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Introduction

During  RAN2#113-bis Meeting, the relay (re)selection was discussed and a lot of agreements were reached. In this contribution, we will discuss the FFS issues on relay (re)selection in NR and give our proposals.
Discussion

AS criteria for relay (re)selection
For the AS criteria for relay (re)selection, it has been agreed in RAN2#113bis-e meeting that PLMN ID is supported as additional AS criteria for L2 relay (re)selection. Whether cell ID is used can be further discussed by RAN2. Besides serving cell ID, PLMN ID, L2/L3 relay support (if agreed in discovery session) and relay load, other additional AS criteria are not considered in this release. 
On the other hand, according to the TS 23.304, SA2 has already agreed the PLMN selection during L2 relay reselection. On the other hand, the system information of Relay’s serving cell may be included in the Relay Discovery Additional Information. The Relay Discovery Additional Information is used for relay (re)selection and connection maintenance. 

	TS 23.304
5.4.2
Layer-2 UE-to-Network Relay
For PLMN selection and relay selection in the remote UE:

The Remote UE checks whether the Relay's PLMN is authorized for relay, and only the authorized PLMNs are the available PLMNs for NAS PLMN selection;
The Remote UE selects the relay based on the selected PLMN by NAS layer.

6.3.2.3.1
General

Additional information used for the UE-to-Network Relay (re)selection and connection maintenance can be advertised using a separate discovery messages of type "Relay Discovery Additional Information". This may include for example the related system information of the UE-to-Network Relay's serving cell, as defined in TS 38.300 [12]. 


From RAN2 perspective, we think it is beneficial to include cell ID in discovery message for L2 relay (re)selection. Suppose the cell ID is included, the remote UE may identify the serving cell of relay UE. If the remote UE performs relay re-selection, it may prioritize the candidate relay UE which is served by the same gNB. To be specific, the following two scenarios may be considered:
Remote UE initially directly connects to the network, and remote UE may select a relay UE when Uu RLF is detected. In order to ensure service continuity, remote UE may initiate the RRC re-establishment procedure with gNB once it establish the PC5 connection with the newly selected relay UE. In order to confine the path switch within one gNB, remote UE should be able to identify the serving gNB of candidate relay UE and select the relay UE served by the same gNB. 
Remote UE initially connects to the network via a source relay and re-selects to target relay UE when remote UE detects PC5 RLF or is notified of relay UE’s Uu RLF. In this case, remote UE may perform the RRC re-establishment procedure to recover the Uu connection with gNB. Similarly, if the AS criteria contains the cell ID, the remote UE could reselect the target relay served by the same cell/gNB.
Observation 1: According to SA2’s progress, the Relay Discovery Additional Information is used for relay (re)selection and connection maintenance, which may include the system information of Relay’s serving cell. 

Observation 2: When the RRC_CONNECTED remote UE performs relay re-selection due to Uu/PC5 RLF, it may prioritize the candidate relay UE which is served by the same gNB based on the cell ID info included in discovery message. 
Proposal 1: It is suggested to consider cell ID as AS criteria for relay (re)selection. 
In addition to the cell ID, the potential AS criteria of L2/L3 relay support is also discussed in SA2. According to TS 23.304, the Relay Service Code (RSC) is used in the UE-to-Network Relay discovery, to indicate the connectivity service the UE-to-Network Relay provides to the Remote UE. The RSCs are configured on the UE-to-Network Relay and the Remote UE. The RSC can indicate if the UE-to-Network Relay is a Layer-3 or Layer-2 UE-to-Network Relay.

Observation 3: According to SA2’s progress, the relay service code included in discovery message can indicate if the UE-to-Network Relay is a Layer-3 or Layer-2 UE-to-Network Relay. 
Moreover, whether relay load can be used as AS criteria for relay (re)selection is FFS. In our opinion, relay UE load is useful for the remote UE to choose a suitable Relay UE. If two candidate relay UEs are available for a remote UE, one Relay UE’s load is very heavy and the other one is not. In this case, it is natural for the remote UE to choose the relay UE with light load. During post RAN2#113bis-e email discussion, the following load metrics were discussed: 

Option 1: Number of PC5 connections to Remote UEs currently being actively used for relaying
Option 2: Resource pool usage or capacity

Option 3: Number of remote UEs being served by the relay UE

Option 4 – free bandwidth (or achievable bit rate) that relay UE can provide for relay traffic. 

In our opinion, the metrics which represent the relay UE load should be easy to define and easy to calculate. In this sense, the “resource pool usage or capacity” can be considered for the load indication. In addition, the load level such as the high/low load indication is also acceptable. 

Proposal 2: It is suggested to consider relay load as AS criteria for relay (re)selection. The “resource pool usage or capacity" cans be considered as the metrics for the relay UE load.

The impact of RLF/HO/RRC resume
The RLF and HO scenario have been discussed during RAN2#113bis-e meeting. The following agreements are reached. As we can see, there are several FFS issues on the impact of RLF and HO. In addition, during the email discussion, some companies discussed whether relay UE RRC resume at other gNB may also trigger relay (re)selection of remote UE. In this section, we will investigate potential the impact of  RLF, HO and RRC resume on relay (re)selection.  
	RAN2 confirm that remote UE triggers relay reselection if PC5 RLF with current relay UE is detected by remote UE.  FFS if there is any impact to other RLF handling activities.
When PC5 RLF is detected by relay UE on a PC5 unicast link towards a remote UE, relay UE in RRC_CONNECTED sends the PC5 RLF indication to gNB (as supported in R16 specification).
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.
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.


PC5 RLF between remote UE and relay UE
According to the TR 38.836, relay re-selection may be triggered if RLF of remote UE detects PC5 link with current Relay UE. For L3 relay, remote UE may directly re-select another relay UE and establish the PC5 connection. No service continuity enhancement is considered in AS layer for L3 relay. For L2 relay, suppose the cell ID is included in discovery message, it is possible for L2 remote UE to re-select a new relay UE served by the same cell/gNB as old relay UE when remote UE detects PC5 RLF. In this case, the L2 remote UE may perform the RRC re-establishment procedure to recover the Uu RRC connection with gNB. 

Proposal 3: When RRC_CONNECTED remote UE detects PC5 RLF, it may re-select a new relay UE served by the same cell/gNB as old relay UE and then perform the RRC re-establishment procedure via new relay UE to recover the Uu RRC connection with gNB.
Uu RLF happens between relay UE and gNB
It has been agreed in RAN2#113bis meeting that when Uu RLF is detected by relay UE, relay UE may send PC5-S message to its connected remote UE and this message may trigger relay re-selection. On the other hand, considering that the relay UE may recover the Uu link with gNB soon, it is not necessary for remote UE to re-select other relay UE or switch to Uu link immediately, especially for RRC_IDLE/INACTIVE remote UEs which have no ongoing data transmission. The potential handling of remote UE upon Uu RLF can be divided into following cases: 

RRC_CONNECTED remote UE: During this period, the relay UE may send the Uu RLF notification to RRC_CONNECTED remote UE and the RRC_CONNECTED remote UE may trigger the relay re-selection. Alternatively, remote UE may only initiate the relay discovery procedure to find nearby suitable relay UE. After a while, if the relay UE recover the Uu link at original gNB, relay UE may send the RLF recovery notification to remote UE and remote UE continues the PC5 transmission with this relay UE. On the other hand, if the relay UE recover its Uu link at new gNB or relay UE’s Uu RLF recovery fails, relay UE may send a Uu recovery at new gNB notification to its connected remote UE(s) and this message may trigger the RRC_CONNECTED remote UE to switch to direct Uu link or re-select other relay UE. 
RRC_IDLE/INACTIVE remote UE: the RRC_IDLE/INACTIVE remote UEs may keep the PC5 connection with relay UE when the relay UE detect Uu RLF and perform Uu RRC recovery. Suppose the relay UE recover its Uu link at new gNB, it may still serve the RRC_IDLE/INACTIVE remote UE to forward the CN/RAN paging. On the other hand, if the relay UE’s Uu link recovery fails, the relay UE enters RRC_IDLE. It seems that relay UE could still forward the CN/RNA paging for RRC_IDLE/INACTIVE remote UE. 
In a sum, it is suggested that the RRC_Connected remote UE re-select other relay as early as possible when Uu RLF is detected by connected relay UE. For the RRC_IDLE/INACTIVE remote UE, it may keep the PC5 connection with relay UE even if the relay UE detect RLF and finally enters RRC_IDLE state. Based on this observation, it is suggested that the relay UE only need to send Uu RLF notification/PC5-S message to RRC_CONNECTED remote UE.

Proposal 4: Considering that the relay UE may recover the Uu link with gNB soon, it is suggested that relay UE may send the Uu RLF notifications such as Uu RLF detected, Uu RLF recovered, Uu recovery failed, Uu recovery at new gNB, etc., which can be used by remote UE to determine whether and when the relay/cell re-selection should be performed. 
Proposal 5: When relay UE detect Uu RLF, relay UE only nee to send RLF notification/PC5-S message to RRC_CONNECTED remote UE. For the RRC_IDLE/INACTIVE remote UE, it may keep the PC5 connection and receive paging forwarding from relay UE even if relay UE enters RRC_IDLE state.
HO performed by Relay UE 
As agreed during RAN2#113bis-e meeting, 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 re-selection. It is FFS other indication/message can also be used for notification.
Similar to the Uu RLF scenario we discussed before, we think the RRC_IDLE/INACTIVE remote UEs may keep the PC5 connection and receive the paging forwarding from relay UE even if relay UE handover to new gNB. During this procedure, the RRC_INACTIVE remote UE’s context does not need to be transferred to new gNB. For RRC_CONNECTED remote UE, it may receive the HO at new gNB indication or the PC5-S message from relay UE and then trigger the relay (re)selection. 

Proposal 6: When RRC_CONNECTED remote UE receives the HO at new gNB indication or the PC5-S message for PC5 release from relay UE, remote UE can trigger the relay (re)selection.

Proposal 7: Even if relay UE handover to new gNB, the connected RRC_IDLE/INACTIVE remote UEs may keep the PC5 connection with relay UE and receive the paging forwarding from relay UE.

RRC Resume performed by relay UE
During the RAN2#113bis-e meeting, the context retrieval issue of both remote UE and relay when relay UE perform RRC resume at new gNB was discussed. Some companies doubted if relay UE RRC resume at other gNB may also trigger relay (re)selection of remote UE. In this section, we try to clarify the impact of RRC resume on relay (re)selection.
Suppose the remote UE connected with RRC_CONNECTED relay UE enters RRC_INACTIVE state, gNB may store the remote UE’s SRB/DRB configuration as well as the association between RRC_Connected relay UE and this remote UE. After a while, if the RRC_INACTIVE remote UE re-select to another RRC_Connected relay UE, the serving gNB of another relay UE may only store the association between RRC_Connected relay UE and this remote UE as part of of relay UE’s context. The remote UE’s INACTIVE context is only stored in the original gNB where the remote UE enters RRC_INACTIVE state. On the other hand, suppose the RRC_INACTIVE remote UE re-selects to another RRC_INACTIVE relay UE and establish the PC5 connection, gNB actually does not know the association between  RRC_INACTIVE relay UE and this RRC_INACTIVE remote UE. 

The RRC_INACTIVE relay UE may perform RRC resume upon receiving the remote UE’s first RRC signalling. No matter relay UE perform its RRC resume at original gNB or new gNB, relay UE may resume the its RRC connection first and then forward the remote UE’s first RRC signalling to gNB. Since gNB does not store the context of RRC_INACTIVE relay UE and its associated remote UE, it is not necessary to consider the context retrieval issue of both remote UE and relay when relay UE perform RRC resume at new gNB. 
As we know, the remote UE connected with RRC_INACTIVE relay UE can only be in RRC_IDLE or RRC_INACTIVE state. For the RRC_IDLE/INACTIVE remote UE, it may keep the PC5 connection and receive the paging forwarding from relay UE no matter the relay UE resume RRC connection at new gNB or not. It is not necessary to trigger the relay (re)selection of connected remote UE.  
Proposal 8: Even if the RRC_INACTIVE relay UE resume RRC connection at new gNB, the connected RRC_IDLE/INACTIVE remote UE may keep the PC5 connection and receive the paging forwarding from relay UE 
Proposal 9: The RRC resume of remote UE and relay UE can be performed independently. It is not necessary to consider the context retrieval issue of both remote UE and relay when relay UE perform RRC resume at new gNB. 
Cell (re)selection vs. Relay (re) selection
As agreed in RAN2#113bis-e meeting, if both a suitable cell and a suitable relay are available, the remote UE can select either one (or both, for L3 relay only) based on its implementation in this release (i.e. TS 38.304 will not specify any additional procedure for selecting between the cell and the relay). It is FFS whether any enhancements to the cell (re)selection procedure for L2 relay.
For L2 relay, it may select either a suitable cell or select a suitable relay for its data transmission. When both suitable cell and relay are available, remote UE can select either one based on implementation. However, the relay selection and cell selection may impact each other in the following scenarios: 

RRC_Connected remote UE autonomous path switch from one relay UE to another relay UE due to PC5/Uu RLF. In this scenario, the remote UE is suggested to re-select a relay which is served by the same cell/gNB as original relay. In this way, service continuity could be guaranteed without context transfer between gNBs. 
RRC_Connected remote UE autonomous path switch from direct link to indirect link due to Uu RLF. In this scenario, the relay re-selection should prioritize the relay UE which is served by the same cell/gNB.
RRC_Connected remote UE autonomous path switch from indirect link to direct link due to PC5 RLF or relay UE’s Uu RLF. In this scenario, the cell re-selection should prioritize the relay UE which is served by the same cell.
In a sum, suppose the relay re-selection of RRC_Connected remote UE is triggered by Uu RLF with gNB, or PC5 RLF with relay UE, or relay UE’s Uu RLF, the remote UE is suggested to prioritize the re-selection of a relay which is served by the same cell/gNB. In addition, suppose the cell re-selection of RRC_Connected remote UE is triggered by PC5 RLF or relay UE’s Uu RLF, the remote UE is suggested to prioritize the re-selection of cell which is the relay UE’s serving cell or gNB.
Proposal 10: Suppose the relay re-selection of RRC_Connected remote UE is triggered by Uu RLF with gNB, or PC5 RLF with relay UE, or relay UE’s Uu RLF, the remote UE is suggested to prioritize the re-selection of a relay which is served by the same cell/gNB. 
Proposal 11: Suppose the cell re-selection of RRC_Connected remote UE is triggered by PC5 RLF or relay UE’s Uu RLF, the remote UE is suggested to prioritize the re-selection of cell which is the relay UE’s serving cell or gNB.
Conclusion

Based on the analysis provided above, we have the following observations and proposals:

Observation 1: According to SA2’s progress, the Relay Discovery Additional Information is used for relay (re)selection and connection maintenance, which may include the system information of Relay’s serving cell. 

Observation 2: When the RRC_CONNECTED remote UE performs relay re-selection due to Uu/PC5 RLF, it may prioritize the candidate relay UE which is served by the same gNB based on the cell ID info included in discovery message. 

Observation 3: According to SA2’s progress, the relay service code included in discovery message can indicate if the UE-to-Network Relay is a Layer-3 or Layer-2 UE-to-Network Relay. 
Proposal 1: It is suggested to consider cell ID as AS criteria for relay (re)selection. 
Proposal 2: It is suggested to consider relay load as AS criteria for relay (re)selection. The “resource pool usage or capacity" cans be considered as the metrics for the relay UE load.

Proposal 3: When RRC_CONNECTED remote UE detects PC5 RLF, it may re-select a new relay UE served by the same cell/gNB as old relay UE and then perform the RRC re-establishment procedure via new relay UE to recover the Uu RRC connection with gNB.
Proposal 4: Considering that the relay UE may recover the Uu link with gNB soon, it is suggested that relay UE may send the Uu RLF notifications such as Uu RLF detected, Uu RLF recovered, Uu recovery failed, Uu recovery at new gNB, etc., which can be used by remote UE to determine whether and when the relay/cell re-selection should be performed. 
Proposal 5: When relay UE detect Uu RLF, relay UE only nee to send RLF notification/PC5-S message to RRC_CONNECTED remote UE. For the RRC_IDLE/INACTIVE remote UE, it may keep the PC5 connection and receive paging forwarding from relay UE even if relay UE enters RRC_IDLE state.
Proposal 6: When RRC_CONNECTED remote UE receives the HO at new gNB indication or the PC5-S message for PC5 release from relay UE, remote UE can trigger the relay (re)selection.

Proposal 7: Even if relay UE handover to new gNB, the connected RRC_IDLE/INACTIVE remote UEs may keep the PC5 connection with relay UE and receive the paging forwarding from relay UE.

Proposal 8: Even if the RRC_INACTIVE relay UE resume RRC connection at new gNB, the connected RRC_IDLE/INACTIVE remote UE may keep the PC5 connection and receive the paging forwarding from relay UE 
Proposal 9: The RRC resume of remote UE and relay UE can be performed independently. It is not necessary to consider the context retrieval issue of both remote UE and relay when relay UE perform RRC resume at new gNB. 
Proposal 10: Suppose the relay re-selection of RRC_Connected remote UE is triggered by Uu RLF with gNB, or PC5 RLF with relay UE, or relay UE’s Uu RLF, the remote UE is suggested to prioritize the re-selection of a relay which is served by the same cell/gNB. 
Proposal 11: Suppose the cell re-selection of RRC_Connected remote UE is triggered by PC5 RLF or relay UE’s Uu RLF, the remote UE is suggested to prioritize the re-selection of cell which is the relay UE’s serving cell or gNB.
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