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1 Introduction
Regarding the U2U relay work, RAN2#121 [1] has reached the following agreements:
	- For relay UE selection, the remote UE uses SL-RSRP measurements towards peer remote UE to trigger relay UE selection when there is data transmission on direct link.

- For relay UE reselection, the remote UE uses SL-RSRP measurements towards the relay UE to trigger relay UE reselection when there is data transmission on the indirect link.

- In both cases, it is left to remote UE implementation whether to use SL-RSRP or SD-RSRP for relay (re)selection trigger evaluation in case of no data transmission.

- FFS if there need to be different configured thresholds for SL-RSRP and SD-RSRP.

- Each Remote UE can trigger Relay reselection based at least on current hop quality.

-- 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 discuss the remaining FFS issues and other open issues for UE-to-UE relay design.

2 Discussion  
2.1
U2U relay (re)selection
Regarding the FFS on whether there should be different thresholds for SL-RSRP and SD-RSRP measurements when those SL measurements are used for triggering relay (re)selection, we think different thresholds are needed. Based on Rel-16 NR SL design, SL broadcast and SL unicast are subject to different power control mechanisms. 
Basically, the PSSCH transmit power for sidelink broadcast and sidelink unicast is subjective to Uu link pathloss, while the PSSCH transmit power for sidelink unicast may be additionally subjective to sidelink pathloss. Also, a UE’s Uu link pathloss is independent of this UE’s sidelink pathloss to pair UE. Therefore, if we apply the same threshold to SL-RSRP and SD-RSRP, the remote UE will misunderstand the pathloss comparison between remote UE and a serving U2U relay UE and a potential U2U relay UE, and end up reselecting an inferior relay.

Proposal 1
Different thresholds configured for SL-RSRP and SD-RSRP used to trigger U2U relay (re)selection.
RAN2 has agreed that “Each Remote UE can trigger Relay reselection based at least on current hop quality”. However, regarding the details about relay re)selection triggering based on “PC5 signal strength conditions”, we propose to further clarify this is to consider the PC5 link conditions for both hops. In other words, if the relay UE detects the radio link deteriorates in either of the PC5 hop, the relay reselection could be triggered. This is because whether a U2U relay is good or not depends on whether it can successfully reach the target remote UE or not. In U2N relay scenarios, the gNB does not move. So, the Uu link quality is less dynamic than that of U2U case. In U2U case, both the U2U relay UE and the target remote UE may move, so the PC5 strength of 2nd hop needs to be considered, if applicable.

Proposal 2:
Relay (re-)selection triggers “of remote UE need consider the PC5 signal strengths of both hops, if applicable.

There is one more criterion to be consider is “whether the PC5 link of the 2nd PC5 hop is already established.”. This is because if the PC5 link is already established, it is more convenient and faster to establish an end-to-end PC5 link between the source remote UE and target remote UE. So, this should be also added as an additional AS layer criterion for relay (re)selection considerations:
Proposal 3:
“whether the PC5 link of the 2nd PC5 hop is already established or not” is considered as an criterion for relay (re-)selection.
2.2
U2U relay authorization
Regarding the SA2 LS [2] about the U2U relay authorization, which include the following questions:
	Regarding UE-to-UE Relay operation, it can be considered that "5G ProSe authorised" information sent by the AMF to NG-RAN may include one or more of the following:

1)
whether the UE is authorized to act as a 5G ProSe Layer-2 UE-to-UE Relay;

2)
whether the UE is authorized to act as a 5G ProSe Layer-3 UE-to-UE Relay;

3)
whether the UE is authorized to act as a 5G ProSe Layer-2 U2U UE;

4)
whether the UE is authorized to act as a 5G ProSe Layer-3 U2U UE.

Please note that "U2U UE" corresponds to "source UE" and "destination UE", and the terms related to UEs that are involved in UE-to-UE Relay operation are under discussion and have not been finalized in SA2.

SA2 Question 1: Whether the "5G ProSe authorised" information needs to be enhanced to include the authorization information for UE-to-UE Relay operation?

SA2 Question 2: If the answer to Q1 is yes, which bullet(s) need to be included?


We think the U2U relay authorization in NG-RAN is not essential for U2U relay work, but it may still be useful as NG-RAN node (o.e., gNB)still controls mode 1 Sidelink resource allocation. Even though there is no U2U traffic going through NG-RAN node, the gNB can still use ProSe U2U authorization to decide whether it will provide necessary configurations for a U2U remote UE or relay UE.

Proposal 4:
RAN2 reply to SA2 that ProSe authorization for U2U relay is still needed between AMF and NG-RAN.

But there is no real difference in NG-RAN operation regarding L2 and L3 U2U relay, so we prefer to not have distinctive L2 and L3 authorizations.
Proposal 5:
No need to differentiation Layer 2 and Layer 3 in U2U relay authorization.
2.3
Traffic multiplexing for U2U relay

It has been debated in RAN2#121 meeting [1] that “whether different destinations in the same RLC channel is supported”. To answer this question, we need to examine the scenario of U2U relays. In U2U relay, different from UE-to-NW relay, the relay UE is supposed to route traffic towards different destinations (i.e., different target remote UEs). And it is also possible that traffic to those different destinations come from the same source remote UE. Hence, the first PC5 hop between source remote UE and relay UE will need to carry those traffic which are to be routed differently by the relay UE. To distinguish those traffic, we can consider two ways:

1) Put traffic to each remote SL destination in a different PC5 relay RLC channel.

2) Allow multiplexing traffic to different remote SL destinations in the same PC5 Relay RLC channel.

The problem with the first option 1 is that the number of PC5 Relay RLC channel is quite limited. It is also true that different end-to-end SLRBs between the same pair of <source remote UE, target remote UE> would need multiple PC5 relay RLC channels if we follow the design principle of Rel-17 Layer 2 UE-to-NW relay design. For example, , SRB and DRB needs to be separated in different RLC channels; and DRBs with different QoS requirements will be mapped to different PCR Relay RLC channels. 

So, if we rules out option 2 and only support Option 1, then we put a very artificial restriction on how many different target remote UE destinations can be supported by a source remote UE, and that number would be very small. The current LCID space only allow number 4-19 is used for logical channel and 20-55 are reserved for . If we do not consider reserved LCIDs, only 16 LCIDs available, even if 4 different PC5 Relay RLC channel is used per destination, then we can still only support 4 remote UE destinations. 

This problem can be simply avoided by using option 2, although this means the identify for remote SL destination needs to be included in the SRAP header. Signaling overhead is justified if that leads to a more solid design which is also more forward compatible with multi-hop U2U operation, when the potential number of destinations will be scale exponentially with the number of hops. With destination indicated in SRAP header, all egress traffic into different destinations, but with similar QoS requirements can be multiplexed in the same PC5 Relay RLC channel, which is a more efficient way to use sidelink LCID space.
Proposal 6
Allow multiplexing traffic to different remote SL destinations in the same PC5 Relay RLC channel.

2.4
Remaining issues on SRAP header design for Layer-2 U2U relay
The two FFS below are very critical to the SRAP header design for Layer-2 U2U relay:
- 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.
For the first question about whether to use “different” UE IDs or use a “common” local ID for the pair, we think the additional work to define a locally unique ID for the pair will add additional complexity, because this ID has to be uniquely recognized by three parties ( two remote UEs, and one relay UE). It is not clear how this mechanism can be organized w/o defining a controlling authority among the three parties first. Also, the meaning of a local ID is still associated to a pair of UE IDs (e.g., L2 addresses). So, this single pair ID design would be some sort of an optimization to trade-off control signaling overhead for user plane SRAP header overhead. So, we would prefer RAN2 to first figure out the baseline design based on UE IDs, then we can think any optimizations if time allows. 

Proposal 7
SRAP header with different IDs (source and destination UE ID) as baseline. FFS on the need of support of pair-based local ID.
Regarding the last FFS, this is about whether both UE IDs are always to be included in the SRAP header, as shown in Figure 1 below (e.g., L2 addresses of both end remote UEs are included), or a relay UE is allowed to conduct some mapping to generate the SRAP header for the next hop, as shown in Figure 2.
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Figure 1. SRAP header design for U2U Relay: Using both 24-bit L2 ID of Source and Destination Remote UEs
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Figure 2. Example of SRAP header content change by relay UE for U2U relay
Basically, the SRAP mapping operation in relay UE and remote UE are based on the following assumptions:
· For ingress traffic (from S-Remote UE), the L1/L2 header has already contained the L2 address of S-Remote UE in the first hop, so only that L2 address of T-remote UE needs to be included in SRAP header.

· For egress traffic (from relay UE to T-Remote UE), the L1/L2 header has already contained the L2 address of T-Remote UE in the 2nd hop, so only that L2 address of S-remote UE needs to be included in SRAP header

· As a result, the U2U Relay UE need regenerate the SRAP header for every received SRAP PDU by replacing the Destination L2 ID used in the 1st PC5 hop SRAP header with the Source L2 ID to be used in the second PC5 hop SRAP header.

However, this scheme assumes the L2 ID used in communication between remote UE and relay UE in the PC5 hop shall be the same L2 ID used to identify the end-to-end PC5 Link. For instance, when remote UE announce its intention for seeking a relay UE for its end-to-end link <Src1, Dst1>, the “Src1” address needs also to be actually used by source remote UE to communicate with Layer-2 U2U relay UE in the PC5 hop (i.e., in PC5 relay RLC channel). According to SA2 reply LS (R2-2301933 [3]), there is a separation between L2 IDs used for non-relay and U2U relay communication, as shown below:

	Question3b:

Whether the Layer2 ID of the remote UE can be the same for U2U Relay service and Non-relay service?

Answer 3b:
No. The Source Layer-2 IDs of 5G ProSe End UE used for 5G ProSe UE-to-UE Relay Discovery and Communication would be different from the Source Layer-2 IDs used for Non-relay discovery and Communication.



What the source remote UE used in its MAC layer transmission to U2U relay UE is an L2 ID not used to represent the end-to-end PC5 link (non-relay link). According to the answer of Q3b in the SA2 reply LS, the relay UE cannot map this source L2 ID (used for relay communication) to a source L2 ID used for non-relay communication,.

Hence, the relay UE mapping scheme is technically infeasible based on the SA2 assumption on L2 ID separation.

Proposal 8
Include both source and remote UE addresses in the SRAP header of both hops, because SA2 assumption on L2 ID separation prevents relay UE from regenerating SRAP header from L2 IDs used in the lower layer headers. 
2.5
SRAP Control PDU
In Rel-17 Layer 2 U2N relay design, the “D/C” bit is introduced in SRAP header as SRAP protocol layer is expected to have control PDUs similar to other user plane protocols. However, due to the time limit and workload concerns, there is no any SRAP control PDU specified in Rel-17.

In general, we think SRAP layer provides a unique opportunity for relay UE to fine-tune its forwarding operation for each end-to-end radio bearer. From this perspective, the SRAP control PDU will be useful to deliver “dynamical” information critical to help relay UE making scheduling decisions to guarantee QoS for an end-to-end SLRB. For example, the source remote UE may temporarily adjust “remaining PDB” requirements for relay UE to be used in the 2nd PC5 hop scheduling, e.g., based on short-term variations of in the scheduling delay in the 1st PC5 hop. In another example, the source remote UE may identify one bearer as “urgent” in a SRAP control PDU, so that the SRAP PDU(s) of this end-to-end radio bearer can preempt other traffic buffered in relay UE temporarily.
In summary, we think it is proper for RAN2 to support SRAP control PDU in Rel-18 work, mainly aims to improve the QoS for end-to-end PDCP traffic. Details of the SRAP Control PDU(s) can be further discussed.
Proposal 9
Support SRAP control PDU design to enhance the relay UE’s operation of end-to-end radio bearer. Details of Control PDU(s) can be further discussed.
3 Conclusion
In this contribution, we discussed the design issues for Layer 2 UE-to-UE relay. We have the following proposals:

Proposal 1
Different thresholds configured for SL-RSRP and SD-RSRP used to trigger U2U relay (re)selection.

Proposal 2:
Relay (re-)selection triggers “of remote UE need consider the PC5 signal strengths of both hops, if applicable.

Proposal 3:
“whether the PC5 link of the 2nd PC5 hop is already established or not” is considered as an criterion for relay (re-)selection.
Proposal 4
RAN2 reply to SA2 that ProSe authorization for U2U relay is still needed between AMF and NG-RAN.

Proposal 5
No need to differentiation Layer 2 and Layer 3 in U2U relay authorization.
Proposal 6
Allow multiplexing traffic to different remote SL destinations in the same PC5 Relay RLC channel.

Proposal 7
SRAP header with different IDs (source and destination UE ID) as baseline. FFS on the need of support of pair-based local ID.
Proposal 8
Include both source and remote UE addresses in the SRAP header of both hops, because SA2 assumption on L2 ID separation prevents relay UE from regenerating SRAP header from L2 IDs used in the lower layer headers.

Proposal 9
Support SRAP control PDU design to enhance the relay UE’s operation of end-to-end radio bearer. Details of Control PDU(s) can be further discussed.
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