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1	Introduction
[bookmark: _Ref178064866]In post email discussion [Post111-e][622], companies have expressed views on the below issues.
[Post111-e][622][Relay] Relay selection and reselection (Apple)
	Scope: Discuss proposals for relay selection/reselection with the following goals:
· Determine a baseline for selection/reselection criteria
· Confirm if there is any dependency on L2/L3 relay design
· Determine if there is different selection/reselection behaviour for UE-to-network and UE-to-UE cases
· Discuss possible enhancements to the baseline selection/reselection criteria
	Intended outcome: Report to next meeting
	Deadline:  Long
However, during the email discussion, firstly, we have observed some issues for which companies have diverse views, therefore, we would like to have further analyses in this paper on these issues. Secondly, there are also some remaining issues which were not thoroughly discussed which may cause intensive RAN2 efforts and need to be discussed in SI phase. 
Therefore, in this paper, we discuss these two aspects and analyse potential RAN2 impacts introduced by these issues. 
2	Discussions
2.1	relay selection and reselection conditions
In RAN2#111-e, the below agreements were made.
[Easy]Proposal10: For U2N relay, relay UE is allowed to transmit/receive discovery message when it is in coverage and relevant control parameters including e.g. Uu signal quality thresholds and communication configuration are provided by network
[Easy]Proposal11: For U2N relay, LTE principle i.e. one lower threshold and one upper threshold can be reused for relay UE in IDLE/INACTIVE state to decide whether it is allowed to transmit/receive discovery message
[Easy]Proposal12: For U2N relay, relay UE in CONNECTED state is allowed to transmit/receive discovery message if sidelink communication configuration is provided from network.  FFS for the case that the serving gNB is not SL-capable (if applicable).
[Easy]Proposal14: for U2N relay, remote UE in IDLE/INACTIVE state is allowed to transmit/receive discovery message when signal strength of Uu interface is lower than one configured threshold by network.  FFS the details of the idle measurements and possible additional network configuration.
[Easy]Proposal15: for U2N relay, whether remote UE in CONNECTED state is allowed to transmit/receive discovery is based on configuration provided by serving gNB and detail is FFS. FFS for the case that the serving gNB is not SL-capable (if applicable).
[Easy]Proposal16: for U2N relay, remote UE out of coverage is always allowed to transmit/receive discovery message based on pre-configuration in the initial access case (i.e. not already connected through relay). FFS whether based on configuration from network in case the remote UE is already connected through a relay.

For a remote UE in IDLE/INACTIVE, it is agreed to reuse the LTE principle to determine when the remote UE can transmit/receive discovery message.
[bookmark: _Toc54294298]For U2N relay, remote UE in IDLE/INACTIVE state is allowed to transmit/receive discovery message when signal strength of Uu interface is lower than one configured threshold by network.
For a remote UE in CONNECTED state, whether the remote UE is allowed to transmit/receive discovery is based on configuration provided by serving gNB. However, it is still unclear on how the gNB provides the configuration to the UE. In LTE, the remote UE in CONNECTED can also check signal strength of Uu interface, and determines whether to transmit/receive discovery message. We think such UE behaviors are not needed for NR SL relay. It is sufficient to fully leave to gNB to decide when and whether a remote UE in CONNECTED can transmit/receive discovery message. Therefore, we would like to further clarify that
[bookmark: _Toc54294444]For U2N relay, whether remote UE in CONNECTED state is allowed to transmit/receive discovery is fully controlled by serving gNB, i.e., the LTE principle that the UE can determine to transmit/receive discovery message if signal strength of Uu interface is lower than a configured threshold is not applicable to remote UE in CONNECTED.
The gNB will fully control when and whether a remote UE can start to transmit/receive discovery. In this case, the configuration will just carry an explicit indicator indicating the remote UE shall start or stop transmission/reception of discovery message. Therefore, we make the below proposal.
[bookmark: _Toc54294445]For U2N relay, for remote UE in CONNECTED state, gNB sends an explicit indicator to remote UE indicating whether the remote UE shall start or stop transmission/reception of discovery message.
The gNB can signal the remote UE of the resources which are used for transmission/reception of the discovery message. There is no other configuration such as threshold needed for the gNB to signal to a remote UE in CONNECTED state.
[bookmark: _Toc54294446]For U2N relay, for remote UE in CONNECTED state, gNB signals the remote UE of the resources which are used for transmission/reception of the discovery message. There is no other configuration such as threshold needed.
2.2 Discovery message content



Figure 1/ Figure 6.1.2.2-1: Procedure for discovery procedure in TS 23.752
0.	The user may obtain ProSe application user ID and ProSe application code for ProSe direct discovery using application layer mechanisms. The application layer in the UE provides application user ID and the application identifier to the ProSe Application Function. The ProSe Application Function allocates a ProSe application user ID and ProSe application code to the application layer in the UE.
NOTE 1:	Step 0 is out of this specification. And this step is only needed for the applications for which there is privacy issue.
1.	The UE obtains the authorization and provision for announcing discovery and/or for monitoring/ solicitation discovery as defined in clauses 6.2.2 and 6.2.5 of TS 23.287 [5]. The authorized parameters are shown in clause 6.1.2.1.
2a.	When the announcing UE is triggered e.g. by an upper layer application to announce availability for interested groups and/or for interested applications, if the UE is authorised to perform the announcing UE procedure for the interested groups and/or the interested applications in step 1, then the UE shall generate a PC5 direct discovery message for announcement and includes the following information in this message. The announcing UE computes a security protection element (e.g. for integrity protection) and appends it to the PC5 message:
1)	ProSe UE ID e.g. ProSe application user ID, Layer 2 ID.
2)	The group ID(s) provided by the application layer.
3)	The application ID(s) or ProSe application code(s) provided the application layer.
	When the monitoring UE is triggered e.g. by an upper layer application or by the user to monitor proximity of other UEs for the interested group(s) and/or interested applications, and if the UE is authorised to perform the monitoring procedure for the group(s) and/or applications, then the UE monitors the discovery message. The monitoring UE verifies the security protection element using the provisioned security parameters corresponding to the application. If the verification of the security protection element succeeds, the service is successfully discovered by the monitoring UE. The monitoring UE may then notify the application layer using the result of the discovery.
2b.	When the discoverer UE is triggered e.g. by an upper layer application or by the user to discover other UEs for the interested group(s) and/or interested applications, and if the UE is authorised to perform the discovery solicitation procedure for the group(s) and/or applications in step 1, then the UE sends solicitation message with the following information of discoverer:
1)	ProSe UE ID,
2)	group ID(s)
3)	application ID(s) or ProSe application code(s).
	The discoverer UE computes a security protection element (e.g. for integrity protection) and appends it to the PC5 message.
	If the discoveree UE is able to and authorised to respond to the discovery solicitation according to the received information in the solicitation message, then it responds to the discovery message with the discoveree ProSe UE ID, the supported application ID(s) or ProSe application code(s) and group ID(s).
3a.	If the monitoring UE/discoverer UE wants to request metadata corresponding to the discovered service in step 2, the monitoring UE/discoverer UE may send a unicast metadata request message to request discovery metadata. The monitoring UE/discoverer UE may use the Layer 2 ID of announcing UE/discoveree UE (received in step 2a or 2b) to send the Metadata Request message.
3b.	The announcing UE/discoveree UE responds with the Metadata Response message. The announcing UE/discoveree UE includes the metadata information in the Metadata Response message.
From above texts, the below observations can be made.
[bookmark: _Toc54294299]As captured in TS 23.752, in Model A, the UE-to-Network Relay includes at least the following information in discovery announce message:
[bookmark: _Toc54294300]1)	ProSe UE ID e.g. ProSe application user ID, Layer 2 ID.
[bookmark: _Toc54294301]2)	The group ID(s) provided by the application layer.
[bookmark: _Toc54294302]3)	The application ID(s) or ProSe application code(s) provided the application layer.
 
[bookmark: _Toc54294303]As captured in TS 23.752, in Model B, the remote UE sends solicitation message with the following its information:
[bookmark: _Toc54294304]1) ProSe UE ID,
[bookmark: _Toc54294305]2) group ID(s)
[bookmark: _Toc54294306]3) application ID(s) or ProSe application code(s).
[bookmark: _Toc54294307]As captured in TS 23.752, in Model B, the relay UE UE replies message with the following its information:
[bookmark: _Toc54294308]1) ProSe UE ID,
[bookmark: _Toc54294309]2) group ID(s)
[bookmark: _Toc54294310]3) application ID(s) or ProSe application code(s).

It is therefore suggested for RAN2 to capture the above observations in the TR.
[bookmark: _Toc54294447]RAN2 confirms to capture the above observations regarding discovery message content in the TR 38.836.
In the post email discussion 622, potential additional criteria related to U2N relay UE selection/reselection have been proposed as the below:
· Uu link quality between candidate relay UE and gNB;
· Load of candidate relay UE;
· RRC states of candidate relay UE;
· Cell ID of the serving cell of candidate relay UE;
· Access restrictions on the cell (e.g., UAC parameters, imsEmergency);
· SL configuration (e.g., frequency bands, mode 1/2).
In addition, potential additional criteria related to U2U relay UE selection/reselection have been also proposed as the below
· PC5 link quality between candidate relay UE and receiving remote UE, if available;
· Relay UE load;
For any of the above criteria, in case RAN2 has decided to consider it for the relay UE selection/reselection, a corresponding field may be also included in the discovery message. Since discovery message content will be studied by SA2, therefore, RAN2 needs to send a LS to SA2 informing them of the new information.
[bookmark: _Toc54294448]After RAN2 decides to consider additional criteria for relay UE selection/reselection, RAN2 informs SA2 of the new additional criteria via a LS.
2.3 UE actions in case of relay selection and reselection 
In a discovery procedure, when a remote UE sends a solicitation message including its information, one or multiple relay UE candidates may reply with discovery message including their information. The remote UE can build a list of relay UE candidates toward which it is possible to select one or multiple relay UEs, to start a relay path establishment between the remote UE and them. 
[bookmark: _Toc54294449]Upon reception of discovery messages, remote UE can build a list of relay UE candidates sorted in terms of one or multiple conditions, remote UE selects the first relay UE candidate in the list to set up the link.
If the relay path establishment succeeds, the remote UE keeps the list of candidate relay UEs in its memory and delete one (or multiple) relay UEs from this list only when the discovery validity timer for the given UE(s) has expired. Alternatively, if the relay path establishment succeeds, the remote UE keeps the list of candidate relay UEs in its memory until a new discovery procedure is triggered. The detailed solution can be left to WI phase. 
[bookmark: _Toc54294450]How remote UE maintains the list of relay UE candidates is left to WI phase.
If the relay path establishment with the chosen relay UE fails, the remote UE triggers a relay path establishment with the relay UE in the second position, if the discovery validity timer linked to this relay UE is not expired. The remote UE will continue to scroll the list of the relay UEs until the relay path establishment procedure succeeds or all the relay UEs in the list have been tried. 
[bookmark: _Toc54294451]Remote UE selects the next relay UE candidate in the list if the connection establishment fails towards the first relay UE candidate. 
When the current relay path becomes unavailable due to e.g. the link quality between the remote UE and the relay UE becomes bad, the remote UE could trigger a path switching and a path establishment with an available relay UE in the stored list of candidate relay UEs w/o performing a discovery first, here available relay UE means the discovery validity timer linked to the relay UE is not expired. A discovery procedure may be initialized if the relay path establishment fails for all the available relay UEs in the list candidate relay UEs. 
[bookmark: _Toc54294452]In case of relay UE reselection, remote UE may trigger a path switch towards another relay UE which is in the list without performing a discovery procedure first.
In addition, the remote UE may also select a target direction connection when the current relay path becomes unavailable. The remote UE may find both target direction connections and target relay UEs. In order to select the best target node, the remote UE may compare them in terms of radio signal strength such as RSRP. Since the radio signal strength may not be feasible to be compared directly between a Uu link and a PC5 link, gNB may configure a RSRP offset for comparison purpose. Therefore, we make the below proposal
[bookmark: _Toc54294453]In case of relay UE reselection, remote UE may select either a target Uu link or a target relay UE to re-establish the link in terms of radio signal strength.
[bookmark: _Ref189046994]3 Conclusion
In the previous sections we made the following observations: 
Observation 1	For U2N relay, remote UE in IDLE/INACTIVE state is allowed to transmit/receive discovery message when signal strength of Uu interface is lower than one configured threshold by network.
Observation 2	As captured in TS 23.752, in Model A, the UE-to-Network Relay includes at least the following information in discovery announce message:
1)	ProSe UE ID e.g. ProSe application user ID, Layer 2 ID.
2)	The group ID(s) provided by the application layer.
3)	The application ID(s) or ProSe application code(s) provided the application layer.
Observation 3	As captured in TS 23.752, in Model B, the remote UE sends solicitation message with the following its information:
1) ProSe UE ID,
2) group ID(s)
3) application ID(s) or ProSe application code(s).
Observation 4	As captured in TS 23.752, in Model B, the relay UE UE replies message with the following its information:
1) ProSe UE ID,
2) group ID(s)
3) application ID(s) or ProSe application code(s).

Based on the discussion in the previous sections we propose the following:
Proposal 1	For U2N relay, whether remote UE in CONNECTED state is allowed to transmit/receive discovery is fully controlled by serving gNB, i.e., the LTE principle that the UE can determine to transmit/receive discovery message if signal strength of Uu interface is lower than a configured threshold is not applicable to remote UE in CONNECTED.
Proposal 2	For U2N relay, for remote UE in CONNECTED state, gNB sends an explicit indicator to remote UE indicating whether the remote UE shall start or stop transmission/reception of discovery message.
Proposal 3	For U2N relay, for remote UE in CONNECTED state, gNB signals the remote UE of the resources which are used for transmission/reception of the discovery message. There is no other configuration such as threshold needed.
Proposal 4	RAN2 confirms to capture the above observations regarding discovery message content in the TR 38.836.
Proposal 5	After RAN2 decides to consider additional criteria for relay UE selection/reselection, RAN2 informs SA2 of the new additional criteria via a LS.
Proposal 6	Upon reception of discovery messages, remote UE can build a list of relay UE candidates sorted in terms of one or multiple conditions, remote UE selects the first relay UE candidate in the list to set up the link.
Proposal 7	How remote UE maintains the list of relay UE candidates is left to WI phase.
Proposal 8	Remote UE selects the next relay UE candidate in the list if the connection establishment fails towards the first relay UE candidate.
Proposal 9	In case of relay UE reselection, remote UE may trigger a path switch towards another relay UE which is in the list without performing a discovery procedure first.
Proposal 10	In case of relay UE reselection, remote UE may select either a target Uu link or a target relay UE to re-establish the link in terms of radio signal strength.
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