g. per-bearer forwarding mechanism) in WI stage.
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