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Introduction
During the Study Item (SI) of NR Sidelink Relay that mainly aims to study single-hop NR sidelink-based relay mechanisms (e.g., relay (re-)selection criterion) for sidelink-based UE-to-UE (U2U) and UE-to-Network (U2N) relays with minimum specification impact and upper layer operations of discovery model/procedure for sidelink relaying without introducing new physical layer channel/signal have been investigated [1]. During the last two meetings, the RAN2#112e and RAN2#113e meetings, several agreements were made on relay selection and reselection [2][3], and the overall results of the SI are reported in TR 38.836 [4]. 
From this RAN2#113-bis-e meeting on April, Rel-17 Work Item (WI) for NR Sidelink Relay [5] is initiated to specify solutions to enable single-hop, sidelink-based, L2 and L3 based U2N relaying, and the detailed objectives are summarized as follows:
	[bookmark: _Hlk67323386]Work Item objectives on aspects common to both L2 and L3:
1. Specify mechanisms for U2N relay discovery and (re)selection for L3 and L2 relaying [RAN2, RAN4]
a. Re-use LTE relay discovery and (re)selection as baseline
2. Specify mechanisms for Relay and Remote UE authorization for L3 and L2 relaying [RAN3]
a. Re-use LTE as baseline
Work Item objectives specific to Layer-2 (L2) relaying:
3. Specify mechanisms for E2E, i.e. PC5 and Uu, QoS management [RAN2]:
4. Specify mechanisms for service continuity 
a. Limited to intra-gNB cases [RAN2]
5. Specify mechanisms for U2N Adaptation layer design [RAN2]
a. For bearer mapping and Remote UE identification, incl. RAN related security aspects if any
6. Specify Control Plane procedures for U2N, including RRC connection management, system information delivery, paging mechanism and access control for Remote UE [RAN2, RAN3]



Regarding the above objective specifying mechanisms for U2N relay discovery and (re)selection, additional information such as Zone ID, Communication Range Requirement (CRR), and received power difference, can be considered for relay discovery and (re)selection criteria. Therefore, in this contribution, we discuss the necessity and potential issues of applying this information to the relay discovery/(re)selection. 

Discussion
Relay (re)selection with consideration of Zone ID and CRR
In the current sidelink specifications for NR V2X, different from LTE V2X, Sidelink Control Information (SCI) is transmitted in two stages. The first-stage SCI carried on PSCCH contains information for facilitating sensing operations and information for the resource allocation of the PSSCH, and the second-stage SCI transmitted on PSSCH includes information required to decode the associated TB. On top of that, in the NR sidelink, 12-bit Zone ID and 4-bit communication range requirement (CRR) are introduced to SCI format 2-B, one of the second-stage SCI formats. Zone ID indicates the zone in which the TX UE is located, and thus it allows an RX UE to estimate the distance from the TX UE using its position information. Since link quality between Tx and Rx can be inferred from the distance between them, acquisition of position information (like Zone ID) of TX UE can play a crucial role in the relay (re)selection. Hence, Zone ID and CRR can be considered as additional information for designing criteria of relay (re)selection.
Observation 1: In the current sidelink specification, Zone ID and CRR that might be used for designing relay (re)selection criteria are part of information carried by SCI format 2-B, one of the second-stage SCI formats.
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[bookmark: _Ref68124632]Figure 1 An example of relay (re)selection using Zone ID and CRR.

Figure 1 illustrates how Zone ID (or other position information) and CRR can be used for a U2N (or U2U) relaying scenario where two remote UEs communicate with a gNB (or source UE) and there are three relay UEs that can be selected by the remote UEs for relaying. From a remote UE point of view, it is important to select the best relay UE from relay UEs that are located close enough to maintain reliable communication with the gNB. If position information of the gNB such as Zone ID and CRR can be delivered to relay UEs located within the coverage, the relay UEs can determine whether they can serve as a relay. The CRR used for relay (re)selection may be set differently depending on the data rate required for communication between gNB (or source UE) and a relay UE. If a relay UE is located within the CRR, it broadcasts its Zone ID and CRR that are received by the remote UE to calculate the distance from the relay UE. Then, if the remote UE is located within the CRR of the relay UE, it can select the relay UE for relaying communication. In our option, this mechanism is particularly useful when there are a lot of relay UEs located near a remote UE since the number of relay UE candidates can be reduced by removing the relay UEs from the candidate if the Zone ID and CRR-based conditions are not satisfied.
Nevertheless, it is also very important to investigate whether introducing such information for relay (re)selection could be realized without unexpected specification impact. In our opinion, reusing Zone ID and CRR transmitted by SCI format 2-B in the current specification could be the simplest option. However, since the Zone ID and CRR was originally introduced for NACK-only feedback (option 1) in groupcast, it is necessary to study a mechanism for RX UEs to distinguish whether this information is used for the original purpose or relay communication. Alternatively, the Zone ID and CRR can be included in a discovery message.
Proposal 1: We suggest that we should further investigate whether Zone ID and CRR can be employed for relay (re)selection criteria and its specification impact.
Proposal 2: If it is feasible to employ the Zone ID and CRR for relay (re)selection, it is suggested to study mechanisms for RX UEs to distinguish whether this information is used for relay communication or NACK-only feedback (option 1) in groupcast.

Relay (re)selection with consideration of power imbalance
In some relaying scenarios, a relay UE may receive data from gNB (or source UE) and the remote UE in the same time slot. In this case, a received power imbalance may occur depending on the locations of the three UEs. As illustrated in Figure 2, when the distance between gNB and relay UE is much closer than the distance between relay UE and remote UE, the strength of signal received from the gNB can be much greater than the strength of signal received from the remote UE. In addition, in the case of U2N relaying, since the gNB operates higher transmission power than the remote UE, the probability of such a situation is higher. Then, if the power difference between the two received signals exceeds a certain value, the received signal is distorted in the AGC, which may result in serious reception performance degradation. Therefore, it is important for the remote UE to be aware of which relay UEs are less likely to cause the power imbalance problem in order to select the best relay UE from the relay UEs. For example, a group of relay UE candidates  can be defined such that a relay UE satisfies the condition, , for a specific time period, . The group of relay UE candidates  can be expressed as follows,

where  and  represent RSRP between i-th relay UE and source UE and RSRP between i-th relay UE and destination UE (remote UE), respectively, and  denotes the maximum received power difference allowed at i-th relay UE that does not cause signal distortion due to the power imbalance at AGC. For this reason, it is suggested to initiate a study on whether such information is required or can be considered for designing relay (re)selection criteria, and if agreed, we further suggest that information related to link quality between gNB (or source UE) and relay UE should be sent to the remote UE.
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[bookmark: _Ref47562557]Figure 2 An example illustrating a possible scenario where a power imbalance of received signals occurs.

Observation 2: In the case of a relay UE simultaneously receiving data from a gNB (or source UE) and a remote UE, a large power imbalance between the two received signals may occur, which could seriously degrade relaying performance.
Proposal 3: We suggest that a study on whether it is necessary to investigate the power imbalance issue for designing relay (re)selection criteria should be initiated.
Proposal 4: If the suggested study on power imbalance issues for relay (re)selection is agreed, we further suggest that information related to link quality between gNB (or source UE) and relay UE should be sent to the remote UE.

Conclusion
This contribution discussed additional information that could be used to design criteria for relay discovery and (re)selection, and made the following observations and proposals:
Observation 1: In the current sidelink specification, Zone ID and CRR that might be used for designing relay (re)selection criteria are part of information carried by SCI format 2-B, one of the second-stage SCI formats.
Observation 2: In the case of a relay UE simultaneously receiving data from a gNB (or source UE) and a remote UE, a large power imbalance between the two received signals may occur, which could seriously degrade relaying performance.
Proposal 1: We suggest that we should further investigate whether Zone ID and CRR can be employed for relay (re)selection criteria and its specification impact.
Proposal 2: If it is feasible to employ the Zone ID and CRR for relay (re)selection, it is suggested to study mechanisms for RX UEs to distinguish whether this information is used for relay communication or for NACK-only feedback (option 1) in groupcast.
Proposal 3: We suggest that a study on whether it is necessary to investigate the power imbalance issue for designing relay (re)selection criteria should be initiated.
Proposal 4: If the suggested study on power imbalance issues for relay (re)selection is agreed, we further suggest that information related to link quality between gNB (or source UE) and relay UE should be sent to the remote UE.
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