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Introduction
In previous RAN2 meetings, some agreements related to U2U relay discovery and (re)selection were reached. In this contribution, we will further discuss some remaining issues, such as conditions for discovery message transmission, discovery configuration for RRC_CONNECTED UEs, triggers for relay (re)selection and collisions of selecting two different relay UEs by remote UEs. 
Discussion
Discovery

Conditions for discovery message transmission

At RAN2#119bis meeting, it was agreed that Discovery message transmission at the remote UE is conditioned on at least upper layer indication. In the following, we will discuss whether there are any other conditions should be considered for discovery message transmission at the remote UE.

As we know, Model A and Model B discovery are supported for U2U relay discovery. Remote UE can only transmit discovery message in Model B. And there are two roles of remote UE in Model B discovery:

Discoverer UE (Discovery initiating UE), sends discovery solicitation message to find suitable relay UEs towards a discoveree UE. 
Discoveree UE (Discovery responding UE), responds discovery solicitation message from relay UE with a discovery response message associated with the discoverer UE.
In R17 U2N relay discovery, when configured by upper layer to transmit discovery message, UE shall further check AS conditions (relay/remote UE threshold conditions) before discovery message transmission. Regarding U2U relay discovery, we think the similar principle should be considered. Specifically, when configured by upper layer to transmit discovery message: 

the discoverer UE should further check the PC5 signal strength of the discoveree UE. If the SL-RSRP/SD-RSRP of the discoveree UE is poor (e.g. below a threshold), the discoverer UE sends the discovery solicitation message. To be specific, there are following cases:
No signal is detected from the discoveree UE (e.g. not in the ProSe range);
SL-RSRP is detected from the discoveree UE, e.g. there is a direct link between the two UEs and there are communication data comes from the discoveree UE.
SD-RSRP is detected from the discoveree UE, e.g. the discoveree UE is broadcasting ProSe direct discovery announcement message regardless of whether there is a direct link or indirect link between the two UEs or not.
The discoveree UE should further check the PC5 signal strength (SL-RSRP) of the relay UE from which the discovery solicitation message is received. If the SL-RSRP is satisfied (e.g. higher than a threshold), the discoveree UE transmits the discovery response message.
Proposal 1: When configured by upper layer to transmit discovery message, the remote UE should further check AS conditions before transmitting discovery message. Specifically,

the discoverer UE transmits discovery solicitation message if the PC5 signal strength (SL-RSRP or SD-RSRP) of the discoveree UE is below a threshold;

the discoveree UE transmits discovery response message if the SL-RSRP towards the relay UE from which the discovery solicitation message is received is above a threshold.
The conditions for discovery message transmission at relay UE was discussed in the email discussion [1] at RAN2#119bis meeting, but no consensus had been reached. Similar to remote UE discovery message transmission, when upper layer configured to transmit discovery messages, AS conditions should be further checked.
As we know, Relay UE can transmit discovery message in both Model A and Model B. In Model A, relay UE sends discovery announcement message including other UEs in proximity (i.e. neighbour UE list) which has been discovered via previous direct discovery or direct communication procedures. Then a remote UE may select the UE as a relay if a target remote UE it wants to communicate with is included in the neighbour UE list and initiate hop by hop/E2E PC5 unicast link with the target remote UE via the relay UE. However, if the link quality between the relay UE and the target remote UE is poor, the remote UE needs to re-select another suitable relay UE. To avoid such issues, the relay UE should only announce the neighbour UEs that the PC5 link quality between the relay UE and the neighbour UE is above a threshold in the discovery announcement message. To be specific, only the UE been discovered in proximity that the PC5 link quality between the relay UE and the UE is above a threshold, the UE can be added into the neighbour UE list and being announced in the discovery announcement message. Relay UE can transmit discovery announcement message periodically when the neighbour UE list is not empty or triggered by new satisfied UE been added into the neighbour UE list.
In Model B, upon receiving discovery solicitation message from a discoverer remote UE, relay UE needs to decide whether to participate in the procedure as a relay. If the link quality between the discoverer remote UE and the relay UE is satisfied (e.g. higher than a threshold), the relay UE further sends discovery solicitation message. Correspondingly, upon receiving discovery response message from the discoveree remote UE, only if the link quality between the discoveree remote UE and the relay UE is satisfied, the relay UE further sends the discovery response message to the discoverer remote UE.
Proposal 2: When configured by upper layer to transmit discovery message, the relay UE should

in Model A, only announce the neighbour UEs that the PC5 link quality between the relay UE and the neighbour UE is above a threshold in the discovery announcement message.

in Model B, transmit discovery solicitation/response message if the PC5 link quality between the relay UE and the remote UE from which the discovery solicitation/response message is received is above a threshold.
Discovery configuration for RRC_CONNECTED UEs

	#119b: In UE-to-UE relay, the remote/relay UE in RRC_IDLE/RRC_INACTIVE or OOC can acquire discovery configuration as in Rel17 (i.e., cell-specific configuration/preconfiguration).  FFS if any restrictions specific to UE-to-UE relay are introduced for in-coverage UE in RRC_CONNECTED.
#119b: Both shared and dedicated resource pool can be used for U2U discovery transmission and Rel-17 pool selection principle is re-used.


The left issue is how does the RRC_CONNECTED UEs in U2U relay obtain the discovery configuration, i.e. from dedicated RRC signalling as legacy, or from SIB as RRC_IDLE/INACTIVE UEs to simplify the NW control. 
As we know, discovery configuration includes discovery resource (pool) configuration and threshold configurations (for discovery message transmission or relay (re)selection triggers). For discovery resource allocation, we think both mode 1 and mode 2 resource allocation should be supported. Actually, the SL UE always supports both Mode 1 RA and mode 2 RA since Rel-12, not matter it is for public safety, V2X or other commercial scenario. For U2N relay, it also has been agreed that both mode 1 RA and mode 2 RA can be configured for the U2N remote UE. Similarly, for U2U relay, the RRC_CONNECTED remote/relay UE may also directly receive the sidelink grant from gNB while maintaining the indirect connection with other UE. So it is suggested to reuse the legacy principle while the extra specification limitation for U2U relay resource allocation is unnecessary.

On the other hand, about coexistence of U2N and U2U UE, according to the reply LS [2] from SA2, SA2 confirmed that a UE can be acting as both U2N UE and U2U UE at the same time based on its capability and provisioned policy. Suppose a UE in RRC_CONNECTED acting as U2U remote UE and U2N relay UE at the same time, resource conflict may be happened if it is configured with mode 1 resources for U2N relay communication while using mode 2 resource pool based on SIB configuration for U2U relay communication. It’s better that NW configures resources for both U2N relay communication and U2U relay communication for the RRC_CONNECTED UE via dedicated signalling.
Proposal 3: Both mode 1 and mode 2 resource allocation are supported for RRC_CONNECTED U2U UEs. RRC_CONNECTED U2U UEs acquire discovery resource configuration from dedicated signalling as legacy. 

As for threshold configuration, there is no strong needs to configure individual thresholds for each U2U UE. Thus cell-specific threshold configuration is acceptable. That is, threshold configuration for RRC connected U2U UEs can be simplified to use cell-specific configuration.
Proposal 4: For RRC_CONNECTED U2U UEs, cell-specific configured threshold configurations can be used. 
Relay (re)selection

Triggers for relay (re)selection
Relay selection trigger

	#119bis: Relay selection triggers include at least 1) Upper layer trigger; 2) PC5 signal strength conditions.  

#120: UE-to-UE relay selection can be triggered based on the PC5 RSRP (FFS SL-RSRP or SD-RSRP) of the direct link falling below a threshold.  FFS which remote UE (or both) can trigger relay selection.  FFS the relationship between selection and discovery.  

#121: For relay UE selection, the remote UE uses SL-RSRP measurements towards peer remote UE to trigger relay UE selection when there is data transmission on direct link.  


In the last meeting, RAN2 agreed that Each Remote UE can trigger Relay reselection based at least on current hop quality. Similarly, each remote UE can trigger relay selection based on direct link quality.

Proposal 5: Each remote UE can trigger relay selection based on the direct link quality.
Although UE can directly establish PC5 unicast link without discovery procedure, remote UE/peer remote UE may still carry out ProSe direct discovery procedure (e.g. UE announces “I’m here” to let U2U relay UE to discover it). So remote UE may monitor the discovery message of the peer remote UE and measure the SD-RSRP. If remote UE detects the SD-RSRP of the peer remote UE is lower than a certain threshold, there is no need to establish a direct PC5 unicast link. Instead, the relay selection can be triggered directly. That is, remote UE may use SD-RSRP measurements towards peer remote UE to trigger relay UE selection.
Proposal 6: U2U relay selection can be triggered based on the SD-RSRP (if ProSe direct discovery message is monitored from the peer remote UE) is below a threshold when there is no direct link between remote UE and the peer remote UE. 

Regarding the relationship between selection and discovery, as legacy in U2N relay, when relay selection is triggered, discovery is also triggered at the same time to search for candidate relay UEs. However, relay selection may be not triggered when discovery is performed such as Model A discovery. On the other hand, it is not required that discovery procedure is needed before relay selection is triggered.
Proposal 7: When relay selection is triggered, discovery is also triggered at the same time to search for candidate relay UEs. However, relay selection may be not triggered when discovery is performed.
Relay re-selection trigger

	#120: UE-to-UE relay reselection can be triggered based on the PC5 RSRP (FFS SL-RSRP or SD-RSRP) between a remote UE and the relay UE falling below a threshold.  FFS which remote UE (or both) can trigger relay reselection.  FFS if/how the second hop between the relay UE and the peer UE is considered.  

#120: When the remote UE receives PC5-RLF indication from the U2U relay UE, it would inform upper layers and rely on upper layers to trigger relay reselection (or not).  FFS if there would be any constraints on the remote UE implementation behaviour to keep or release the PC5 link with the relay UE.

#121: Each Remote UE can trigger Relay reselection based at least on current hop quality.


In the last meeting, RAN2 agreed that Each Remote UE can trigger Relay reselection based at least on current hop quality. However, it is still not clear if/how the second hop between the relay UE and the peer UE can be considered for relay re-selection.

If there are bi-directional data communication between the remote UE pair via the U2U relay UE, remote UE1 does not need to consider the link quality of the second hop since remote UE2 can trigger the relay re-selection based on the link quality of the second hop. 
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Figure 1. An example of uni-directional U2U relay communication
However, if there is only uni-directional data from remote UE2 to remote UE1, as shown in the figure 1, the link quality of the second hop can be considered. For example, the relay UE detects that the link quality between remote UE2 and the relay UE is poor, while the link quality between remote UE1 and the relay UE is good, although remote UE2 can be relied on to trigger relay reselection, remote UE2 may not trigger in a timely manner since there is no data transmission from the relay UE to remote UE2. In this case, the relay UE can inform remote UE1 that the link quality of the second hop between the relay UE and remote UE2 is poor (e.g. when lower than a threshold). After receiving the indication, remote UE1 can decide whether to initiate relay reselection. 
Proposal 8: The PC5 link quality of the second hop between the relay UE and the peer remote UE may be used for triggering relay re-selection by the remote UE, when there is only uni-directional data from the peer remote UE to the remote UE.

Proposal 9: Relay UE sends indication to the remote UE upon detecting the PC5 link quality of the second hop is below a configured threshold. When receiving the indication, the remote UE may trigger relay re-selection even the PC5 link quality of the first hop is good.
Whether different thresholds for SD-RSRP and SL-RSRP?

#121: In both cases, it is left to remote UE implementation whether to use SL-RSRP or SD-RSRP for relay (re)selection trigger evaluation in case of no data transmission. FFS if there need to be different configured thresholds for SL-RSRP and SD-RSRP.
In the last meeting, RAN2 sent an LS to RAN1/4 about the comparison of SL-RSRP and SD-RSRP measurements. RAN2 can wait for the reply LS from RAN1/4 first, and then decide whether different thresholds for SD-RSRP and SL-RSRP are needed.   
Collisions of relay (re)selection

As discussed above, each remote UE can trigger relay (re)selection based on the current hop/direct link quality. When both of the two remote UEs of a pair are (re)selecting relay UE:
− if the same relay UE is selected, when the two remote UEs initiate hop-by-hop/E2E PC5 link establishment through the same relay UE, the relay UE or remote UE can identify the two procedures and only remain one procedure by implementation.

− if two different relay UEs are selected, the two remote UEs may initiate hop-by-hop/E2E PC5 link establishment through the two different relay UEs simultaneously (e.g. remote UE receives a HbH/E2E PC5 link setup request message associated with the destination UE from relay UE2 while sending out a HbH/E2E PC5 link setup request message to relay UE1 associated with the same destination UE). However, according to the WID, a remote UE is connected to only a single relay UE at a given time for a given destination UE. So only one relay UE/relay link should be remained. It should be considered that how the involved UEs negotiate to remain which relay link while drop the other one.
Observation 1: Since each remote UE can trigger relay (re)selection, two different relay UEs may be selected by the two remote UEs individually. If the two remote UE initiate hop-by-hop/E2E PC5 unicast link simultaneously, they may connect to each other with two relay UEs, which is not aligned with the WID that a remote UE is connected to only a single relay UE at a given time for a given destination UE.

There is a similar problem that both ends of the UE can initiate the L2 link modification procedure. SA2 uses retreat mechanism to solve this problem, as specified in TS 24.554:

	For the same 5G ProSe direct link, if the initiating UE receives a PROSE DIRECT LINK MODIFICATION REQUEST message during the 5G ProSe direct link modification procedure, the initiating UE shall stop the timer T5081 and abort the 5G ProSe direct link modification procedure. Following handling is implementation dependent, e.g., the initiating UE waits for an implementation dependent time for initiating a new 5G ProSe direct link modification procedure, if still needed.

NOTE 3:
The implementation dependent timer value needs to be set to avoid further collisions (e.g., random timer value).


Perhaps a similar mechanism could be considered for relay link establishment if two different relay UEs are (re)selected. Since these are upper layer procedures, RAN2 is recommended to send LS to SA2 to inform the issue and ask if they have solutions to resolve this issue.

Proposal 10: RAN2 send LS to SA2 to ask for the issue that two relay UEs are selected and initiated for relay link establishment simultaneously.

Conclusion
In this contribution, we discussed some remaining issues for relay discovery and (re)selection. And we have the following observations and proposals:

Proposal 1: When configured by upper layer to transmit discovery message, the remote UE should further check AS conditions before transmitting discovery message. Specifically,

the discoverer UE transmits discovery solicitation message if the PC5 signal strength (SL-RSRP or SD-RSRP) of the discoveree UE is below a threshold;

the discoveree UE transmits discovery response message if the SL-RSRP towards the relay UE from which the discovery solicitation message is received is above a threshold.
Proposal 2: When configured by upper layer to transmit discovery message, the relay UE should

in Model A, only announce the neighbour UEs that the PC5 link quality between the relay UE and the neighbour UE is above a threshold in the discovery announcement message.

in Model B, transmit discovery solicitation/response message if the PC5 link quality between the relay UE and the remote UE from which the discovery solicitation/response message is received is above a threshold.
Proposal 3: Both mode 1 and mode 2 resource allocation are supported for RRC_CONNECTED U2U UEs. RRC_CONNECTED U2U UEs acquire discovery resource configuration from dedicated signalling as legacy. 

Proposal 4: For RRC_CONNECTED U2U UEs, cell-specific configured threshold configurations can be used. 
Proposal 5: Each remote UE can trigger relay selection based on the direct link quality.
Proposal 6: U2U relay selection can be triggered based on the SD-RSRP (if ProSe direct discovery message is monitored from the peer remote UE) is below a threshold when there is no direct link between remote UE and the peer remote UE. 

Proposal 7: When relay selection is triggered, discovery is also triggered at the same time to search for candidate relay UEs. However, relay selection may be not triggered when discovery is performed.
Proposal 8: The PC5 link quality of the second hop between the relay UE and the peer remote UE may be used for triggering relay re-selection by the remote UE, when there is only uni-directional data from the peer remote UE to the remote UE.

Proposal 9: Relay UE sends indication to the remote UE upon detecting the PC5 link quality of the second hop is below a configured threshold. When receiving the indication, the remote UE may trigger relay re-selection even the PC5 link quality of the first hop is good.
Observation 1: Since each remote UE can trigger relay (re)selection, two different relay UEs may be selected by the two remote UEs individually. If the two remote UE initiate hop-by-hop/E2E PC5 unicast link simultaneously, they may connect to each other with two relay UEs, which is not aligned with the WID that a remote UE is connected to only a single relay UE at a given time for a given destination UE.

Proposal 10: RAN2 send LS to SA2 to ask for the issue that two relay UEs are selected and initiated for relay link establishment simultaneously.
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