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1	Introduction
One of the objectives of SL Relay WI (RP-210904) is "Specify mechanisms for U2N relay discovery and (re)selection for L3 and L2 relaying ".
At RAN2#113bis some of the SL Relay selection and reselection related issues remained open and will be discussed in this paper.
2	Discussion
2.1	Relay reselection in case of L3 SL Relay handover
[bookmark: _Hlk71021137]At RAN2#113bis there was the following agreement on the case of handover of the Relay UE 
Agreements:
· When relay performs HO to another gNB, relay UE may send a PC5-S message (similar to LTE) to its connected remote UE(s) and this message may trigger relay reselection. FFS other indication/message can also be used for notification

The reason for this agreement was that there is no support of group handover in Rel-17. In case of L3 Relay the handover of the Relay UE is performed without involving the Remote UE, as the Remote UE has no direct connection with the RAN. 
Observation 1.1: The handover of the Relay UE in case of L3 Relay is transparent to the Remote UE.
However, it is possible that due to the handover some parameters that are important for the relay connection (e.g. the PLMN ID of the serving cell, QoS parameters) may be changed or the PDU session of the Relay UE used for relay connection cannot be maintained. In those cases, the Relay UE should send a notification about the handover with changed parameters to the Remote UEs. 
Proposal 1.1: In case of L3 Relay the HO indication is only sent to Remote UE if connection related parameters that are relevant to the Remote change or the relay connection cannot be maintained. The notification should include the reason of the notification (e.g. the changed parameter(s)).

2.2	Relay (re)-selection in case of Uu RLF detection by the Relay UE
At RAN2#113bis the agreements on Uu RLF detection by the Relay UE are as follows: 
Proposal 4: When Uu RLF is detected by relay UE, relay UE may send a PC5-S message (similar to LTE) to its connected remote UE(s) and this message may trigger relay reselection. FFS other indication/message can also be used for notification.

In the event when, the Relay UE declares Radio Link Failure (RLF) over the Uu interface, the Service continuity between UE-to-NW or towards the target remote UE (in case of UE-to-UE relaying) will be adversely impacted. When this happens, the L2/L3 Relay UE will not be able to maintain the Relay UE-to-NW link and the Relay UE may perform the RLF recovery procedure for connection re-establishment over the Uu. When the Relay UE Uu RLF occurs, the remote UE may be forced to use exceptional pool resources which may cause QoS degradation or the UE-to-NW link will be interrupted until the Remote UE finds a new relay or establishes its own Uu connectivity. 
Observation 2.1: The L2/L3 Relay UE suffering Uu RLF can be critical for the Remote UE(s) from QoS perspective e.g. if multiple Remote UEs are involved in a unicast/groupcast with the considered Relay UE(s).
To avoid the negative effects of Uu RLF on the E2E L2/L3 relay function, specific actions can be taken such as sending a message to the Remote UE(s) indicating the Relay UE Uu RLF (as agreed in RAN-2 113bis). The purpose of this message is to allow the Remote UE to take counter measures such as trigger Relay (re)-selection or Uu re-establishment etc. and to avoid using exceptional pool resources. In summary, this message will help the Remote UE to maintain Service Continuity and avoid any QoS degradations/service interruptions and/or reduce the duration of service interruptions. 
Observation 2.2: Sending the notification to the Remote UE after Uu RLF declared may cause QoS degradation and/or long service interruption time for Remote UEs.
To minimize service interruptions and enhance service continuity, it is necessary that the Relay UE sends an early Uu RLF notification message to the Remote UE before the Uu RLF occurs on the Relay UE. In case it is possible for the Relay UE to send the Uu RLF notification to the Remote UE(s) shortly before the Uu RLF occurs, it may be possible for the associated Remote UE(s) to continue using the Relay UE (UE-to-NW) for a short period of time (until Relay UE Uu RLF actually occurs). This time period may be used by the Remote UE(s) perform Relay reselection and/or Uu reestablishment to continue their communications with the NW without long service interruptions. 
Proposal 2.1. To minimize service interruption time duration the Relay UE may send an early Uu RLF notification message to the Remote UE before the Uu RLF occurs on the Relay UE without interrupting the relaying service.
It is also possible that the Relay UE may recover the connection towards Uu (with the help of link recovery mechanisms) after it has notified the remote UE and does not suffer RLF. In this case, the Relay UE may send an annulling/connection resume notification to the remote UE and the remote UE may continue to perform the associated sidelink relay operations as before. Alternatively, the Relay UE may suffer RLF and able to successfully perform the RRC re-establishment procedure and may not go into RRC_IDLE state. In these cases, the Relay UE should send an annulling/connection resume notification to the remote UE. After receiving this notification, the Remote UE may decide to continue using the Relay UE.
Proposal 2.2: If the L2/L3 Relay UE recovers after sending the Uu RLF notification message (either an early or a normal notification) to the Remote UE, the L2/L3 Relay UE may send an annulling/connection resume notification to the remote UE. Upon receiving the annulling/connection resume notification message, the Remote UE may continue the sidelink relay operation with the Relay UE.
2.3	Using "Load" as relay (re)selection criterion
At RAN2#113bis it remained open if a relay load based criterion to be introduced for relay (re)selection. There was an email discussion on the definition of relay load ([Post113bis-e][602][Relay] Definition of relay load criterion (Ericsson)) after the meeting targeting to investigate what should be the best metric(s) to be used as relay load.
The root problem of using relay load as relay selection criterion is that the Remote UEs are not really interested in the actual load of Relay UE (e.g. what percentage the Relay UE CPU is loaded, how much free memory the Relay UE has), but about the service quality that Relay UE can provide.
Observation 3.1: Instead of load of the Relay UE, the service quality that the Remote UE can expect from the Relay UE is interesting from Relay Selection perspective.
The discussion started with listing the requirements for a good relay load metric:
1. Simple and easy to compute
1. Reflecting performance that a remote UE could achieve if served by the relay UE candidate
1. Small spec change
1. Low signaling overhead
1. Other (consistent interpretation of relay load with different capability of the Relay UE taken into account)
1. Able to be completed in RAN2 before the required deadline (RAN#92), i.e., in one meeting, and it needs to avoid inter-group consultation
Our view is that a good metric shall meet all of these requirements. We would like to emphasize the importance of b) and e) that is in line with the observation above.
The service quality that a Relay UE can provide to a Remote UE depends on a number of factors, such as 
1)	Available PC5 resources between the Remote UE and the Relay UE
2)	Available UU resources for the relayed connection
3)	Available Relay UE forwarding capacity
In principle the bottleneck of connection flow will determine the actual service quality of the relayed connection. 
In the email discussion the candidates are evaluated
1)	Number of PC5 connections to Remote UEs currently being actively used for relaying
2)	Resource pool usage or capacity
3)	Number of remote UEs being served by the relay UE
4)	free bandwidth (or achievable bit rate) that relay UE can provide for relay traffic.
The main issue with 1) 2) and 3) are that they mainly consider the available PC5 capacity. Therefore, they do not reflect the service quality that a Remote UE can expect from the Relay UE. Here, Option 1) and 3) do not provide consistent interpretation of relay load since they do not reflect difference in Relay UE capabilities as well as characteristics of data transmission between the Remote UEs and Relay UE (e.g., whether or not the transmission is sporadic, data rate, etc.). For example, a Relay UE involved in sporadic data transmissions with Remote UEs may be able to serve/support higher number of Remote UEs/PC5 connections compared to a Relay UE that is involved with frequent transmissions. While option 1) mentions ‘actively used for relaying’, it is not clear how ‘actively’ can be defined, in particular, to take into account the data transmission characteristics. In addition, the availability of resources/capacity may vary across Relay UEs which directly impacts how many Remote UEs/PC5 connections that a Relay UE can serve/support. Also, Option 1) and 3) may vary dynamically and hence may not be suitable for relay (re)selection. In case of Option 2), it is not clear how to quantify or which metric can be used to capture resource pool usage or capacity. During the email discussion, CBR was suggested to capture Option 3). But the SL CBR uses past longterm SL-RSSI average to quantify the SL channel usage and hence does not indicate the service quality that a Remote UE can expect in the future. Also, CBR does not capture the load at the Relay UE. Furthermore, Option 3) does not reflect on priority of SL transmissions between the relay UE and Remote UEs that influences Remote UE’s channel access strategies. For example, a Remote UE may be able to support high priority transmission even under high CBR in case the other SL transmissions it is associated with are of low priority. 
Option 4) is a good approach as it can provide an end-to-end metric, but complex. It is not clear how 'free bandwidth (or achievable bit rate)' can be quantified and determined with ease by the Relay UE. Since ‘free bandwidth’ varies dynamically on PC5 and Uu depending on channel load, the Relay UE may need to monitor bandwidth usage frequently which may be power consuming. Moreover, it is not easy to calculate ‘free bandwidth’. For example, SL CBR may provide information on SL channel usage, however it is hard to derive achievable bit rate on SL from it.    
Observation 3.2: None of the proposed solution options for load criterion for relay selection meet the key requirements.
A possible option to overcome the problem that it is difficult to specify how to calculate the "load" value is to use an implementation specific calculation or measurements. The problem of this approach is that the Remote UE may need to select the Relay UE based on comparing load values coming from different Relay UE implementations. It is easy to see that comparing load values of different Relay UE implementations cannot help to find the least loaded Relay UE. An implementation specific load value is not useful when there is only one Relay UE candidate, as it does not give a solid base for the Relay UE in estimating if the Relay UE will be able to provide the minimum required level of service.
Observation 3.3: Using load values calculated in implementation specific manner is insensible.
Therefore, our view is that none of the proposed options are good metrics for relay selection or reselection.
Proposal 3.1: RAN2 to agree not to specify "load" as a Relay selection or reselection criteria in Rel-17.
3	Conclusion
This paper contains the following observations and proposals related to relay selection and reselection:
Observation 1.1: The handover of the Relay UE in case of L3 Relay is transparent to the Remote UE.
Proposal 1.1: In case of L3 Relay the HO indication is only sent to Remote UE if connection related parameters that are relevant to the Remote change or the relay connection cannot be maintained. The notification should include the reason of the notification (e.g. the changed parameter(s)).

Observation 2.1: The L2/L3 Relay UE suffering Uu RLF can be critical for the Remote UE(s) from QoS perspective e.g. if multiple Remote UEs are involved in a unicast/groupcast with the considered Relay UE(s).
Observation 2.2: Sending the notification to the Remote UE after Uu RLF declared may cause QoS degradation and/or long service interruption time for Remote UEs.
Proposal 2.1. To minimize service interruption time duration the Relay UE may send an early Uu RLF notification message to the Remote UE before the Uu RLF occurs on the Relay UE without interrupting the relaying service.
Proposal 2.2: If the L2/L3 Relay UE recovers after sending the Uu RLF notification message (either an early or a normal notification) to the Remote UE, the L2/L3 Relay UE may send an annulling/connection resume notification to the remote UE. Upon receiving the annulling/connection resume notification message, the Remote UE may continue the sidelink relay operation with the Relay UE.

Observation 3.1: Instead of load of the Relay UE, the service quality that the Remote UE can expect from the Relay UE is interesting from Relay Selection perspective.
Observation 3.2: None of the proposed solution options for load criterion for relay selection meet the key requirements.
Observation 3.3: Using load values calculated in implementation specific manner is insensible.
Proposal 3.1: RAN2 to agree not to specify "load" as a Relay selection or reselection criteria in Rel-17.




