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1. Introduction
[bookmark: _Hlk46842767][bookmark: Proposal_Pattern_Length]The study item on Sidelink Relay [1] in NR to support UE-to-Network coverage extension and UE-to-UE coverage extension has concluded and a new WI focusing primarily on L2 and L3 based UE-to-Network relaying has been approved at RAN#91e with the following objectives pertaining to relay (re)selection [2]:
	The objective of this work item is to specify solutions to enable single-hop, sidelink-based, L2 and L3 based UE-to-Network (U2N) relaying. 
[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



During the study item phase, a set of agreements were made related to relay selection/reselection for both L2 and L3 based solutions which are reproduced below [3]:
	Agreements:
Proposal 1 [Easy]: Radio measurements at PC5 interface are considered as part of relay (re)selection criteria.
Proposal 2 [Easy]: Remote UE at least use “Radio signal strength measurements of Sidelink Discovery Messages” to evaluate whether PC5 link quality of a relay UE satisfies relay selection and reselection criterion.  
Proposal 3: Remote UE may also use SL-RSRP measurements on the SIdelink unicast link to evaluate whether PC5 link quality with a relay UE satisfies relay reselection criterion.  Details e.g. in case of no transmission on the unicast link can be discussed in WI phase.
Proposal 4 [Easy]: For relay (re)selection, remote UE compares the PC5 radio measurements of a relay UE with the threshold which is configured by gNB or preconfigured. 
Proposal 5 [Easy]:  “higher layer criteria” needs to be considered by remote UE for relay (re)selection, but details can be left to SA2 to decide.  
Proposal 6 [Easy]:  Relay (re)selection can be triggered by upper layers of remote UE.  
Proposal 7 [Easy]:  Relay reselection should be triggered if the NR Sidelink signal strength of current Sidelink relay is below a (pre)configured threshold.  
Proposal 8: Relay reselection may be triggered if RLF of PC5 link with current relay UE is detected by remote UE.  
Proposal 9 [Easy]: P1-P8, as a baseline for relay (re)selection,  apply to both U2N and U2U scenarios, and for both Layer 2 and Layer 3 solutions.  
Proposal 10: For CONNECTED remote UE in Layer 2 U2N scenario, gNB decision on relay selection/reselection is considered in WI phase under the above baseline (P1-P9).  
Proposal 12 [Easy]: Additional AS layer criteria can be considered in WI phase for both Layer 2 and layer 3 U2N relay solutions.  
Proposal 14 [Easy]: Additional AS layer criteria can be considered in WI phase for both Layer 2 and layer 3 U2U relay solutions.  
Proposal 15 [Easy]: For relay selection and reselection, when remote UE has multiple suitable relay UE candidates which meet all AS-layer & higher layer criteria and remote UE need to select one relay UE by itself, it is up to UE implementation to choose one relay UE.  This does not exclude gNB involvement in service continuity for U2N.



As mentioned in the RAN2 agreements, link quality measurement, gNB control on relay (re)selection and the need of additional AS layer criteria for relay reselection require further discussion and, in this contribution, we discuss these aspects and present our view.
1. Discussion
Link quality measurements for relay (re)selection
As per proposal 3 from the agreements above, there is an open aspect on the mechanism of relay reselection using link quality measurements, particularly when there is no active transmissions on the sidelink between Remote UE and Relay UE considering they have an established PC5 unicast link. During a past email discussion [111e#622], several companies indicated that both radio signal strength of Sidelink discovery message and SL-RSRP of an established PC5 link are utilized for measuring the link quality of the first hop at Remote UE for relay (re)selection purposes. At a high level, the following are the different possible options for link quality measurement in first hop:
· Case a) Initial Relay selection => primarily relies on Sidelink discovery (model A or model B) 
· Case b) Relay reselection (while currently PC5-RRC connected to Relay UE) 
· Case b1) there are no active data transmissions => primarily relies on Sidelink discovery (model A or model B)
· Case b2) there are active data transmissions (may be periodic or aperiodic/sporadic) => both Sidelink discovery-based and data transmission based are possible.
Furthermore, we also establish that this link quality measurement is only to determine the criterion for the Remote UE to start the search for candidate sidelink Relay UEs. To actually perform the measurements of the candidate Relay UEs, only sidelink-discovery based method can anyways be utilized and the candidate relay UEs exclude the current Relay UE that the Remote UE is connected to. 
With that in mind, we think link quality measurement over data transmissions need not be considered by the Remote UE due to the following disadvantages of considering this criterion in addition to periodic sidelink discovery-based measurement:
· [bookmark: _Hlk68200637]Measurements over data transmission cannot be directly averaged and therefore combined with measurements over sidelink discovery message.
· Two different measurements have to be maintained at the Remote UE over PC5 link for the same Relay UE and different thresholds need to be specified for comparison and evaluation, increasing specification impact.
· Measurements over data transmission cannot be relied upon as the data may arrive aperiodically or even sporadically whereas sidelink discovery-based measurements can be periodic and reliable. 
It is to be noted that since there is no dedicated discovery channel, it is not clear if the measurements can be filtered at L1, and we have to rely on L3 filtering once the measurements from the sidelink communication channel are passed to higher layer (which is also the same as legacy LTE behavior). In this sense, the measurements are available, however, we still think that the additional specification impact for the determination of whether the Remote UE has to start the search for candidate sidelink Relay UEs may not be necessary considering the disadvantages. 
	Proposal 1: 	RAN2 shall not consider SL-RSRP measurements on the Sidelink unicast link to evaluate whether PC5 link quality with a Relay UE satisfies relay reselection criterion i.e. only rely on Sidelink discovery message RSRP is used.
gNB control 
As part of relay (re)selection, one open aspect is whether there is gNB control in play for RRC_CONNECTED Remote UE which is connected via the L2 Relay UE. In the WID, an explicit note has been added as given below to exclude any work related to indirect to indirect switching. As the Remote UE is already connected via Relay UE to the network, it does not pertain to initial relay selection, and for the aspect corresponding to control for whether the Remote UE should reselect another Relay UE, it is deemed excluded. Therefore, we understand that gNB-controlled relay re-selection cannot be supported in this case. 
	NOTE 4:	Work specific to the mobility scenario of “between indirect (via a first Relay UE) and indirect (via a second Relay UE)”, and the group mobility is not supported in this release.



Observation 1:	gNB control for relay re-selection of indirectly connected Remote UE is excluded in Rel-17.
For the case of in-coverage RRC_CONNECTED Remote UE which is in direct coverage of the gNB, it is considered as part of direct to indirect path switching scenario in service continuity to support relay selection using gNB decision. In order to assist in relay selection, we agreed during the study item that the Remote UE may send in measurement report, and the Relay UE information as well and the gNB is expected to make a decision on whether to handover the Remote UE to another cell or select a Relay UE for the Remote UE. The methods here are closely tied to how the connection management for Remote UE is designed and there is dependency to the adaptation layer setup as well. Therefore, we should revisit this discussion once the baseline connection management is agreed upon.
	Proposal 2:  	Wait for progress in connection management of Remote UE before discussing gNB control of both a) direct connected Remote UE’s relay selection procedure (pertaining to direct to indirect switching) and b) indirectly connected Remote UE’s trigger to move to gNB path(pertaining to indirect to direct switching). 
AS layer criteria for Relay (Re-)selection
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 [4]. From the agreements made in the last meeting, LTE ProSe based design seems to be applicable as baseline, but the need for additional criteria (either at the upper layers or AS layer) is less clear and there are a number of options that have been proposed to that effect. 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 second hop
In addition to the link quality on the first hop (which has already been agreed), an immediate question is whether the link quality of the second hop (relay UE to gNB in case of U2N) 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 criterion for Uu link quality to determine whether it can advertise itself as a relay, this can serve as an implicit indication. This was already discussed during the SI and there seems 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.
Observation 2:	Link quality between the relay UE(s) and the gNB is already taken into account by configured RSRP thresholds for discovery.

Need for additional AS criteria
During the SI, several additional AS layer criteria were identified to be relevant during the relay reselection procedure. We think it is worthwhile to outline a few key ones in order to make further progress on the 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, 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  group mobility is not being considered as part of the WID, 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 itself as a potential relay UE anyway due to link quality criteria discussed above. Of course, another option can be gNB triggering a relay reselection for the Remote UEs based on the Uu measurement reporting of the Relay UE (which can be left to NW implementation). So, we think this aspect can be further discussed in RAN2.
Proposal 5:	RAN2 to discuss whether to support pre-emptive release of PC5-RRC 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 issues on relay selection and reselection over sidelink from the study item and make the following observations and proposals:
Observation 1:	gNB control for relay re-selection of indirectly connected Remote UE is excluded in Rel-17.
Observation 2:	Link quality between the relay UE(s) and the gNB is already taken into account by configured RSRP thresholds for discovery.
Proposal 1: 	RAN2 shall not consider SL-RSRP measurements on the Sidelink unicast link to evaluate whether PC5 link quality with a Relay UE satisfies relay reselection criterion i.e. only rely on Sidelink discovery message RSRP is used.
	Proposal 2:  	 Wait for progress in connection management of Remote UE before discussing gNB control of both a) direct connected Remote UE’s relay selection procedure (pertaining to direct to indirect switching) and b) indirectly connected Remote UE’s trigger to move to gNB path(pertaining to indirect to direct switching). 
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 PC5-RRC 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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