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1. Introduction
Based on work item [1], the main objectives for sidelink-based UE-to-network relay include the following scenarios for path switches: 
 

During the previous RAN2 meeting, the following agreements were reached pertaining to service continuity enhancement for L2 U2N relay:
Agreements:

Proposal 1 (modified)
For i2i path switch procedure, introduce a new measurement event based on individual thresholds i.e., Event Z1: Serving L2 U2N Relay UE becomes worse than threshold1 and Candidate L2 U2N Relay UE becomes better than threshold2.  FFS if we also have an event Z2: Candidate L2 U2N Relay UE becomes an offset better than serving L2 U2N Relay UE, and in this case if/how to compare SL-RSRP of serving U2N relay UE and SD-RSRP of candidate U2N relay UE.

Proposal 3
For i2i scenario, re-use the SL-RSRP or SD-RSRP measurement quantities for path switching.

Proposal 4 (modified)
For i2i scenario, serving/candidate U2N relay UEs, when SL-RSRP is unavailable, SD-RSRP is used as the measurement quantity.  Wording can be revisited if it is determined that L2IDs for U2U and U2N are always different (so that candidate U2N relay UEs would never have SL-RSRP available).

Proposal 5
For i2d path switch scenario, re-use the existing T304 timer   

Proposal 6
For d2i and i2i path switch scenarios, re-use the existing T420 timer. 

Furthermore, during RAN2’s email discussion [2] in RAN2#119bis meeting, the following proposals related to inter-gNB path switch were considered but no conclusion was reached:

Proposal 7 RAN2 to wait for RAN3’s progress wrt the decision on path type for d2i, i2d and i2i scenarios and target U2N relay UE for d2i and i2i scenarios. If agreed, skip P8/P9.

Proposal 8 For d2i, i2d and i2i scenarios, the source gNB decides on the path type (i.e., direct, or indirect path)
Proposal 9 For d2i and i2i scenarios, down-select from the two options below:
Alt-1: Source gNB to make the final decision on the target U2N relay UE
Alt-2: Target gNB to make the final decision on the target U2N relay UE
It is not yet clear whether RAN2 should also be involved in the decision making on inter-gNB path switch.  In this contribution, we focused on the issues related to path switch as it relates to which entity, the source gNB or the target gNB should select the target relay UE.
2. Discussion 
Before RAN2 consider the solution to inter-gNB path switch, a better understanding of RAN3’s progress would be helpful.  Based on RAN3’s email discussion [3], the following working assumptions and agreements were reached [4]:

· WA: Source gNB selects the target path type (direct or indirect)

· For direct/indirect to indirect path switching, enhance Xn: HANDOVER REQUEST to include at least the Remote UE L2 ID and Relay UE L2 ID. FFS whether to include a single Target Relay L2 ID or a list of Target candidate Relay L2 IDs.
· For direct/indirect to indirect path switching, enhance Xn: HANDOVER REQUEST to include at least the Remote UE L2 ID and Relay UE L2 ID. FFS whether to include a single Target Relay L2 ID or a list of Target candidate Relay L2 IDs.

· For inter-gNB path switching scenarios, RAN3 should specify mechanisms to support service continuity for L2 U2N relays in NG based handovers as well after supporting service continuity for L2 U2N relays in Xn based handovers, If there is some conclusion from SA2, and then to support NG based HO.

· WA: During inter-gNB path switching, source gNB can signal the serving cell of the relay UE to target gNB via existing IE Target Cell Global ID.
RAN3 considered the following options before reaching the FFS highlighted above:

· Option 1: source gNB selects one target Relay UE and sends the ID related information to the target gNB

· Option 2: source gNB sends a list of candidate target Relay UE information to the target gNB for selection

· Option 3: source gNB provides also the measurement information of Remote UE to the target gNB for selection of target Relay UE.
However, based on our understanding, no conclusion was reached [4]. Two areas that seem to draw some disagreements among companies is the reference to legacy HO with HO preparation. Some companies think Option 1 (only one target relay UE is signalled over Xn: HANDOVER REQUEST) is aligned with the legacy HO whereas other companies think Option 2 may be interpreted as legacy HO (multiple target relay UE may be signalled over Xn: HANDOVER REQUEST). For the legacy HO preparation without involving relay UEs, our understanding is that the source gNB selects the target gNB and the target gNB makes the final decision.  Since the legacy HO preparation didn’t involve relay UEs, it may not be clear whether either Option 1 or Option 2 may be considered as legacy HO.

Observation 1
It appears not yet clear whether Option 1 or Option 2 is more aligned with the legacy HO, even in RAN3.
One factor for consideration in RAN3’s discussion is whether or not the RRC state of the target relay UE need to be considered.  Some companies think the selection of a relay UE already in RRC CONN would lead to better reliability since the relay UE doesn’t need to perform RRC establishment, while others think all RRC states for the relay UE should be allowed regardless of whether it’s for intra-gNB or inter-gNB path switch to an indirect path. Proponents of Option 2 tend to believe that the target gNB should select the relay UE since it knows the RRC state of its relay UEs, while proponents of Option 1, tend to believe that it shouldn’t matter which target relay UE is selected by the source UE, regardless of the RRC state of the target relay UE. However, many delegates pointed out that RRC state consideration should be handled by RAN2 and presumably RAN2 is looking into this.  
Observation 2
It is not yet clear if RRC state of the target relay UE should be considered in the options for path switch, but several companies in RAN3 think any consideration for RRC state of the relay UE should be up for RAN2 to decide.
Since RAN3 considers RAN2 to be the group that handles RRC state related issues, including those for path switch, we believe RAN3 could consider inputs from RAN2 for their inter-gNB path switch decision; therefore, RAN2 should not simply wait for RAN3’s decision. As such, the issue with RRC state for path switch is further discussed in the next section.
Observation 3
RAN3’s decision on whether the source gNB or target gNB should select the relay UE may depend on RAN2’s evaluation of the relay UE’s RRC state.
2.1. Source gNB or target gNB selects the relay UE
Based on our understanding, one of the main advantages for the target gNB to choose the relay UE is that only the target gNB knows the RSRP level of between the target gNB and each of the candidate relay UE.  Hence, the target gNB may choose the best relay UE for path switch among the available candidate relay UEs served by the target gNB.  For this to work, it should also be assumed that the source gNB would forward all candidate relay UEs along with the SD-RSRP levels from the remote UE’s measurement report.  It is questionable whether the differences in RSRP levels of the candidate relay UEs are really crucial, since it is already assumed a UE can only serve as a relay UE and transmit discovery messages if it is within the thresholds configured by its serving gNB.  Another advantage for the target gNB to select the among the candidate relay UEs, is the knowledge of the relay UE’s RRC state (i.e., for CONNECTED and INACTIVE states) and load.  If latency and reliability are of concern, the gNB may choose a relay UE that is already in RRC CONNECTED.  It should be clarified that the target gNB would not know whether it is serving a candidate relay UE that is in IDLE.
Observation 4
The main advantages for allowing the target gNB to select the relay UE is for its knowledge of the RSRP levels, RRC state (i.e., for CONNECTED and INACTIVE states) and load of its relay UEs.  
On the other hand, there are advantages for allowing the source gNB to select the relay UE. In the legacy inter-gNB HO, it is assumed that it’s the source gNB that selects the target gNB, while the target would perform admission control.  Additionally, as depicted in Figure 2, the candidate relay UEs included in the remote UE’s measurement report may consist of relay UEs from multiple gNBs.  If the source gNB does not make the decision for relay UE selection, and forwards the candidate relay UEs to both target gNBs, it would be difficult for the multiple target gNBs to coordinate and make the proper decision.  Considering the difficulty in allowing the target gNB to make the relay UE selection and the possible impact to RAN3, RAN2 should allow the source gNB to select the target relay UE for both direct-to-indirect and indirect-to-indirect inter-gNB path switches (Scenarios B and D from the WID [1], inter-gNB path switch to indirect path).

[image: image1.emf]Figure 2: Multiple candidate relay UEs for inter-gNB path switch 

UE 1

Relay 

UE 1

gNB X

Serving gNB

gNB Y

Relay 

UE 2


Proposal 1
Source gNB should select the target relay UE in both Scenarios B and D. 
In the previous meeting, it has already agreed that “For the target U2N relay UE in any RRC state, the Rel-17 procedures for intra-gNB d2i path switching are used as a baseline for inter-gNB d2i path switching with the addition of inter-gNB signaling over the Xn interface.” In Rel-17, it is already assumed that it is up to the gNB to determine which relay UE to select for path switch, including the RRC state of the selected relay UE, since it is already known by the gNB.  However, assuming Proposal 1 is agreeable, the path switches for Scenarios B and D are inter-gNB path switches, which means the source gNB does not know the RRC state of the target relay UE.  In case the source gNB prefers to select a target relay UE that may already be in RRC CONN, it should have the option for the remote UE to include in the measurement report the RRC state of the candidate relay UEs.  Additionally, this would alleviate the main concern for companies who prefer that the target gNB selects the relay UE, due to its knowledge of the relay UE’s RRC state. Additionally, the target gNB only keep tracks of its relay UE in CONN and INACTIVE states.
Proposal 2
Source gNB should be allowed to select the target relay UE based on its RRC state in both Scenarios B and D. 
If Proposal 2 is agreeable, this would necessitate that the relay UE provide its RRC state (e.g., in discovery message) to the remote UE which may be included in the remote UE’s measurement reports.  

Proposal 3
For Scenarios B and D, relay UEs should be provide its RRC state to the remote UE. 
2.2. CHO-like service continuity 
It was discussed in Rel-17 [5], that CHO-like service continuity could be considered for path switch scenarios.  However, due to time constraints, the feature was not further discussed.  In our view, the support for CHO-like service continuity may be especially helpful for inter-gNB path switches, as coordination between gNBs may be handled ahead of time.  For Scenario A, inter-gNB indirect-to-direct path switching may be supported using legacy procedure, so the main issue is to consider support for the other 3 scenarios involving target relay UEs.  In our view, the main considerations are related to the configuration of the target relay UEs and the execution conditions and the existing CHO should be considered as baseline. 
Proposal 4
RAN2 should incorporate CHO-like service continuity for all the scenarios defined in WID.
3. Conclusion 
In this contribution, the initial considerations for SL U2U discovery and relay (re)selection are highlighted.  RAN2 is kindly asked to take into account the observation and proposals below: 
Observation 1
It appears not yet clear whether Option 1 or Option 2 is more aligned with the legacy HO, even in RAN3.
Observation 2
It is not yet clear if RRC state of the target relay UE should be considered in the options for path switch, but several companies in RAN3 think any consideration for RRC state of the relay UE should be up for RAN2 to decide.
Observation 3
RAN3’s decision on whether the source gNB or target gNB should select the relay UE may depend on RAN2’s evaluation of the relay UE’s RRC state.
Observation 4
The main advantages for allowing the target gNB to select the relay UE is for its knowledge of the RSRP levels, RRC state (i.e., for CONNECTED and IDLE states) and load of its relay UEs.  
Proposal 1
Source gNB should select the target relay UE in both Scenarios B and D. 
Proposal 2
Source gNB should be allowed to select the target relay UE based on its RRC state in both Scenarios B and D. 
Proposal 3
For Scenarios B and D, relay UEs should be provide its RRC state to the remote UE. 
Proposal 4
RAN2 should incorporate CHO-like service continuity for all the scenarios defined in WID.
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Specify mechanisms to enhance service continuity for single-hop Layer-2 UE-to-Network relay for the following scenarios [RAN2, RAN3]:


Inter-gNB indirect-to-direct path switching (i.e., “remote UE <-> relay UE A <-> gNB X” to “remote UE <-> gNB Y”)


Inter-gNB direct-to-indirect path switching (i.e., “remote UE <-> gNB X” to “remote UE <-> relay UE A <-> gNB Y”)


Intra-gNB indirect-to-indirect path switching (i.e., “remote UE <-> relay UE A <-> gNB X” to “remote UE <-> relay UE B <-> gNB X”)


Inter-gNB indirect-to-indirect path switching (i.e., “remote UE<-> relay UE A <-> gNB X” to “remote UE <-> relay UE B <-> gNB Y”)


Note 2A: Scenario D is to be supported by reusing solutions for the other scenarios without specific optimizations.
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