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1. Introduction
[bookmark: _Hlk46842767][bookmark: Proposal_Pattern_Length]In the last RAN2 meeting, there was some discussion on relay (re-)selection for both Layer-2 and Layer-3 based relaying.  Further discussion on the baseline design and overall procedure for relay selection and reselection and any potential enhancements was handled via an email discussion [1], but there seem to be several unresolved aspects that need to be clarified. In this contribution, we discuss some of these aspects, specifically on the AS layer criteria for relay (re-)selection, details on the relevant parameters for relay (re)selection and other issues.
1. Discussion
AS layer criteria for Relay UE
In LTE D2D design, the relevant configuration for relay UE and remote UE to perform SL discovery is provided by the network. Specifically, SIB19 contains the RSRP thresholds and hysteresis values for both the relay and remote UE as well as relay reselection information ReselectionInfoRelay for the remote UE to be able to reselect to another relay UE [2]. During the email discussion, while there seems to be consensus on the usage of LTE ProSe based design, the need for additional criteria (either at the upper layers or AS layer) is less clear and there are a number of options proposed by companies. In the discussion below, we aim to look at some of the potential candidate criteria in more detail and discuss their usefulness and applicability in relay reselection. It should be noted that unless explicitly stated, the discussion and proposals should be applicable for both Layer-2 and Layer-3 relaying.
Link Quality for the first hop
For both the U2N and U2U relay case, the link quality between the remote UE and the candidate relay UE is indeed the prime criteria for relay selection. As per LTE design as well, the remote UE evaluates relay UEs based on the PC5 link quality meeting the configured threshold. The key difference however is the measurement itself, i.e. what signal does the remote UE use for this measurement. In LTE, given the presence of a dedicated physical channel for discovery, it was the SD-RSRP which was evaluated against the threshold for both (initial) relay selection and relay reselection. However, for NR sidelink, since no such physical channel exists, the measurement has to be based on the discovery message which may be sent over PSSCH instead. Therefore, the remote UE performs measurements on PSSCH and after decoding the broadcasted discovery message, it can determine whether or not the relay UE meets the link quality criteria.
In addition, the measurements for initial relay selection and relay reselection might be different since unlike LTE, NR sidelink supports the establishment of unicast link between peer UEs. So, if the remote UE already has a unicast link established to its relay UE, the SL-RSRP for the established link can serve as an indicator of when the remote UE might need to reselect to another relay UE. However, given that the discovery message is expected to be broadcasted by the relay UE at periodic intervals anyway and measurements/power control for the broadcast discovery message vs the unicast transmissions between already connected UEs over sidelink are generally expected to be different, there is an argument to be made to always rely on the measurement of the broadcasted discovery message for relay selection and reselection. In addition, even if a unicast link already exists between the remote UE and the relay UE, there may not be any ongoing transmission for the remote UE to perform SL-RSRP measurements on and so it would have to rely on measuring the signal strength of the broadcasted discovery message in that case. So, we think that we can use the measurement of the sidelink broadcasted discovery message for triggering relay selection and reselection.
Proposal1:	It is proposed to use the RSRP measurement of the SL discovery broadcast message by the relay UE(s) for both initial relay selection and reselection.

Link Quality for the second hop
In addition to the link quality on the first hop, another question is whether the link quality of the second hop (relay UE to gNB in case of U2N and relay UE to destination remote UE in case of U2U) should be considered in relay (re-)selection. 
For U2N case, this can be accomplished by relying on the dissemination of discovery messages by the relay UE itself, which is based on its link quality to the gNB. Specifically, since the relay UE has a configured criteria for Uu link quality to determine whether it can advertise itself as a relay, this can serve as an implicit indication. In our view, there is no further need to deviate from this design, especially since the definition of a so-called ‘best’ relay UE to select to is quite fuzzy. For instance, simply selecting the relay UE with the highest Uu RSRP might not always be the best choice (as discussed in [1]).
Observation1:	Link quality between the relay UE(s) and the gNB is already taken into account by configured RSRP thresholds for discovery.

While it is clear that based on LTE design, the relay UE can determine whether or not it can act as a suitable relay based on the NW configured criteria (i.e. Uu link quality), it is not immediately clear how this works for the case of U2U case. For instance, we cannot always assume that the candidate relay UE(s) have already established a PC5 unicast link to the destination remote UE that the initiating remote UE is interested in communicating with. In our view, if we want to keep aligned with the U2N behaviour, i.e. take the 2nd hop link quality into account in some way, the most suitable way should be to handle this during discovery procedure. Essentially, the relay UE should be able to at least convey some information about the already connected UEs via the discovery message so that the remote UE has some knowledge when selecting between candidate relay UEs. This indication can be as simple as indicating the L2 DST IDs for the remote UEs already connected to the relay UE and above a certain configured/specified threshold. Alternatively, it can include some AS or upper layer identifiers within the discovery messages. 
In addition, in case of relay reselection, the remote UE can obtain periodic and/or event-triggered measurements from the connected relay UE for the 2nd hop link to the destination remote UE. This can be compared against a configured threshold to determine if the remote UE needs to trigger relay reselection and is quite similar to the legacy relay reselection trigger except that both the first hop and second hop link qualities can be taken into account. Once triggered, the remote UE can then rely on information about the destination UE potentially included in the broadcast discovery message by candidate relay UEs as discussed above.
Of course, since it also pertains to the discovery message contents itself, SA2 can be consulted on whether it is feasible to include some AS layer information within the discovery message. In any case, we propose to discuss whether we should aim for common behaviour for U2N and U2U case and if so, how can the link quality for the second hop be incorporated within the relay (re-)selection criteria.
[bookmark: _Hlk54206134]Proposal 2:	For the U2U case, RAN2 should further discuss the following options for indicating the 2nd hop link quality to the remote UE for relay (re-)selection: a) Via indication as part of the broadcast discovery message during relay (re-)selection, b) via link quality measurement reporting (using dedicated AS layer signalling over PC5-RRC) when triggering relay reselection

Need for additional AS criteria
Relay Load:
An important factor that was discussed in the email discussion pertains to the so-called relay ‘load’ of the candidate relay UE, which can generally be indicative of whether the relay UE can serve the QoS requirements of the remote UE. In our view, we first need to determine a more precise definition of ‘relay load’ as it can refer to numerous things, e.g. support of QoS for certain SL services, the relay UE’s capability/data rate as well as potential power consumption constraints. Given the breadth of possible factors that can impact this ‘relay load’, it is not clear how this can be reasonably specified in any shape or form. At the same time, based on internal UE interaction between AS and upper layers, the upper layers can always be informed about the current load at the relay UE, which can take this into account when advertising as a relay. So, in our view, while it can be a useful criteria to consider at the AS, given the complexity associated with specifying how this relay load is computed and imparted to the nearby remote UEs as well as the lack of time for this study, we propose to simply incorporate it as part of criteria which can be taken into consideration by the AS layer and indicated to the upper layers to assist in determining whether the UE continues to act/advertise as a relay. 
Proposal 3:	The relay UE load can be incorporated as an internal UE indication by the AS layer to the upper layers to stop/start broadcasting discovery messages.
QoS Requirement:
When remote UE searches for a suitable relay with the intention of connecting to a gNB, the general expectation is that the relevant service and associated QoS can be met via the indirect link. In other words, the selected relay UE should be able to meet the QoS requirements for the associated service at the remote UE. For both the initial relay selection case or reselection to a different relay UE, it can be assumed that this can be ensured during the PC5 link establishment procedure, i.e. the remote UE can indicate the QoS flow information within the RRCReconfigurationSidelink message and the relay UE can accept or reject the connection depending on whether the QoS requirements for the remote UE over the sidelink connection can be met. However, for the case of remote UE already connected to the relay UE, a further question to consider is whether a dynamic change at the relay UE (e.g. change in relay UE load) resulting in inability to meet the QoS requirements shall be additionally considered. 
Based on Rel-16 design, the UE can only trigger modification of sidelink DRBs if any of the sidelink DRB related parameters is changed by sl-ConfigDedicatedNR, SIB12, SidelinkPreconfigNR (via RRCReconfigurationSidelink) for one sidelink DRB which is established. Any other condition when the relay or remote UE can trigger addition/modification or release of a sidelink DRB due to, for example, a change in relay load or cell quality are not directly considered. In this case, one potential enhancement to consider is a preemptive release of the PC5-RRC connection to the remote UE. For instance, the relay UE can indicate to the upper layer that it cannot meet the QoS requirement for the connected remote UE and trigger a PC5-RRC connection release by the upper layer, leading to the remote UE to reselect to a different relay UE. Alternatively, the relay UE can explicitly request the remote UE to reselect to a different relay UE using the sidelink RRC reconfiguration procedure.
Proposal 4:	RAN2 to discuss whether to support the release of connected remote UE by the relay UE if its QoS requirements cannot be met, e.g. via PC5-RRC connection release or requesting remote UE to trigger reselection.
Handover indication:
Finally, one more aspect to consider is for the case when the relay UE is expected to perform handover while connected to one or more remote UEs. In this scenario, while the majority of companies seem to be ok to down-prioritize group mobility for the SI phase, we can still discuss whether the relay UE can provide a pre-emptive indication to the remote UE that it will be performing handover to a different gNB. In this way, the remote UE can then choose to either retain the PC5 connection to the relay UE or reselect to a different relay UE to ensure service continuity to its connected gNB. Alternatively, this can be handled by an indication to the upper layers to trigger PC5-RRC connection release as discussed above. Note that for the case of any new remote UE looking for a relay, when the relay UE has an impending handover, it may not be advertising as a potential relay UE anyway due to link quality criteria discussed above.
Proposal 5:	RAN2 to discuss whether to support pre-emptive release of connected remote UE in case of impending handover by the relay UE, e.g. via PC5-RRC connection release or requesting remote UE to trigger reselection.
1. [bookmark: _Toc465993148]Conclusion
In this contribution, we discuss the outstanding issue on relay selection and reselection over sidelink and make the following observations and proposals:
Observation1:	Link quality between the relay UE(s) and the gNB is already taken into account by configured RSRP thresholds for discovery.
[bookmark: _GoBack]Proposal 1:	It is proposed to use the RSRP measurement of the SL discovery broadcast message by the relay UE(s) for both initial relay selection and reselection.
Proposal 2:	For the U2U case, RAN2 should further discuss the following options for indicating the 2nd hop link quality to the remote UE for relay (re-)selection: a) Via indication as part of the broadcast discovery message during relay (re-)selection, b) via link quality measurement reporting (using dedicated AS layer signalling over PC5-RRC) when triggering relay reselection
Proposal 3:	The relay UE load can be incorporated as an internal UE indication by the AS layer to the upper layers to stop/start broadcasting discovery messages.
Proposal 4:	RAN2 to discuss whether to support the release of connected remote UE by the relay UE if its QoS requirements cannot be met, e.g. via PC5-RRC connection release or requesting remote UE to trigger reselection.
Proposal 5:	RAN2 to discuss whether to support pre-emptive release of connected remote UE in case of impending handover by the relay UE, e.g. via PC5-RRC connection release or requesting remote UE to trigger reselection.
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