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1. Introduction
In Rel-18, RAN2 discuss UE-to-UE relay. And in RAN2#120 meeting, RAN2 agreed that
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 that;
· 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].

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

· 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 on this relating issue.
2. Discussion
2.1 SD-RSRP and SL-RSRP

RAN2 agreed that;

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.
As mentioned in R2-2304075, we think that comparation between SD-RSRP and SL-RSRP may not be useful. We summarized the differences between SL-RSRP and SD-RSRP as follows;

Table 1. differences between SL-RSRP and SD-RSRP
	
	SL-RSRP
	SD-RSRP

	Cast type
	Unicast
	Broadcast

	Transmission power
	Based on SL pathloss and DL path loss

CBR/priority
	Only based on DL pathloss

CBR/priority

	Resource pool
	common
	Common or dedicated


During R17 work, RAN2 discussed power imbalance between SD-RSRP and SL-RSRP. And RAN2 decide not to introduce specific operation to distinguish SD-RSRP and SL-RSRP. For example, UE can trigger relay (re)selection based on either SD-RSRP or SL-RSRP measurement (it is up to UE whether to use SD-RSRP or SL-RSRP). And this decision may be repeated in Rel-18. However, if dedicated resource pool is configured, UE uses dedicated resource pool for discovery transmission. In this case, discovery transmission power may be different with the power of SL data transmission because related conditions (e.g. CBR of the RP, path-loss of DL) and parameters (e.g. maximum transmission power per priority/CBR) to decide the SL transmission power may be different for each RP. It makes transmission power of sidelink communication to be lower than transmission power of discovery. 

Observation1. Simple comparation between SD-RSRP and SL-RSRP may not be useful.
Furthermore, in OOC scenario, transmission power of discovery is higher than transmission power of sidelink communication in most cases. So, if UE use SD-RSRP for evaluation to trigger relay reselection, and if the threshold is configured for SL-RSRP, in most cases, SD-RSRP is higher than the threshold. However, remote UE may control transmission power of sidelink communication based on sidelink pathloss. And the higher the sidelink pathloss, the higher the transmission power of sidelink communication, and the upper limit of transmission power of sidelink communication is transmission power of discovery. If NW allows remote UE and relay UE to transmit sidelink data with maximum power configured as per UE/CBR, it has no problem to use the one threshold for triggering U2U relay (re)selection. if not, two thresholds are needed. but NW can configure UE with power limitation per CBR. Therefore, we think one threshold is enough.
Observation 2. In case that distance between two communicating UEs is farther, UE makes transmission power of sidelink communication higher to upper limit (it may be same with the power of discovery transmission) during sidelink communication.

Proposal 1. To trigger relay (re)selection, one threshold is enough.
Furthermore, following is conclusion of SA2.
· Discovery integrated into PC5 unicast link establishment procedure is supported. Sol#1 Alt1 is used as basis for normative phase.
In sol#1 Alt1 shown as following, UE does not use discovery message.
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Figure 1. Discovery integrated into PC5 unicast link establishment procedure (TR23.700-33 Sol#1 Alt-1)
So, UE-2 and/or UE-1 select Relay UE based on the RSRP of DCR/A message. We think there are some issues to support the integrated procedure. The issues are;

-
How to recognize the DCR/A message in AS layer?
-
Whether to define the RSRP of DCR/A as SD-RSRP or SL-RSRP?

For first issue, RAN2 confirmed that SL-SRB0 is reused for DCR/A message if discovery is integrated into PC5 unicast link establishment procedure. According to TS38.331-5.8.1, SL-SRB0 is used to transmit the PC5-S message(s) before the PC5-S security has been established. Incidentally, discovery message is transmitted via SL-SRB4 and by using dedicated LCID. So, UE receiving a discovery message recognizes that the message is discovery message. However, DCR/A message is transmitted via SL-SRB0 (non-dedicated bearer) and by using non-dedicated LCID. So AS layer of UE receiving DCR/A message cannot recognize that the message is discovery message. And DCR/A message for U2U relay should be differentiated with DCR/A message for Direct Communication (1 on 1 SL communication). We think that solutions for the first issue are following;
· UE measures RSRP of all PC5 message. AS layer can understand type of the PC5 message when upper layer notifies it.
· RAN2 to use dedicated SRB and/or LCID for transmission of DCR/A message for U2U relay. 
Observation 4. UE should select U2U Relay UE based on the measured RSRP of DCR/A in case the integrated procedure.

Observation 5. AS layer cannot distinguish DCR/A message from other PC5 messages (including PC5 message that will be added in the future).
Proposal 2. To distinguish DCR/A message from other PC5 message, RAN2 to select one option from the following options.
· UE measures RSRP of all PC5 message. AS layer can understand type of the PC5 message when upper layer notifies it

· RAN2 to use dedicated SRB and/or LCID for transmission of DCR/A messages for U2U relay. (if dedicated SRB is used, RAN2 reverts back the related agreement)
For second issue, RAN2 has not define that the RSRP of DCR/DCA is SD-RSRP or SL-RSRP (or other). As mentioned above, we understand that the scheme to decide SL transmission power is rely on cast type. So, firstly, we should define SD-RSRP and SL-RSRP in specification on consideration of backward compatibility. 

Observation. RAN2 has common understanding about SD-RSRP and SL-RSRP but there is no definition.
Proposal. RAN2 should specify definition of SD-RSRP and SL-RSRP on consideration of backward compatibility.

We think RAN2 has a common understanding as follows;

· SD-RSRP is RSRP measured by broadcast transmission of discovery messages

· SL-RSRP is RSRP measured by unicast transmission of sidelink communications.

· Main difference between SD-RSRP and SL-RSRP is cast type, i.e. power control.
RAN2 should also consider forward compatibility. For example, DCR should be defined as either SD-RSRP and SL-RSRP for evaluating and selecting U2U relay UE. In future release, new PC5 message can be introduced and an RSRP of the message may be used. So, we think each RSRP should be defined in terms of cast type.

Proposal. RAN2 should specify definition of SD-RSRP and SL-RSRP in terms of cast type.

· SD-RSRP is RSRP measured by sidelink transmission which cast type is broadcast or groupcast
· SL-RSRP is RSRP measured by sidelink transmission which cast type is unicast

These definitions may have backward/forward compatibility. 
According to TR23.700-33, cast type of DCR message used in “Discovery integrated into PC5 unicast link establishment procedure” is not decided in SA2 and it can be unicast or broadcast. And UE uses RSRP of DCR message for selecting U2U relay UE. To know which cast type is used for the DCR message is useful for Remote UE and remote UE can know the cast type by receiving SCI 2-A/B. Therefore, if each RSRPs are defined in terms of cast type, cast type of DCR message rely on upper layer determination. One threshold for each RSRPs are feasible to filter candidate relay UE if the threshold is configured based on SL-RSRP.
Proposal. One threshold for each RSRPs is enough to filter candidate relay UE if the threshold is configured based on SL-RSRP.
2.2 relationship between (re)selection and discovery

At the RAN2#120 meeting, RAN2 agreed as follows: 

Agreement

UE-to-UE relay selection can be triggered based on the PC5 RSRP (FFS SL-RSRP or SD-RSRP) of the direct link falling below a threshold.  FFS which remote UE (or both) can trigger relay selection.  FFS the relationship between selection and discovery.

..

Proposal 16 (modified): When the remote UE receives PC5-RLF indication from the U2U Relay UE, it would inform upper layers and rely on upper layers to trigger relay reselection (or not).  FFS if there would be any constraints on the remote UE implementation behaviour to keep or release the PC5 link with the relay UE.

The agreement from Proposal 16 which describes U2U Relay (re)selection procedure. But the agreement has an unclear point. In release 17, RAN2 specified similar procedure for (re)selection of U2N Relay UE as specified in clause 5.8.15.3 of TS38.331. The procedure for (re)selection of U2N relay includes;

· Determining whether triggering conditions are satisfied.

· Performing Discovery procedure in AS layer (i.e. preparation of resource pool for discovery transmission/monitoring).

· Selecting an U2N Relay UE. (This step may be performed after discovery transmission/monitoring.)

In release 17, U2N Remote UE may indicate to upper layer when the condition is satisfied. It seems to be same as the agreement. And then, according to the procedure of U2N relay (re)selection,

· It doesn’t depend on upper layers whether to perform preparation of RP for discovery transmission/monitoring. 

· It depends on upper layers whether to transmit discovery message and select a U2N Relay UE.

The agreement does not clarify these behaviours and the relationship between selection and discovery is FFS. We think this behaviour can adopt to U2U Relay (re)selection. The difference between U2U Relay (re)selection and U2N relay (re)selection is number of PC5 hops. U2U Remote UE (and/or U2U Relay UE) should consider the quality of both hops for (re)selection of U2U Relay. This consideration is performed in “selecting” step. So, we think there is no issue for reusing U2N relay (re)selection procedure for U2U Relay (re)selection. Further study is needed on how to consider the difference. If RAN2 reuse U2N relay (re)selection procedure for U2U Relay (re)selection, UE should perform preparation of RP when triggering condition is satisfied (e.g. PC5-RSRP becomes worse). If the agreement indicates that UE does not perform preparation of RP before receiving indication from upper layer, it does not align with U2N relay (re)selection procedure (and potentially U2U Relay (re)selection procedure). RAN2 should confirm this behaviour for further work. And RAN2 should reuse U2N Relay (re)selection procedure for U2U Relay (re)selection and introduce U2U specific conditions and parameters.

Observation 7. RAN2 confirms following behaviour for U2N Relay (re)selection

1: AS layer determines whether the conditions are satisfied.

1-1: If satisfied, AS layer indicates it to upper layers by UE implementation.

2: If satisfied, AS layer performs preparation of RP for discovery transmission.

3. Upper layers determine whether to transmit discovery message.

4. AS and upper layers select one U2N Relay UE based on AS/upper layer’s criterion.

Proposal 4. RAN2 reuse U2N Relay (re)selection procedure and introduce new condition and criterion for U2U Relay (re)selection.
2.3 U2U relay (re)selection
For the case that the direct PC5 may become better than relaying path, RAN2 agreed that remote UE triggers U2U relay selection if PC5 becomes worse. This agreement may mean UE can select to perform U2U relay when the UE determines that direct communication is difficult to continue. The determination is made based on AS criteria. However, channel occupancy of U2U relaying may be twice of channel occupancy of direct communication. Therefore, source or destination UE should use direct communication instead of U2U relaying as much as possible. 
Proposal 5. Source UE should prior direct communication instead of U2U relaying when source UE performs (re)selection of U2U Relay UE. 
And RAN2 should support the scenario that Remote UE changes from U2U relaying to direct communication based on AS criteria, because RAN2 supports the scenario that potentially Remote UE changes from direct communication to U2U relaying based on AS criteria. 
Proposal 6. RAN2 considers the scenario that Remote UE changes from U2U relaying to direct communication based on AS criteria, because RAN2 supports the scenario that potentially Remote UE changes from direct communication to U2U relaying based on AS criteria.
In RAN2#121, RAN2 agreed following point
Agreement
· 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 agreed that each remote UE can trigger Relay reselection based at least on current hop quality. In Addition, we think both hops should be considered as triggering condition. For example, SL transmission by Remote-A is frequently occurred, Remote-B can frequently evaluate PC5 RSRP between Relay and Remote-B. However, Remote-A cannot frequently evaluate PC5 RSRP between Relay and Remote-A. In this case, appropriate evaluation of U2U relaying path may not be performed by Remote-B. Therefore, UE should consider second hop between relay UE and peer UE.
Proposal 8. For triggering condition of U2U relay UE reselection, UE should consider channel quality of second hop.
And then, if RAN2 considers the condition of second hop is needed to trigger U2U relay reselection, RAN2 should discuss on how to consider the condition. We think Relay UE knows PC5 RSRP between Relay and Remote-A. One solution is that relay UE determines triggering condition and inform it to Remote-B when the condition is satisfied. Another solution is that relay UE transmit an information of PC5 RSRP between Relay and Remote-A to Remote-B (and Remote-B determines whether the condition is satisfied). Anymore, Relay UE can transmit an information related PC5 RSRP between Relay UE and peer UE.
Proposal 9. Relay UE can transmit an information related PC5 RSRP between Relay UE and peer UE.
RAN2 agreed that Remote UE can receive RLF-indication which RLF occurs between Relay UE and peer UE from Relay UE. It may be trigger of Relay reselection. In addition, if Relay UE indicates RSRP information (between Relay UE and peer UE), the UE receiving the indication may initiate Relay reselection and/or negotiated Relay reselection (as shown in TS 23.700-33).

Observation 9. If RAN2 support negotiated relay reselection, the information related PC5 RSRP between Relay UE and peer UE can be trigger of (negotiated) U2U relay reselection.
Proposal 10. RAN2 to discuss whether to support the negotiated relay reselection procedure.
For selection of relay UE, we also think both hops should be considered as criterion of selection. for example, when multiple candidate Relay UEs are same distance from selecting UE but the multiple candidate Relay UEs are different distance from Transmitting UE shown in fig. X, PC5 RSRP between Transmitting UE and candidate Relay UE should be considered.
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Figure 2. location of UEs related U2U relay.
Observation 10. If the remote UE performs negotiated relay reselection, peer UE can consider channel quality of both hops.
Proposal 11. Even U2U relay UE (re)selection other than negotiated relay reselection, UE should consider channel quality of both hops.
2.4 condition of discovery transmission for candidate U2U Relay UE

RAN2 discussed neighbour list in RAN2#120 pre-email discussion. And then, it was proposed as following [to be discussed] proposal.

Proposal 10: RAN2 to wait for more SA2 progress before discussing how to determine the neighbour list at U2U Relay UE and whether it is used as discovery transmission condition at relay UE.

Due to the meeting time, RAN2 did not discuss this proposal. In connection with this proposal, SA2 concluded the solutions (Sol#10, Sol#30) for UE-to-UE Relay discovery Model A as shown in fig. X

[image: image3.png]Source UE UE-to-UE Relay Target UE

T, Previous discovery ias been performed or there
existing communication or prior communication

/2. Announcement message (Disco Type, User Info ID of the UE-to-UE
Relay, RSC, a list of User Info ID anfl Layer-2 ID of the target UE.)
e

3. UE-to-UE Relay selection





Figure 3, Soution#10: procedure for UE-to-UE Relay discovery with Model A(TR 23.700-33 6.10.2)
According to the description of procedure 1 of fig. X, U2U Relay UE has neighbour list based on discovery or existence/prior connection before Announcement message transmission. And U2U Relay UE removes specific Target UE Info from neighbour list after the expiration (of timer). So, the neighbour list seems to be managed by upper layers. And upper layers can determine whether to transmit Announcement message based on the conditions of neighbour list. And the list may be used for discovery Model A.
In RAN2#120 meeting, based on the conclusion in SA2, some companies proposed that U2U Relay UE can transmit discovery message if target ID is in neighbour list as a discovery transmission condition. This proposal seems to be different from neighbour list discussed in SA2. But we think that the neighbour list discussed in SA2 can be used for this case (i.e. discovery Model B). And neighbour list discussed in SA2 has user Info ID and Layer-2 ID. But from RAN2 perspective, it is enough to list Layer-2 IDs. So if RAN2 introduce neighbour list to AS layers, UE will have 2 neighbour list. It is a wasteful operation. And we think upper layer determines whether the U2U Relay UE transmits discovery signalling in case that the list can be used for the discovery transmission condition. Therefore, RAN2 does not need to specify the behaviour related to neighbour list for discovery Model B. 
Observation 11. Neighbour list is managed by upper layer and used for discovery Model A.

Proposal 12. For discovery Model B, RAN2 does not specify the behaviour related to neighbour list unless SA2 asks it.
In addition, based on the figure X, Source UE selects U2U Relay UE based on Announcement message. In this case, if both hops condition should be considered, which UE determines PC5-RSRP between Relay and Target? For the use-case of wearable sensor for hospital patient, UE should select the U2U Relay that is as proximate as possible due to RF power limitation. If Source UE determines it, Relay UE should transmit the PC5-RSRP information with Announcement message. If U2U Relay UE determines it, U2U Relay UE may store the Target UE Information in neighbour list of App layer when the PC5-RSRP condition is good. So RAN2 should discuss how to consider the quality of both hops for U2U Relay (re)selection when discovery Model A is used.
Proposal 13. For discovery Model A, RAN2 should discuss how to consider the quality of both hops for U2U Relay (re)selection.
3. Conclusion

In this contribution, we made the following proposals:
· SD-RSRP vs SL-RSRP 

Observation 1. RAN2 understands that discovery and SL data are transmitted using same mechanism. 

Observation 2. UE has to compare the any combination of SD-RSRP and SL-RSRP while RAN2 continues to use RSRP as criteria.

Observation 3. When UE receives discovery messages and SL data on same resource pool, UE can properly compare the SD-RSRP and the SL-RSRP (e.g. Tx-UEs may use same transmission power).
Proposal 1. RAN2 should reuse R17 mechanism on how to use SL-RSRP and SD-RSRP.
Observation 4. UE should select U2U Relay UE based on the measured RSRP of DCR/A in case the integrated procedure.

Observation 5. AS layer cannot distinguish DCR/A message from other PC5 messages (including PC5 message that will be added in the future).
Proposal 2. To distinguish DCR/A message from other PC5 message, RAN2 to select one option from the following options.

· UE measures RSRP of all PC5 message. AS layer can understand type of the PC5 message when upper layer notifies it

· RAN2 to use dedicated SRB and/or LCID for transmission of DCR/A messages for U2U relay. (if dedicated SRB is used, RAN2 reverts back the related agreement)
Observation 6. RSRP of DCR (and DCA) has not been defined yet (as SD-RSRP, SL-RSRP, etc.).

Proposal 3. RAN2 to use SL-RSRP to treat RSRP of DCR (and DCA) unless the flaws are found.
· relationship between (re)selection and discovery

Observation 7. RAN2 confirms following behaviour for U2N Relay (re)selection

1: AS layer determines whether the conditions are satisfied.

1-1: If satisfied, AS layer indicates it to upper layers by UE implementation.

2: If satisfied, AS layer performs preparation of RP for discovery transmission.

3. Upper layers determine whether to transmit discovery message.

4. AS and upper layers select one U2N Relay UE based on AS/upper layer’s criterion.

Proposal 4. RAN2 reuse U2N Relay (re)selection procedure and introduce new condition and criterion for U2U Relay (re)selection.
· relay (re)selection
Proposal 5. Source UE should prior direct communication instead of U2U relaying when source UE performs (re)selection of U2U Relay UE. 

Proposal 6. RAN2 considers the scenario that Remote UE changes from U2U relaying to direct communication based on AS criteria, because RAN2 supports the scenario that potentially Remote UE changes from direct communication to U2U relaying based on AS criteria.
Observation 8. Upper layer understands whether itself is source UE and decide whether to transmit discovery message for U2U relay (re)selection.

Proposal 7. Both UE can trigger AS procedure of the U2U relay (re)selection. 
Proposal 8. For triggering condition of U2U relay UE reselection, UE should consider channel quality of second hop.
Proposal 9. Relay UE can transmit an information related PC5 RSRP between Relay UE and peer UE.
Observation 9. If RAN2 support negotiated relay reselection, the information related PC5 RSRP between Relay UE and peer UE can be trigger of (negotiated) U2U relay reselection.
Proposal 10. RAN2 to discuss whether to support the negotiated relay reselection procedure.
Observation 10. If the remote UE performs negotiated relay reselection, peer UE can consider channel quality of both hops.

Proposal 11. Even U2U relay UE (re)selection other than negotiated relay reselection, UE should consider channel quality of both hops.
· Conditions for discovery transmission
Observation 11. Neighbour list is managed by upper layer and used for discovery Model A.

Proposal 12. For discovery Model B, RAN2 does not specify the behaviour related to neighbour list unless SA2 asks it.
Proposal 13. For discovery Model A, RAN2 should discuss how to consider the quality of both hops for U2U Relay (re)selection.
4. Reference

[1]
RP-221262, Revised WID on NR sidelink relay enhancements.
[2]
TR 23.752 v17.0.0, Study on system enhancement for Proximity based Services (ProSe) in the 5G System (5GS)
[3]R2-221xxxx, Report of 3GPP TSG RAN WG2 meeting #119bis-e, Online
[4]
TS 38.331-v17.2.0
[5]TR 23.700-33 v18.0.0
UE-1

Relay-1

Relay-2

UE-2

0. Service authorization and parameter provisioning

1, Direct Communication Request (relay_indication enabled)

2. Decide to participate in the procedure

3, Direct Communication Request

3, Direct Communication Request

4. Decide which path to choose

4, Direct Communication Accept

4, Direct Communication Accept

5. Decide which path to use

6b. End-to-end PC5 link establishment for L2 UE-to-UE Relay case

Security Establishment

Security Establishment

4, Direct Communication Accept

Security Establishment

0. Service authorization and parameter provisioning

0. Service authorization and parameter provisioning

0. Service authorization and parameter provisioning

6a. IP allocation and retrieval for L3 UE-to-UE Relay case

2. Decide to participate in the procedure




