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1. Introduction
In Rel-18, RAN2 discuss UE-to-UE relay. And in RAN2#123, RAN2 agreed that
Agreements:

· UE in RRC_CONNECTED state can obtain UE-to-UE relay discovery parameters in dedicated discovery configuration.

· For integrated discovery DCA message, no AS criterion is needed for the relay UE to forward the response message to the source Remote UE.

· For Model B, the relay UE forwards the solicitation message only if the PC5 RSRP between the relay UE and the source remote UE is above a threshold.

· For Model B, no AS criterion is needed for the relay UE to forward the response message to the source Remote UE.

· E2E SL-SRB and E2E SL-DRB use different index(es).

· Fixed index (i.e., 0/1/2/3) are defined for E2E SL-SRB 0/1/2/3 respectively.

· Use specified PC5 RLC Channel configuration on each hop for E2E SL-SRB 0/1/2/3.

· The TX Remote UE derives the PDCP and SDAP configuration for e2e SL-DRB and provides the portion of the configuration related to RX to the RX Remote UE using E2E PC5-RRC message (similar to legacy PC5 configuration).

· The TX Remote UE derives the first hop configuration (e.g. PC5 relay RLC Channel configuration) for SL-DRB and provides to the relay UE the portion of the configuration related to RX on the first hop (i.e., Rx by the relay UE), using per-hop PC5-RRC message (similar to legacy PC5 configuration).

· The two conclusions above do not exclude the derivation involving information from gNB/preconfiguration/specified configuration.

· Split PDB is sent to the source (TX) Remote UE from the Relay UE.

· It is left to Relay UE implementation on how to split the PDB.

· The Relay UE derives the second hop configuration (e.g. PC5 relay RLC Channel configuration) for each SL-DRB.

· It is FFS how the Relay UE derives second hop configuration for SL-DRB.

· Same as L3 based U2U relay, the QoS split should be per e2e QoS flow, and RAN2 expect that the source UE will inform the Relay UE QoS flow(s) and corresponding QoS profiles.  FFS if this requires AS signalling or can be done in upper layers.

· At least PDB is sent from the source UE to the relay UE for splitting.

· The source UE sends to the Relay UE all the QoS profiles for the e2e QoS flows.

· At least for single-hop relay, use local ID instead of L2 ID as UE ID in SRAP header. 

· At least for single-hop U2U relay, two local IDs are included in SRAP header to identify source and target Remote UE respectively.  FFS impact on SRAP header.

· For single-hop U2U relay, the local ID for a particular UE is the same on both hops.
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 a criterion of selection. For example, when multiple candidate Relay UEs are at the same distance from the selecting UE, but the multiple candidate Relay UEs are at a different distance from Transmitting UE, PC5 RSRP between Transmitting UE and candidate Relay UE should be considered. In case of negotiated relay reselection, one remote UE reports a list of candidate relay UEs ordered by UE preference (e.g. by link quality) to the peer remote UE. Therefore, in case of negotiated relay reselection, peer UE can consider channel quality of both hops.
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 relay UE considering the quality of both hops.
Observation 2. Using better quality links on both hops needs less radio resource by using high efficiency MCS.
2.1.1 Simulation analysis for effectiveness of (re)selection
Here, we compare system-level performances of the following four cases;

· 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 to date)
· 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 of both hops (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 that 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 a high-efficiency MCS.
Observation 3. In the case that Source UE selects Relay UE to maximize the lower RSRP between the first and second hops, the link quality improves.
Hence, Relay UE should send RSRP-related information 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. Remote UE should receive RSRP-related information between the relay UE and the peer remote UE to be communicated with through the relay UE.
The RSRP parameter of another hop can be also used to select direct link (i.e., a link without relay) or indirect link (i.e., a relayed link). To utilize frequency and time resources efficiently, direct link should be prioritized if the RSRP of the direct link is sufficiently high. In addition, using a direct link will be simpler and more stable than using indirect link. Especially, considering future multi-hop U2U relay, meaningless hops cause an unnecessary system overhead. Therefore, direct link should be prioritized over indirect link.
Proposal 3. Direct link should be prioritized over indirect link when the RSRP-related information between Source UE and Target UE exhibits a sufficiently good performance.
2.1.2 Threshold of SD-RSRP and SL-RSRP
Here, a threshold to discover a candidate Relay UE have a significant impact on the performance of relay and load of system overhead (e.g., signalling overhead). Figure 2 shows 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. 
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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.
These results show that a lower threshold can improve the link quality but enlarge an overhead to detect candidate Relay UE and send information (including RSRP) between candidate Relay UE and Target UE. However, an excessively higher threshold may decrease the link quality because the probability of using relaying decreases. 
Observation 4. If threshold of SD-RSRP/SL-RSRP is set to a low value, it causes a larger system overhead. In contrast, if threshold is set to a high value, link quality deteriorates because the probability of using relaying decreases. 
Therefore, when detecting candidate Relay UE, both the upper and lower threshold should be set appropriately depending on the desired RSRP at Target UE. When Relay UE receives a discovery message from Source UE, and the RSRP is between the upper and lower threshold, Relay UE should send a 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 a lower threshold but also an upper threshold is set appropriately, the number of candidate Relay UEs can be drastically reduced with a slight RSRP deterioration at Target UE. 
Hence, to decrease a system overhead to detect candidate Relay UE and send information (including RSRP) between candidate Relay UE and Target UE, a threshold of SD-RSRP/SL-RSRP should consists of the upper limit and lower limit.
Proposal 4. For U2U relay (re)selection procedure, RSRP should have an upper and lower limit as thresholds to reduce the number of candidate Relay UEs. 
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 links on both hops needs less radio resource by using high efficiency MCS.
Observation 3. In the case that Source UE selects 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. Remote UE should receive RSRP-related information between the relay UE and the peer remote UE to be communicated with through the relay UE.
Proposal 3. Direct link should be prioritized over indirect link when the RSRP-related information between Source UE and Target UE exhibits a sufficiently good performance.
Observation 4. If threshold of SD-RSRP/SL-RSRP is set to a low value, it causes a larger system overhead. In contrast, if threshold is set to a high value, link quality deteriorates because the probability of using relaying decreases.
Observation 5. If not only a lower threshold but also an upper threshold is set appropriately, the number of candidate Relay UEs can be drastically reduced with a slight RSRP deterioration at Target UE.
Proposal 4. For U2U relay (re)selection procedure, RSRP should have an upper and lower limit as thresholds to reduce the number of candidate Relay UEs.
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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 %


