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1. Introduction
In Rel-18, RAN2 discuss UE-to-UE relay. And in RAN2#121bis-e meeting, RAN2 agreed that
Agreements:

· For Model A discovery, the relay UE should only announce the neighbour UEs for which the SD-RSRP/SL-RSRP between the relay UE and the neighbour UE is above a configured threshold in a discovery announcement message. LS is sent to SA2.

· For Model A discovery, upon discovery message reception, remote UE considers a relay UE as a candidate relay UE if the SD-RSRP towards the relay UE is above a configured threshold.

· For Model B discovery, upon discovery response messages reception, the source remote UE considers a relay UE as a candidate relay UE if the SD-RSRP towards the relay UE is above a configured threshold.

· For integrated-discovery, when receiving DCR message from one or multiple relay UEs, the target remote UE should consider candidate relay UEs towards which the SL-RSRP is above a configured threshold to respond and that satisfy upper-layer criteria, and select a relay UE from among them.

· For non-integrated U2U relay discovery model B, when relay (re)selection is triggered at the remote UE, the discovery transmission may be triggered at the same time to search for candidate relay UEs.

· Separate thresholds for SL-RSRP and SD-RSRP are configured for the trigger of U2U relay (re)selection. 

· Besides the PC5 link quality, RAN2 does not pursue other AS criteria for relay (re)selection.

· For the E2E SL-SRB configuration of U2U relay, specified PDCP configuration is used. FFS for the SRAP and PC5 RLC channel configuration for SL-SRB.  

· AS layer is responsible for QoS split in L2 U2U relay.

· Relay UE is responsible for AS layer QoS split in L2 U2U relay. 

· For OOC U2U relay/remote UE, pre-configuration is used for the E2E SL-DRB and per-hop PC5 RLC channel configuration.

· For RRC_IDLE/INACTIVE U2U relay/remote UE, SIB is used for the E2E SL-DRB and per-hop PC5 RLC channel configuration.

· Following agreements do not imply agreement to use a short ID.

· For the possible use of a short ID in U2U relay, RAN2 will down select between the following options for identifying the source and destination remote UEs at the SRAP layer:

· a)
Single ID, identifying the source and destination remote UEs

· b)
Source ID and Destination ID

· For the possible use of a short ID in U2U relay, the U2U relay UE performs the ID assignment. FFS if this ID should be assigned hop-by-hop or globally.

· LS related

· Authorization for L2 U2U relay operation is supported.

· The support of authorization for L2 U2U relay operation does not mean the dedicated configuration for U2U relay has to be supported. Whether the dedicated configuration for U2U relay is supported or not is FFS.

· Authorization for L2 U2U relay operation includes: 1) whether the UE is authorized to act as a 5G ProSe Layer-2 U2U Relay UE; 2) whether the UE is authorized to act as a 5G ProSe Layer-2 U2U Remote UE.

· Authorization for L3 U2U relay operation is not supported. 

· The legacy authorization for “5G ProSe Direct discovery” and “5G ProSe Direct communication” can be reused for L3 U2U remote/relay UE.
In this paper, we discuss on this relating issue.
2. Discussion
2.1 U2U relay (re)selection
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 PC5 RSRP between Transmitting UE and candidate Relay UE should be considered.
Observation 1. If the remote UE performs negotiated relay reselection, peer UE can consider channel quality of both hops.
For a good quality link, an MCS can be selected that allows high efficiency transmission, thus requiring less radio resources to transmit some data. Therefore, using better links on both hops leads to reduced radio resources. so, remote UE should choose the U2U relay UE considering the quality of both hops.
Observation 2. Using better quality link needs less radio resource by using high efficiency MCS.
2.1.1 Simulation analysis for effectiveness of (re)selection
Here, we compare system level performance between four cases as follows;

· Case 1: Source UE transmits data to Target UE directly (i.e., not using relay).
· Case 2: Source UE selects Relay UE from the candidates based on only the RSRP of first hop and determines whether to use relay or not based on the RSRP (i.e., agreed situation at last meeting)
· Case 3: In the case that candidate Relay UE transmits the discovery response message with RSRP between the Target UE and the relay UE, Source UE selects Relay UE from the candidates and determines whether to use relay or not based on RSRP (i.e., proposed situation).
· Case 4: In the case that candidate Relay UE transmits the discovery response message with RSRP between the Target UE and the relay UE, Source UE selects Relay UE from the candidates and determines whether to use relay or not based on RSRP. In this case, Source UE knows the RSRPs of all UE pairs (i.e., ideal situation).
For simulation parameter settings, see Appendix 5A. In this simulation, Source UE selects Relay UE aims to maximize the lower RSRP between the first and second hops. Then, if the RSRP between the Source UE and Target UE is higher than that in relaying, Source UE transmits data to Target UE directly.
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Figure 1. ECDF of RSRP at Target UE. To compare the cases, when using relay, the smaller RSRP between first and second hop is illustrated. Left: Threshold = -80 dBm. Right: Threshold = -70 dBm.
Figure 1 shows the empirical cumulative distribution function (ECDF) of RSRP at Target UE. The results show that relaying can improve minimum RSRP between the first and second hop. In addition, Case-3 has better performance than Case-2 and is good agreement with the Case-4. By improving RSRP of both hops, Source UE and Relay UE can use high efficiency MCS.
Observation 3. In the case that Source UE select Relay UE to maximize the lower RSRP between the first and second hops, the link quality improves.
Hence, Relay UE should send RSRP parameter of another hop to a Source UE, and Source UE should consider the quality of both hops to determine Relay UE.
Proposal 1. Remote UE should choose the U2U relay UE considering the quality of both hops.
Proposal 2. Relay UE should send RSRP related parameter of another hop to a remote UE. 

2.1.2 Threshold of SD-RSRP and SL-RSRP
Here, threshold to discovery candidate Relay UE have significant impact on the performance of relay and load of system overhead (e.g., signalling overhead). Figure 2 show the ECDF of RSRP and the number of candidate Relay UE in the case that threshold RSRP to detect candidate Relay UE are -90, -80, -70, and -60 dBm. 

[image: image2.png]Probability
© o o o o
6) » ~ oo (o) —

o
N

0.3 —— Threshold = —90 dBm| -
—— Threshold = —80 dBm
0.2 —— Threshold = =70 dBm| -
— Threshold = —60 dBm
0.1 .
O ] 1 1
—-100 -80 —60 -40 -20

RSRP (dBm)

Probability
© o o o o
6) » ~ oo (o) —

o
N

N
W

—— Threshold = —90 dBm

0.2 —— Threshold = =80 dBm
—— Threshold = =70 dBm
0.1 — Threshold = =60 dBm
O L 1 1
0 20 40 60 80

Number of candidate Relay UE

100




Figure 2. ECDF in the case that thresholds of RSRP are set to -90, -80, -70, and -60 dBm. Left: RSRP at Target UE. Right: Number of candidate Relay UE.
The results show that lower threshold can improve link quality but enlarge overhead to detect candidate Relay UE and send information (including RSRP) between candidate Relay UE and Target UE. However, the high threshold may decrease link quality because the probability of using relaying decreases. 
Observation 4. If threshold of SD-RSRP/SL-RSRP is set to low value, it causes too big system overhead. In contrast, if threshold is too high, link quality deteriorates. 
Therefore, when detecting candidate Relay UE, the upper and lower threshold should be set appropriately depending on the desired RSRP at Target UE. When Relay UE receives discovery message from Source UE and the RSRP is between the upper and lower threshold, Relay UE should send discovery message to Target UE. Then, Target UE also receives discovery message from Relay UE with appropriate RSRP, Target UE transmits the discovery response message to Relay UE. And then, Relay UE transmits the discovery response message to Source UE. 
Figure 3 shows ECDF of RSRP at Target UE and number of candidate Relay UE in the case that the upper and lower thresholds are -70 and -60 dBm, respectively. Here, in this simulation, we assume that the desired RSRP at Target UE is -70 dBm. To compare with the case considering only the lower threshold, the ECDF of Figure 2 is also illustrated. 
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Figure 3. ECDF in the case that thresholds of RSRP are set to -90, -80, -70, -60, and (-70, -60) dBm. Left: RSRP at Target UE. Right: Number of candidate Relay UE.
The results show that upper threshold can make the possibility where RSRP at Target UE is above desired RSRP slightly smaller and the number of candidate Relay UE smaller than the case of considering only the lower threshold of -70 dBm. 
Observation 5. If not only the lower threshold but also upper threshold is set appropriately, the number of candidate Relay UE becomes smaller, but the RSRP at Target UE becomes worse. 
Hence, to decrease system overhead to detect candidate Relay UE and send information (including RSRP) between candidate Relay UE and Target UE, threshold of SD-RSRP/SL-RSRP should consists of the upper limit and lower limit.
Proposal 3. Threshold of SD-RSRP/SL-RSRP should consists of the upper limit and lower limit. 
2.2 adaptation layer design
RAN2 discussed on SRAP (header) design in email discussion but there is no online discussion on this topic. Firstly, we considered about SRAP header design. In the email discussion, there are 5 options as follows;
· Option 1: Target remote UE ID (layer-2 ID) in first hop and source remote UE ID (layer-2 ID) in second hop.
· Option 2: Target remote UE ID (local ID) in first hop and source remote UE ID (local ID) in second hop. 

· Option 3: Both source remote UE ID (layer-2 ID) and target remote UE ID (layer-2 ID) included in each hop. 

· Option 4: Both source remote UE ID (local ID) and target remote UE ID (local ID) included in each hop.

· Option 5: A common ID for a pair between source UD and target remote UE included in each hop. (Rapp: In option 5, a local pair ID for a pair between source UE and target U is included in each hop. Namely, common ID for a pair= local pair ID)

At the last meeting, option 1 was rejected, and option 2 merged into option 5. To compare the remaining options, the advantage and disadvantage of option 3, 4, and 5 are listed as below:
[option 3]
· Advantage: There is no need to assign UE ID at AS layer.
· Disadvantage: Signalling overhead is large because one L2 ID occupies 24 bits.
· Disadvantage: Source/destination L2 ID is updated by upper layer as specified in TS.304-6.4.3.2, and ID changing needs mapping changing.
[Option 4]

· Advantage: There is no need to change two IDs in the SRAP header in each hop.
· Disadvantage: Signalling overhead is larger than that of option 5 because two local ID must be included.
· Disadvantage: Local IDs must be assigned to UEs.
[Option 5]

· Advantage: Signalling overhead is the smallest because only one local ID is needed.
· Advantage: Just maintaining common ID for each hop may be needed.
· Disadvantage: Contents of SRAP header must be changed in each hop.
· Disadvantage: Information of direction must be included.
· Disadvantage: Common ID must be associated with any other UE ID to know where the packet came from. 
1) If UE ID is L2 ID, mapping must be changed regularly.
2) If UE ID is local ID, local IDs must be assigned to UEs. In addition, mapping of common ID and two local IDs is needed.
We think that Option 3 should be rejected because of signalling overhead and update procedure of L2 ID. If the period of communication is short, to decrease the signalling to assign ID, we think option 4 may be reasonable way. However, if the period is long, to decrease overhead, we think option 5 may be reasonable way. 
Comparing option 4 and 5, we think option 4 is more reasonable way. This is because V2X communication, which is one of the usages of sidelink U2U relay, should communicate in the short period. Therefore, option 4 may be better.

Proposal 4. Both local UE ID (source and destination) should be included in SRAP header.
3. Conclusion

In this contribution, we made the following proposals:
Observation 1. If the remote UE performs negotiated relay reselection, peer UE can consider channel quality of both hops.

Observation 2. Using better quality link needs less radio resource by using high efficiency MCS.

Observation 3. In the case that Source UE select Relay UE to maximize the lower RSRP between the first and second hops, the link quality improves.
Proposal 1. Remote UE should choose the U2U relay UE considering the quality of both hops.
Proposal 2. Relay UE should send RSRP related parameter of another hop to a remote UE. 

Observation 4. If threshold of SD-RSRP/SL-RSRP is set to low value, it causes too big system overhead. In contrast, if threshold is too high, link quality deteriorates. 
Observation 5. If not only the lower threshold but also upper threshold is set appropriately, the number of candidate Relay UE becomes smaller, but the RSRP at Target UE becomes worse. 
Proposal 3. Threshold of SD-RSRP/SL-RSRP should consists of the upper limit and lower limit. 
Proposal 4. Both local UE ID (source and destination) should be included in SRAP header in each hop.
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5. Appendix
5A. Simulation assumptions

Table 1 Simulation assumptions
	Parameter
	Value

	Carrier Frequency
	4 GHz 

	Minimum inter-UE distance
	1 m 

	Antenna setup
	Tx: 1, Rx: 1

	Antenna configuration
	Isotropic (Gain = 0 dB)

	UE Tx power 
	23 dBm (fixed)

	UE antenna height 
	1.5 m 

	UE receiver noise figure
	9 dB

	UE distribution
	Uniform

	System bandwidth
	20 MHz

	Number of UEs
	100

	Layout
	300 m x 300 m

	Scenario (pathloss and shadowing)
	InF-SL

	Clutter size, height, and density
	2 m, 10 m, 20 %


