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1
 Introduction
RAN2#119bis [1] has reached the following agreements for U2U relay:
	RAN2#119bis Agreements on U2U Relay
· RAN2 will strive to simplify the gNB involvement in U2U-relay-specific operation as compared to the U2N case.  Details are FFS, including whether some gNB control is needed for the in-coverage scenario and how/whether the gNB involvement can be simplified compared to U2N.

· Rel17 SI assumptions on RRC state and coverage scenarios can be re-used.

· Proposal 1.1 (modified):                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.   

· Proposal 2.1:                   Protocol stack for U2N Relay discovery is re-used for U2U Relay Discovery 

· Proposal 2.2:                   U2U Relay re-uses SL-SRB4 (with associated PDCP, RLC procedures and configuration) to carry discovery messages 

· Proposal 4.1:                   Both shared and dedicated resource pool can be used for U2U discovery transmission and Rel-17 pool selection principle is re-used. 

· Proposal 5.1:                   SL-RSRP and SD-RSRP can be used for relay selection/reselection criteria.  FFS when each of the two quantities are used and whether to re-use the criteria in Rel17.

· Proposal 7.1a:       Relay selection triggers include at least 1) Upper layer trigger; 2) PC5 signal strength conditions.  RAN2 further discuss details for trigger 2). 

· Proposal 7.1b (modified):       Relay reselection triggers include at least 1) Upper layer trigger; 2) PC5-RLF detection at the remote UE; 3) PC5-RLF indication received from the relay; 4) PC5 signal strength conditions; 5) PC5 link release message from relay to remote.  RAN2 further discuss details for trigger 4), potentially including T400 expiry.  FFS if some of the conditions could be indicated to upper layer instead of directly causing reselection.

· Discovery message transmission at the remote UE is conditioned on at least upper layer indication.    



In this contribution, we share our views for some FFS issues and some remaining issues on the U2U relay.
2
 Discussion  
2.1
gNB involvement in U2U relay-specific operation 
RAN2 has agreed that “RAN2 will strive to simplify the gNB involvement in U2U-relay-specific operation as compared to the U2N case.  Details are FFS, including whether some gNB control is needed for the in-coverage scenario and how/whether the gNB involvement can be simplified compared to U2N”.

In regards of the above agreement, we want further discussed the “Details are FFS” part.

First, it will be quite dramatic change of relay design if the mode 1 RA is no longer supported, which will deprive of in-coverage UEs of using resource scheduled by gNB. We think there is not any problem to continue support mode 1 RA in U2U relay case, as it is already used for both U2N relay scenarios and non-relay ProSe cases.
Proposal 1: 
Mode 1 resource allocation for in-coverage RRC_CONNECTED U2U Remote UE and/or U2U Relay UE is supported. 
Then, regarding how to simplify gNB control of U2U relay, we need to continue follow the guideline below as agreed by RAN2:

“RAN2 will strive for a common solution to the in- and out-of-coverage cases”. 
To have a common solution for both in-coverage and out-of-coverage cases, we think RAN2 has to discuss what needs really to be different between IC scenario and OOC scenario for U2U relay. For example, regarding the following FFS:

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.   

RAN2 can agree that the RRC_CONNECTED UE will not need any different UE-specific configurations for U2U relay UE or U2U remote UE. In other words, although the discovery configuration is delivered in RRCReconfiguration, it should be the same configuration used for IDLE/INACTIVE UE(s) as indicated in SIB.

Proposal 2: 
No specific restrictions needed for discovery configurations for U2U remote UE or U2U relay UE in RRC_CONNECTED.
Then, different from U2N relay case, for U2U scenarios, we think gNB may not have direct interests to be involved into the U2U relay setup, U2U relay selection and U2U relay traffic forwarding.
From this perspective, letting UE making decisions for those choices can be a desirable baseline solution, which will work automatically for OOC UE and IDLE/INACTIVE in-coverage UE. And it will be a common solution for RRC_CONNECTED UE if we can minimize the gNB control for U2U relay. At least, UE-based solution, instead of gNB-based decision making can be used as common solutions for the following issues:

1. Relay (re)selection (e.g., switch from w/ relay to w/o relay and vice versa) [ for both L2 and L3]

2. PC5 Relay RLC Channel configuration [L2-only]
3. SRAP mapping configuration [L2 only]

4. QoS Split [for both L2 and L3]
Note that we can still support the usual RRC configuration methods (pre-configuration, SIB, dedicated RRC signalling) methods for provide some basic configurations where a U2U relay UE or U2U remote UE is needed in different states. But we make UE-based solution as a common approach, so not to differentiate the UE behaviour or UE-side algorithms just because UE is connected to a gNB. Anyway, the gNB does not possess additional information to make a better decision than UE for U2U relay because all the essential information are originated from UE side.  
Proposal 3: 
For both IC and OOC scenarios. RAN2 agree that UE-based solution as the common baseline for U2U relay (re)selection, PC5 Relay RLC channel setup, SRAP mapping configuration, QoS Split. No specific gNB control is needed for IC case.
2.2 U2U relay discovery

In RAN2#119 [3], there are some basic agreements reached for the discovery procedure for U2U:

	1. RAN2 will follow SA2 decision on the discovery model including cast type.

2. gNB will not configure a Uu RSRP threshold to be used by U2U Relay or Remote UE to determine whether to transmit U2U discovery signalling.  FFS what conditions would govern transmission of the discovery signaling.



Then, in RAN2#119bis [1], it has been agreed:
· Discovery message transmission at the remote UE is conditioned on at least upper layer indication.    

Regarding whether there are any additional condition(s)/trigger(s) to be considered for remote UE discovery transmission, we think there are no other conditions needed. It is all based on upper layer indication, even if an existing PC5 direct link encounters some link quality problems, this can still be detected by upper layer PC5-S protocol, e.g., based on keepalive exchanges between the two remote UEs. Also, the remote UE may want to try to use a U2U relay UE even if the current D2D link has no serious issues, for the sake of enhance reliability or throughput. So, it is unnecessary to introduce an AS layer SL-RSRP threshold to trigger discovery  
Proposal 4: 
Discovery message transmission at the U2U remote UE is only conditioned on upper layer indication.

For U2U relay UE, we think whether a RSRP condition is needed depends on whether a relay UE is advertising its “reachability” to a remote UE or not in U2U relay discovery message. 

If a relay UE just indicates it can be a U2U relay for a certain RSC (Relay service code), then there is no need for any RSRP threshold. Instead, if a relay UE advertises the reachability of a remote UE implicitly or explicitly, then the “reachability” must meet a certain criterion. In this case, a minimum RSRP threshold (e.g., SD-RSRP) is needed. In some contributions in the last meeting [4], two-threshold schemes are proposed. However, we do not think a maximum threshold is needed. Even if a relay UE is very close to a remote UE, it may still be the only possible relay candidate, so there is no need to rule out this relay UE to act as a very reliable relay for this remote UE.
Proposal 5: 
A single “minimum” RSRP threshold is used to determine whether U2U relay UE can claim the “reachability” for a remote UE in U2U relay discovery message.
For discovery pool configuration for U2U relay case, RAN2 has agreed.

· Both shared and dedicated resource pool can be used for U2U discovery transmission and Rel-17 pool selection principle is re-used. 

There may still be some confusion that whether there will be any U2U relay-specific discovery pool introduced in Rel-18. We think no relay-specific discovery pool configuration is needed. In Rel-17, the dedicated discovery pool configuration is common to both U2N relay discovery and non-relay discovery. If we follow Rel-17 principle, then U2U relay discovery will also happen in the same pool(s) and there will no U2U-relay specific rules for discovery pool selection. So, we suggest RAN2 to confirm this understanding:
Proposal 6: 
RAN2 confirms that dedicated discovery pool(s) are commonly configured for both U2N relay, U2U relay and/or non-relay ProSe discovery. No U2U-relay specific rules for discovery pool configuration/selection. 

2.3 Relay (re)selection design 

The following agreements has been reached for relay (re-)selection in RAN2#119bis-e [1].
	· SL-RSRP and SD-RSRP can be used for relay selection/reselection criteria.  FFS when each of the two quantities are used and whether to re-use the criteria in Rel17.

· Relay selection triggers include at least 1) Upper layer trigger; 2) PC5 signal strength conditions.  RAN2 further discuss details for trigger 2). 

· Relay reselection triggers include at least 1) Upper layer trigger; 2) PC5-RLF detection at the remote UE; 3) PC5-RLF indication received from the relay; 4) PC5 signal strength conditions; 5) PC5 link release message from relay to remote.  RAN2 further discuss details for trigger 4), potentially including T400 expiry.  FFS if some of the conditions could be indicated to upper layer instead of directly causing reselection.



First, regarding SL-RSRP and SD-RSRP measurements for relay (re-)selection, we think they are to be used to evaluate whether a candidate U2U relay is good from the perspective of PC5 interface. They were used for the similar purpose in Rel-17 U2N scenarios. Therefore, when SL-RSRP is not available (e.g., there is no active SL traffic between U2U remote UE and U2U relay UE), SD-RSRP can be used instead.

Proposal 7:
SD-RSRP are used instead when SL-RSRP is not available (e.g. there is no active SL traffic between U2U remote UE and U2U relay UE).
For the details about relay selection trigger 2 and relay reselection trigger 4 based on “PC5 signal strength conditions”, we propose to clarify this is to consider the PC5 link conditions for both hops. In other words, if the relay UE detects the radio link deteriorates in either of the PC5 hop, the relay reselection could be triggered. This is because whether a U2U relay is good or not depends on whether it can successfully reach the target remote UE or not. In U2N relay scenarios, the gNB does not move. So, the Uu link quality is less dynamic than that of U2U case. In U2U case, both the U2U relay UE and the target remote UE may move, so the PC5 strength of 2nd hop needs to be considered.

Proposal 8:
Relay (re-)selection trigger “PC5 signal strength conditions” include the PC5 signal strengths of both hops.

There is one more criterion to be consider is “whether the PC5 link of the 2nd PC5 hop is already established.”. This is because if the PC5 link is already established, it is more convenient and faster to establish an end-to-end PC5 link between the source remote UE and target remote UE. So, this should be also added as an additional AS layer criterion for relay (re)selection considerations:
Proposal 9:
“whether the PC5 link of the 2nd PC5 hop is already established or not” is considered as an criterion for relay (re-)selection.
It is worth noting that RAN2 has agreed that relay reselection triggers include at least 1) Upper layer trigger; 2) PC5-RLF detection at the remote UE; 3) PC5-RLF indication received from the relay; 4) PC5 signal strength conditions; 5) PC5 link release message from relay to remote UE.
With the above agreement, we can see it is highly possible that the relay reselection is triggered when there is ongoing end-to-end traffic between remote UE and relay UE, as shown in Figure 5 below. 
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Figure 5: U2U Relay Reselection
It is a bit controversial regarding whether the above scenario is a sort of “service continuity”, which is not clearly included in the WID scope. Our understanding is that relay reselection is part of the scope for sure. U2U remote UE shall be able to choose a different U2U relay UE when necessary. For Layer 3 U2U, this is a common case because L3 traffic will just be routed to a new next-hop relay, which is same as a route update. It will be strange that remote UE is not allowed to change relay UE when the ongoing U2U traffic is disrupted or predicted to be disrupted.

For L2 U2U case, this is also different from L2 U2N case when all CONNECTED remote UE relay reselection is handled as “service continuity”. In U2N relay case, the “service-continuity” path switching is controlled by gNB. Instead, in U2U case, the U2U relay switching decision is solely made by remote UE itself. 
Therefore, given all above considerations, we think this scenario should be supported as part of relay reselection work. 
Proposal 10: 
RAN2 supports the scenario that remote UE reselect a new U2U relay with ongoing end-to-end traffic. 

To simplify the work, for L2 U2U relay, we can focus on the case the S-Remote UE and T-Remote UE will still maintain the same end-to-end PC5 link, but just change to use a different relay UE. Then, RAN2 need only study the necessary AS layer procedures by assuming that S-Remote UE and T-Remote UE keeps the same end-to-end PC5-S connectivity, security, and end-to-end sidelink radio bearers for L2 U2U after relay reselection. This can help to avoid impact on PC5-S signaling.
Proposal 11: 
For L2 U2U relay reselection scenario, assume that S-Remote UE and T-Remote UE keep the same end-to-end PC5 link and end-to-end radio bearers for L2 U2U after relay reselection.

As relay reselection is based on the knowledge of a couple of candidate relays, the remote UE has to know that a candidate relay can reach both remote UE(s) reliably. Therefore, it must collect the measurements of PC5 link quality between the candidate relay and peer remote UE. As those measurements can be conveniently obtained by peer remote UE, we suggest remote UE will configure remote UE to periodically provide those measurements via end-to-end PC5-RRC in a reliable manner instead of solely relying on relay UE’s own broadcast. 
Proposal 12: 
L2 U2U remote UE can configure peer remote UE to provide SL measurements of the “all possible” 2nd-hop via end-to-end PC5-RRC procedure.
Finally, when triggering relay reselection, it is probably that only one PC5 link failed, as shown in Figure 6. When this occurs, the remote UE using this PC5 link would trigger a relay reselection. As a result, after relay UE reselection, there remains at least one PC5 link between the peer remote UE and the old relay UE because the keep-alive scheme in PC5-S can still maintain this link.
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Figure 6: Procedure to drop old 2nd hop PC5 link after RLF in first PC5 hop
This PC5 link is no longer needed after relay reselection. In the above diagram, we show that the right timing to release this link is when a new relay UE has established PC5 link towards the old peer remote UE, based on the request of another remote UE. The relay UE can use PC5-RRC signaling to trigger the peer remote UE to drop the old link.
Proposal 13: 
During relay reselection, the new relay UE need notify the remote UE to drop the prior PC5 link between the remote UE and the old relay UE after PC5 link between the new relay UE and remote UE is established.
2.4 Other

It is also worth noting that in single-hop U2N relay case, the gNB is not involved in relay discovery and selection at all (except path switching case for RRC_CONNECTED Layer 2 remote UE). This means the U2N relay discovery and selection only occurs in the PC5 hop and it is always driven by a single node: U2N remote UE. However, in the single-hop U2U relay case, both the remote UEs may spontaneously initiate the relay discovery/selection process to reach the peer remote UE, as both PC5 hops are involved in relay discovery. Since the two remote UEs may choose a different U2U relay UE based on its own independent procedure, then there may be multiple relay paths established between the same two remote UEs. RAN2 may discuss when this happens, whether some extra procedures are needed to force UE(s) to drop/dismantle one of the paths. 

However, as there is no “primary-secondary” relationships among remote UEs which make decisions in a distributed manner, it will not be easy to enforce a fair solution for this. On the other hand, one of the R18 relay enhancements work’s objective is to support multi-path in U2N relay scenarios. So, if we think multi-path is a desirable feature anyway for U2U relay case in the future, maybe it makes sense to not deal with this situation in Rel-18 work. If the UEs happen to initiate the relay discovery at the same time (e.g., Ship-in-the-night case) and end-up establishing two different indirect relay path between the same two remote UEs, then it is up to remote UE implementation to use one of them or both. 
Proposal 14: 
In Rel-18, No special handling to avoid U2U relay discovery and selection processes conducted simultaneously by both remote UEs.
3
 Conclusion
In this contribution, we have discussed some issues for UE-to-UE relay design, and we have the following proposals:
Proposal 1: 
Mode 1 resource allocation for in-coverage RRC_CONNECTED U2U Remote UE and/or U2U Relay UE is supported.
Proposal 2: 
No specific restrictions needed for discovery configurations for U2U remote UE or U2U relay UE in RRC_CONNECTED.   
Proposal 3: 
For both IC and OOC scenarios. RAN2 agree that UE-based solution as the common baseline for U2U relay (re)selection, PC5 Relay RLC channel setup, SRAP mapping configuration, QoS Split. No specific gNB control is needed for IC case.
Proposal 4: 
Discovery message transmission at the U2U remote UE is only conditioned on upper layer indication.

Proposal 5: 
A single “minimum” RSRP threshold is used to determine whether U2U relay UE can claim the “reachability” for a remote UE in U2U relay discovery message.
Proposal 6: 
RAN2 confirms that dedicated discovery pool(s) are commonly configured for both U2N relay, U2U relay and/or non-relay ProSe discovery. No U2U-relay specific rules for discovery pool configuration/selection. 

Proposal 7:
SD-RSRP are used instead when SL-RSRP is not available (e.g. there is no active SL traffic between U2U remote UE and U2U relay UE).
Proposal 8:
Relay (re-)selection trigger “PC5 signal strength conditions” include the PC5 signal strengths of both hops.

Proposal 9:
“whether the PC5 link of the 2nd PC5 hop is already established or not” is considered as an criterion for relay (re-)selection.
Proposal 10: 
RAN2 supports the scenario that remote UE reselect a new U2U relay with ongoing end-to-end traffic. 

Proposal 11: 
For L2 U2U relay reselection scenario, assume that S-Remote UE and T-Remote UE keep the same end-to-end PC5 link and end-to-end radio bearers for L2 U2U after relay reselection.

Proposal 12: 
L2 U2U remote UE can configure peer remote UE to provide SL measurements of the “all possible” 2nd-hop via end-to-end PC5-RRC procedure.
Proposal 13: 
During relay reselection, the new relay UE need notify the remote UE to drop the prior PC5 link between the remote UE and the old relay UE after PC5 link between the new relay UE and remote UE is established.

Proposal 14: 
In Rel-18, No special handling to avoid U2U relay discovery and selection processes conducted simultaneously by both remote UEs.
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