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1 Introduction
The following 2 post-meeting email discussions discussed discovery and relay (re)selection [1] [2] respectively:

· [Post111-e][623][Relay] Remaining issues on relay discovery (OPPO)

· [Post111-e][622][Relay] Relay selection and reselection (Apple)
According to their summary report [1] [2], some proposals need further discussion. Meanwhile, RAN2 received a LS from SA on discovery (S2-2006587) [3] with one question for RAN2:  
- SA2 has agreed Model A and Model B discovery procedure similar with TS 23.303 are introduced. It is FFS which discovery procedure will be used for UE-to-Network and UE-to-UE Relay.

- SA2 assumes Direct Discovery message will be transmitted in PC5 communication channel, RAN2 is kindly asked to confirm this assumption.
- SA2 has agreed “Destination L2 ID, Source L2 ID; Discovery Group ID” will be included in discovery messages, RAN2 is kindly ask whether they can be included in an AS layer, e.g. in MAC header.

Because the issues on discovery are usually coupled with relay (re)selection, we would like to discuss their remaining issues together in this contribution. Specifically, the following issues are discussed:  
· RAN2 response to SA2 LS (S2-2006587)

· Separate vs shared resource pool for discovery and communication message 
· AS solution(s) to differentiate discovery message from communication message
· Definition of “non-SL-relay-Capable gNB” 

· Additional AS criteria of relay (re)selection and how to indicate needed information to remote UE
· How to perform PC5 measurements for relay (re)selection
· RLF handling  

· Discovery protocol stacks

2 Discussion  

2.1 RAN2 response to SA2 LS (S2-2006587)

As indicated in Introduction section, RAN2 received a LS from SA on discovery (S2-2006587) [3] with 3 questions for RAN2:  

- SA2 has agreed Model A and Model B discovery procedure similar with TS 23.303 are introduced. It is FFS which discovery procedure will be used for UE-to-Network and UE-to-UE Relay.

- SA2 assumes Direct Discovery message will be transmitted in PC5 communication channel, RAN2 is kindly asked to confirm this assumption.
- SA2 has agreed “Destination L2 ID, Source L2 ID; Discovery Group ID” will be included in discovery messages, RAN2 is kindly ask whether they can be included in an AS layer, e.g. in MAC header.

Because it is related to basic functionality of discovery, we would like to first discuss it. For the first bullet, we think RAN2 can confirm the working assumption on Mode A/B for both U2N and U2U relay made in last RAN2 meeting [4] because SA2 also indicates they agreed Mode A/B discovery procedure similar to TS 23.303. We assume that SA2 will work on the FFS on which discovery procedure will be used. 
Proposal 1: Based on SA2 LS (S2-2006587), RAN2 confirm that working assumption that Model A/ B discovery model similar to LTE is reused for NR U2N and U2U relay.

For the second bullet, we understand the intention is to inform RAN2 that discovery message is sent over communication channel, i.e. no physical channel for discovery like LTE anymore. We believe this is also RAN2’s common understanding, and thereby RAN2 can confirm it. 
Proposal 2: RAN2 confirm that NR discovery message is sent over PC5 communication channel.
For the third bullet, Source and Destination L2 ID should be of course included in MAC header. So, the only issue is whether “Discovery Group ID” should be included in MAC header. Please note that in groupcast of NR V2X [5], the UE converts the “group identifier” into a destination L2 ID. Because we have agreed that NR discovery message is sent over PC5 communication, the same mechanism of groupcast in NR V2X can be reused, i.e. the “Discovery Group ID” can mapped to a Destination L2 ID to be carried in the Discovery message. 
Observation 1: Reusing the same mechanism of groupcast in NR V2X (i.e. “group identifier” is converted into a destination L2 ID), the “Discovery Group ID” can be mapped to a Destination L2 ID included in the MAC header of the Discovery message
Hence, it is not necessary to be included in the MAC header as a third address field.
Proposal 3: Source and Destination L2 ID can be included in MAC header. Discovery Group ID is not included as a third address field because it can be mapped to a Destination L2 ID to be carried in MAC header. 

2.2 Separate vs shared resource pool  
In email discussion#623 [1], the discussion on separate vs shared resource pool for discovery and communication was not converged. We would like to share our consideration. Clearly, both separate and share resource pool have pro and cons, which are summarized in table.1.

	
	Separate resource pool
	Shared resource pool

	Resource utilization efficiency
	☹
· May cause resource utilization inefficiency 
· But the issue should not be significant because the resources for discovery should be quite small comparing with communication
	😊
· But the cost is that PHY mechanism may be required to avoid collision between discovery and communication, and filter discovery message in PHY 

	UE power saving
	😊
· RX UE can reduce monitoring because separate pool implicitly differentiates discovery message
	☹
· Enhancement to differentiate in PHY (e.g. new SCI or reserved slot) is required to be introduced if intended to improve power saving   

	Power control
	😊
· Separate power saving schemes for communication and discovery (e.g. discovery announcement can use max power while communication transmission is power controlled)
	☹
· It is not likely to be enhanced because power control scheme can’t be performed per message in same resource pool   

	Measurement for relay (re)selection
	😊
· It is easier for Remote UE to filter discovery for PC5 RSRP measurement because separate pool implicitly differentiates discovery message
	☹
· Enhancement to differentiate in PHY (e.g. new SCI or special destination L2 ID) is required to be introduced for PC5 RSRP measurement 

	RAN1 impact
	😊
· No RAN1 impact
	☹
· Potential impact to reduce collision between discovery and communication (e.g. resource pool reselection)
· Potential impact to introduce differentiation solution in PHY for power/measurement enhancement 

	Differentiation between unlicensed bands and licensed bands
	😊
· Born to support “operator managed” and “non-operator managed” 
	☹


Table. 1 comparison between separate and shared resource pool
As we can see from Table 1, separate resource pool has clear performance benefits on UE power saving, dedicated power control and RSRP measurement. Additionally, it requires no RAN1 impact and allow flexibility to support “operator managed” and “non-operator managed” naturally. The only cons is the resource fragment but we believe it is not a significant issue. Hence, we propose RAN2 to agree separate resource pool as the baseline solution in Rel-17. If time permits, RAN2 consider shared resource pool as an optimization to address the resource fragmentation issue in Rel-17 WI or Rel-18. 

Observation 2: Separate resource pool has clear performance benefits on UE power saving, dedicated power control and RSRP measurement. Additionally, it requires no RAN1 impact and allow flexibility to support “operator managed” and “non-operator managed” naturally.
Observation 3: The only cons of separate resource pool is the resource fragment, but it should not be a significant issue because the resources required for discovery should be small
Proposal 4: Introduce separate resource pool for discovery message
2.3 AS solution(s) to differentiate discovery message 

In email discussion#623 [1], both PHY and MAC solution were discussed for shared resource pool. All companies agreed to introduce MAC solution (i.e. a fixed new LCID) at least for LCP purpose. However, whether to introduce PHY solution was not converged. We would like to further discuss these issues.
For MAC solution, we support to introduce a new LCID for both separate resource pool and shared resource pool. The main intention is that it can further help to separate the radio resources management for discovery, existing SL SRB (PC5-S and/or PC5-RRC), and other communication traffic. We think it is valid scenario that one relay may have to handle the case to broadcast discovery and send dedicated PC5-S signaling to another peer UE. In this case, it makes sense to have different logic channel priority for discovery and PC5-S.
Observation 4: Introducing a new LCID is useful to distinguish and provide prioritization handling for discovery message from PC5-S and PC5-RRC. It is also helpful for separate resource pool.  
Proposal 5: Introduce a new LCID for discovery message for both separate and shared resource pool solutions.
For PHY solution, there were multiple supports for the solution to introduce a dedicated destination ID for discovery. However, we think that it will have impact on legacy PC5 groupcast and will make the system less flexible. Specifically, for group discovery, we could use the L2 ID as the identifier for the group, and the UE could perform filtering of Discovery message for that. But if we agree to use the solution of special L2 ID, it would make this approach not workable. 
Observation 5: Introducing a dedicated destination ID for discovery will have impact on legacy PC5 groupcast and will make the system less flexible.  

Because this solution has legacy impact, we prefer to preclude this solution. If PHY solution is required to be introduced, we prefer to revisit the solution of 1 new bit in SCI although we think it is a kind of optimization on top of MAC solution.  
Proposal 6: Not introduce a dedicated destination ID for discovery as PHY solution
2.4 Definition of “non-SL-relay-Capable gNB”
In email discussion#623 [1], the issue of CONNECTED UE served by “non-SL-relay-Capable gNB” was discussed. Majority companies agreed to allow L3 relay remote / remote UE connected with “non-SL-relay-Capable gNB” to trigger discovery with pre-configuration. But the definition of “non-SL-relay-Capable gNB” was not converged. Additionally, whether the conclusion is applied to inter-frequency gNB was also not converged.

Firstly, we think it is necessary to clarify what is “non-SL-relay-Capable gNB”. In our understanding, it means the gNB which doesn’t support sidelink relay / discovery operation. We propose to confirm it is RAN2 understanding.
Proposal 7: RAN2 confirm that “non-SL-relay-Capable gNB” means the gNB which doesn’t support sidelink relay/discovery operation
Secondly, with regarding to how the UE determine it is “non-SL-relay-Capable gNB”, two options were raised in email discussion: one is absence of discovery resource pool IEs and the other is to introduce a separate IE in SIB indicating Relay support. Between these two options, we prefer the later one because it is a clean solution.
Proposal 8: Introduce one IE in NR SIB to indicate whether the gNB supports relay/discovery, i.e. whether it is “SL-relay-Capable gNB”
Finally, we would like to discuss the case of “inter-frequency gNB”. Please note that LTE Prose has specified the case of inter-frequency SL operation from discovery resource pool selection aspect in Section 23.11.3 of TS 36.300 [6]:

================copy from Section 23.11.3 of TS 36.300==========================
...
A UE, if authorised by the NW, can announce discovery messages in the same as well as other frequencies than the serving cell, in same or different PLMNs. The UE can monitor discovery resources in the same as well as other frequencies than the serving cell, in same or different PLMNs:

   ...
-
If SIB19 is not broadcasted by the serving cell, the UE may perform sidelink discovery announcement and monitoring on another carrier of same or different PLMN that is authorised by the network, as long as it does not affect Uu operation.
   ...
=======================================================================

Observation 6: In LTE Prose, it was specified that the UE can perform discovery based on the configuration from gNB in another carrier when its serving cell doesn’t provide discovery configuration in SIB.  
Hence, we think at least L3 Relay UE can follow similar approach and use the configuration provided by the gNB in another carrier to decide the resources for discovery when SIB12 is absent in serving/camped gNB. If such gNB in another carrier is not available, the UE should be allowed to use pre-configuration. Although only discovery was discussed in email discussion [1], we think it makes sense to confirm that PC5 communication is also applied to the concept of “non-SL-relay-Capable gNB”.   
Proposal 9: When its serving/camping cell is “non-SL-relay-Capable gNB”, remote/relay UE in L3 relay is allowed to operate (discovery and communication) in another carrier based on the configuration provided by another gNB if such gNB is available. Otherwise (i.e. if there is no such gNB available), remote/relay UE is allowed to operate based on pre-configuration.        
2.5 Additional AS criteria of relay (re)selection
In email discussion#622 [2], multiple candidates of additional AS criteria for relay (re)selection were discussed. Finally, only relay UE’s load got majority support, and RAN2 can further discuss other criteria. 

Observation 7: In email discussion on relay (re)selection, multiple candidates of additional AS criteria for relay (re)selection were discussed. Only relay UE’s load got majority support, and RAN2 can further discuss other criteria. 

We support to include relay UE’s load as additional AS criteria. Meanwhile, we also think Cell ID of the serving cell of candidate of relay UE is useful at least in below 2 cases for L2 U2N relay:
· RRC establishment: if an INACTIVE/CONNECTED L2 remote UE selects a relay served by different cell, it is required to perform HO/Resume to the cell of relay. It may trigger UE context transfer between gNB but it should be able to be avoided by selecting an intra-gNB relay during relay reselection.  
· HO: After L2 remote UE reports relay’s PC5 RSRP and UE ID to source gNB, source gNB may not be able to distinguish whether the relay is connected to different gNB just based on its UE ID
Observation 8: At least for L2 U2N relay, Cell ID of relay’s serving cell is useful to determine whether inter-gNB resume/HO is required to be followed by relay (re)selection
Proposal 10: Introduce relay’s load and serving cell ID as additional AS layer criterion for relay (re)selection.   

Finally, we think it is necessary to discuss in which message to include additional info for relay (re)selection. In our understanding, these are essential AS information and should be appliable for both L2 and L3 relay. Thus, they should be included in discovery message. 
Observation 9: Information on additional relay (re)selection criteria are essential AS information and should be appliable for both L2 and L3 relay.
Proposal 11: Include the IEs required for additional relay (re)selection criteria in discovery message for both L3 and L2 relay.  
Thus, we think relay’s load and serving cell ID should be included in discovery message. Besides them, we think PLMN ID should also be included in discovery message. It is necessary for L2 relays during the relay (re)selection procedure to select a relay UE in allowed PLMNs. To keep discovery message contents common, we think that PLMN ID can also be included in the L3 relay’s discovery message. 
Observation 10: Relay’s PLMN ID should be included in discovery message. It is necessary for L2 relay during the relay (re)selection procedures to select a relay UE in allowed PLMNs. 

Proposal 12: Include relay’s PLMN ID in discovery message for both L3 and L2 relay.  

2.6 Sidelink measurements for relay (re)selection
In email discussion#622 [2], majority prefer to use SL-RSRP measurements on unicast PC5 link to evaluate whether to trigger relay reselection. However, some companies raised the concern that it may not be a fair comparison between SL-RSRP measured over a unicast link and RSRP measurements of SL discovery messages. We don’t see any issue because relay reselection is triggered when RSRP of connected relay is below threshold, i.e. no need to compare candidate relay’s RSRP to trigger relay reselection.  

Observation 11: Relay reselection is triggered when RSRP between remote UE and connected relay is below threshold without need to compare candidate relay’s RSRP.
On the other hand, if only discovery message is measured even for connected Relay, it will require remote UE to maintain 2 different PC5 RSRP measurements for the same relay with unicast PC5 RRC connection, which should be avoided. Thus, we propose:
Proposal 13: Remote UE performs sidelink measurement for relay (re)selection in following way:  

· For the relay which is not connected with unicast PC5 link, it performs SD-RSRP for relay (re)selection, i.e. L3 filtering is applied across measurements on the PSSCH DMRS which carries (periodic) discovery message from the concerned relay;

· For the relay which is connected with unicast PC5 link, it performs Rel-16 V2X specified SL-RSRP for relay reselection.
2.7 RLF handling
In email discussion#622 [2], RLF triggered relay (re)selection was discussed. Based on majority view, Rapporteur captured a proposal that relay (re)selection can be triggered by PC5 RLF detected by remote UE.
Draft Proposal 8 in [2]: Relay reselection may be triggered if RLF of PC5 link with current relay UE is detected by remote UE.  

However, it is not clear what is the UE behavior when PC5 RLF and/or Uu RLF is detected by relay UE. We tend to think RLF handling is important feature and its functionality should be concluded in SI phase. Thus, we would like to provide our view on these two cases:
· Uu RLF detected by relay: relay UE can send L2 release message to remote UE to trigger relay reselection. As another alternative, relay UE can stop transmit discovery message;
· PC5 RLF detected by relay: relay UE can send the PC5 RLF report (including available PC5 measurements of relays) to gNB. There may be some different UE behaviors between L2 and L3 relay, e.g. gNB could release remote UE context upon reception of PC5 RLF report in L2 relay.
Observation 12: Email discussion didn’t conclude what is the UE behavior when PC5 RLF and/or Uu RLF is detected by relay UE. The RLF handling will be different from PC5 RLF detected by remote UE.
Proposal 14: RAN2 is kindly suggested to conclude the UE behavior when PC5 RLF and/or Uu RLF is detected by relay UE.
Another issue is Uu RLM behavior for remote UE in CONNECTED state. We also think there are some differences between L3 and L2 remote UE behavior: 

· L3 relay: As the Remote UE is in CONNECTED state via Uu directly, it performs normal Uu RLM. 

· L2 relay: As either Uu or PC5 relay connection is active at any time, it makes sense to relax or suspend RLM with gNB
2.8 Discovery protocol stack
In email discussion#623 [1], discovery protocol stack was discussed, but majority prefer to first consult SA2 whether discovery message could be taken as PC5-S signaling or other new signaling in upper layer. We can follow majority to consult SA2. But If SA2 conclude PC5-Disc is separate signaling protocol, we think RAN2 can also consider reusing protocol stacks of LTE discovery (i.e. only with PHY/MAC/Discovery), which is simpler and have low overhead. 
Proposal 15: If SA2 conclude discovery is separate signaling rather than PC5-S, RAN2 discuss whether to reduce the overhead of PDCP/RLC for discovery by reusing LTE discovery protocol stack (discovery/MAC/PHY).
3 Conclusion
In this contribution, we discuss remaining issues of discovery and relay (re)selection.
Observation 1: Reusing the same mechanism of groupcast in NR V2X (i.e. “group identifier” is converted into a destination L2 ID), the “Discovery Group ID” can be mapped to a Destination L2 ID included in the MAC header of the Discovery message
Observation 2: Separate resource pool has clear performance benefits on UE power saving, dedicated power control and RSRP measurement. Additionally, it requires no RAN1 impact and allow flexibility to support “operator managed” and “non-operator managed” naturally.
Observation 3: The only cons of separate resource pool is the resource fragment, but it should not be a significant issue because the resources required for discovery should be small
Observation 4: Introducing a new LCID is useful to distinguish and provide prioritization handling for discovery message from PC5-S and PC5-RRC. It is also helpful for separate resource pool.  

Observation 5: Introducing a dedicated destination ID for discovery will have impact on legacy PC5 groupcast and will make the system less flexible.  

Observation 6: In LTE Prose, it was specified that the UE can perform discovery based on the configuration from gNB in another carrier when its serving cell doesn’t provide discovery configuration in SIB.  
Observation 7: In email discussion on relay (re)selection, multiple candidates of additional AS criteria for relay (re)selection were discussed. Only relay UE’s load got majority support, and RAN2 can further discuss other criteria. 

Observation 8: At least for L2 U2N relay, Cell ID of relay’s serving cell is useful to determine whether inter-gNB resume/HO is required to be followed by relay (re)selection

Observation 9: Information on additional relay (re)selection criteria are essential AS information and should be appliable for both L2 and L3 relay.
Observation 10: Relay’s PLMN ID should be included in discovery message. It is necessary for L2 relay during the relay (re)selection procedures to select a relay UE in allowed PLMNs. 
Observation 11: Relay reselection is triggered when RSRP between remote UE and connected relay is below threshold without need to compare candidate relay’s RSRP.
Observation 12: Email discussion didn’t conclude what is the UE behavior when PC5 RLF and/or Uu RLF is detected by relay UE. The RLF handling will be different from PC5 RLF detected by remote UE.
Proposal 1: Based on SA2 LS (S2-2006587), RAN2 confirm that working assumption that Model A/ B discovery model similar to LTE is reused for NR U2N and U2U relay.

Proposal 2: RAN2 confirm that NR discovery message is sent over PC5 communication channel.

Proposal 3: Source and Destination L2 ID can be included in MAC header. Discovery Group ID is not included as a third address field because it can be mapped to a Destination L2 ID to be carried in MAC header. 

Proposal 4: Introduce separate resource pool for discovery message

Proposal 5: Introduce a new LCID for discovery message for both separate and shared resource pool solutions.

Proposal 6: Not introduce a dedicated destination ID for discovery as PHY solution

Proposal 7: RAN2 confirm that “non-SL-relay-Capable gNB” means the gNB which doesn’t support sidelink relay/discovery operation

Proposal 8: Introduce one IE in NR SIB to indicate whether the gNB supports relay/discovery, i.e. whether it is “SL-relay-Capable gNB”
Proposal 9: When its serving/camping cell is “non-SL-relay-Capable gNB”, remote/relay UE in L3 relay is allowed to operate (discovery and communication) in another carrier based on the configuration provided by another gNB if such gNB is available. Otherwise (i.e. if there is no such gNB available), remote/relay UE is allowed to operate based on pre-configuration.        

Proposal 10: Introduce relay’s load and serving cell ID as additional AS layer criterion for relay (re)selection.   

Proposal 11: Include the IEs required for additional relay (re)selection criteria in discovery message for both L3 and L2 relay.  

Proposal 12: Include relay’s PLMN ID in discovery message for both L3 and L2 relay.  
Proposal 13: Remote UE performs sidelink measurement for relay (re)selection in following way:  

· For the relay which is not connected with unicast PC5 link, it performs SD-RSRP for relay (re)selection, i.e. L3 filtering is applied across measurements on the PSSCH DMRS which carries (periodic) discovery message from the concerned relay;

· For the relay which is connected with unicast PC5 link, it performs Rel-16 V2X specified SL-RSRP for relay reselection.
Proposal 14: RAN2 is kindly suggested to discuss and conclude whether need to specify UE behavior when PC5 RLF and/or Uu RLF is detected by relay UE.

Proposal 15: If SA2 conclude discovery is separate signaling rather than PC5-S, RAN2 discuss whether to reduce the overhead of PDCP/RLC for discovery by reusing LTE discovery protocol stack (discovery/MAC/PHY).
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