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1. Introduction
RAN2#116bis [1] has made an working assumption of the support of handover to an IDLE/INACTIVE relay UE in direct-to-indirect path switch.

	RAN2#116bis-e agreements:
- WA: The gNB can select a relay UE in any RRC state i.e., RRC_IDLE/INACTIVE/CONNECTED as a target Relay UE when triggering the direct to indirect path switch procedure for the Remote UE by the Remote UE oriented solution, i.e. after receiving the path switch command, Remote UE establishes PC5 link with the Relay UE and sends HO complete message via the Relay UE which will trigger the Relay UE to enter CONNECTED state.

- WA: UE capability for support by the remote UE of handover to idle/inactive UE.


Also, in order to support direct-to-indirect path switch, relay UE ID reporting is also agreed with the following agreements:
	RAN2#116bis-e agreements:
- Relay UE ID included in measurement report is relay UE’s source L2 ID.

- Relay UE in RRC_CONNECTED reports its source L2 ID to gNB, via SidelinkUEInformationNR


However, there are still some important issues to be resolved for switching from a direct path to an indirect path via relay. In this paper, we discuss and provide the views/solutions for the following issues to complete the work for direct-to-indirect path switching:

1. Src L2 ID change issue

2. How to report of remote UE ID to gNB?

3. Relay UE L2 ID collision issue

4. How to prevent switch to an IDLE/INACTIVE relay UE which has done cell reselection?

2. Discussions
2.1 Handling Src L2 ID change
A U2N Relay UE will disclose its self-chosen Src L2 ID in the relay discovery procedure, either in Model A or Model B discovery. This Src L2 ID is exactly the same L2 address to be used by remote UE to setup PC5 connection and communicate for relay data in PC5 hop. So, once the PC5 link is established, this L2 address may also be subject to PC5-S Link ID change procedure designed for PC5 unicast link for the sake of privacy. It is reasonable to assume once the Src L2 ID(s) change occurs between one remote UE and relay UE, the relay UE will also change its Src L2 ID used in the relay discovery process automatically. Therefore, we need to consider the Src L2 ID change issue for a UE-to-NW relay UE.

RAN2 agreed that only UEs in RRC_CONNECTED will need to report relay UE ID in SUI message. Given that the Src L2 ID may change by the UE itself, this reporting should happen for every new Src L2 ID which has not been reported before. Hence, we think the triggering conditions for Src L2 ID reporting are:

1)  When UE enters RRC_CONNETED from IDLE/INACTIVE state; or

2)  When an RRC_CONNECTED relay UE starts to use a new Src L2 ID
Proposal 1
L2 U2N Relay UE reports its Src L2 ID to the serving gNB, when one of the following two conditions is satisfied: 

1) Relay UE enters RRC_CONNETED from IDLE/INACTIVE state; or

2) RRC_CONNECTED relay UE change its Src L2 ID.
The change of Src L2 ID also creates an out-of-sync problem because the awareness of association old Src L2 ID and new Src L2 ID is not always known by gNB, as illustrated in an example in Figure 1.
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Figure 1. Example of gNB losing track of Src L2 ID change 

As shown in Figure 1, the problem can be explained step by step as below:

1. IDLE or INACTIVE relay UE broadcasts relay announcements to nearby remote UEs. 

2. If the remote UE is connected to NW directly, it can report gNB the measurements of relay UE with a Src L2 ID to identify this relay. gNB will then organize those measurements with this Src L2 ID as a candidate relay target for handover.

3.  If the Src L2 ID changes, relay UE may start to send relay announcements with new Src L2 ID, but the measurement reports with the new Src L2 ID will not be immediately sent by the remote UE, as remote UE need time to build the SD-RSRP measurement history with the new L2 ID, depending on how frequently the relay announcements are transmitted. 

4. At this time, relay UE may enter RRC_CONNECTED and triggers the reporting of the new Src L2 ID to the gNB. However, gNB cannot associate the relay UE’s old measurements to this new Src L2 ID. 

5.  As a result, even if this relay UE can be a very good candidate in RRC_CONNECTED state, the gNB cannot choose this relay UE for direct-to-indirect path switch because it has no measurements information about this new Src L2 ID yet. Instead, gNB may choose the outdated Src L2 ID as the HO target and send HO command containing the outdated L2 ID of relay UE to the remote UE.  
The negative impact of the above problem is that the gNB has missed the chance to prepare an RRC_CONNECTED relay UE as target relay, but mis-fired a HO procedure which is doomed to fail because the outdated L2 ID of the relay UE is included in HO command. If the gNB is not in sync with this L2 ID change, the context created by measurements with old Src L2 ID will linger in gNB side, and prevent it from making correct HO decision(s). 
To avoid this problem, we propose a simple fix to include both the old Src L2 ID and new Src L2 ID in SUI message to gNB. Therefore, gNB can identify correct context of this relay and associate all recent measurements reported by remote UE(s) to this relay UE. 
The relay UE does not need always report the old Src L2 ID, so this is optionally included when L2 ID change happen approximately close to the RRC state change. When UE reports the old Src L2 ID can be up to relay UE implementation.
Proposal 2
L2 Relay UE optionally reports the last used Src L2 ID in SUI message, along with its latest Src L2 ID.
2.2
How to report of remote UE ID to gNB
When gNB prepares the RRC_CONNECTED target relay UE for direct-to-indirect path switch, the relay UE need be informed with the identifier of remote UE by gNB. Although C-RNTI is a unique identifier assigned by gNB, this identifier is not used in PC5 interface. So, Remote UE’s L2 ID used in PC5 interface needs to be reported by remote UE to gNB and then convey it to relay UE for the preparation of indirect path setup.

For remote UE which uses model-B discovery procedure, its self-assigned Src L2 ID has been available, and can be reported to its serving gNB via a Uu RRC message, such as SidleinkUEInformationNR. However, for remote UE using model-A discovery procedure, the UE just monitors relay UE’s announcements. It has not self-assigned a Src L2 ID. So, there is nothing to report in this case. To fix this issue, we need to require remote UE which are directly connected to gNB to always generate Src L2 ID for relay discovery, even if it only uses model-A relay discovery.

Proposal 3
If a L2 remote UE is directly connected to gNB and has not chosen a Src L2 ID for relay discovery, the UE generates the Src L2 ID to be used in potential SL discovery procedures and report it to gNB. 

Also, when this Src L2 ID changes, the remote UE is required to report it again.

Proposal 4
L2 remote UE triggers the report of remote UE ID whenever the Src L2 ID changes. 

Finally, as Src L2 ID assignment is an upper layer issue and managed by ProSe layer, RAN2 need send a LS to SA2/CT1 if the above proposal is agreed. 
Proposal 5
RAN2 send LS to SA2/CT1 to inform the requirement of Src L2 ID assignment of Layer 2 remote UE directly connected to gNB. 

2.3 Src L2 ID Collision Issue
For the Src L2 ID included in relay discovery message, it is self-chosen by the relay UE. Then, there is a possibility that two or more relay UEs have chosen the exact same Src L2 ID. When both of the Src L2 ID(s) reported to gNB, it will confuse the gNB. During the HO procedure and the gNB may prepare the wrong relay UE for path switching and cause HOF. 

The L2 ID collision issue is largely ignored in D2D and V2X work due to low probability of collision in short direct range with very limited number of UEs in proximity. It is also true that there is no good UE-based solution for the detection and mitigation of this collision issue. But for U2N relay scenario, a gNB may cover a large cell as big as an area with more than 10km radius, so we cannot ignore this ID collision issue anymore. Also, there is a simple NW-based solution for gNB to avoid this problem: whenever the gNB detects the relay UE SRC L2 ID collision, the gNB should assign a different Src L2 ID to one of the UEs, as shown in Figure 2. Alternatively, gNB can send an indication to trigger relay UE to self-choose a new Src ID again. Then, the relay UE will use this new Src L2 ID in its relay discovery procedure.
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Figure 2. Procedure to handle Src L2 ID collision detected by gNB 
Proposal 6  
When gNB detects the reported Src L2 ID of L2 U2N relay UE is in conflict with another relay UE connected to the same cell, the gNB either 1) assigns a different Src L2 ID for the relay UE to be used in relay discovery procedure; or 2) triggers relay UE ID to self-choose a different Src L2 ID.
2.4.
Switch to an IDLE/INACTIVE relay reselecting to another cell 
One of the consequences of supporting IDLE/INACTIVE relay UE in direct-to-indirect path switch is that the  relay UE is not well prepared by the gNB for this handover. Hence, it is not aware of its role in the incoming path switch. During the path switching procedure, the relay UE may conduct cell reselection and no longer camp to the original cell in which it claimed to be. As a result, it would no longer have the Uu path to reach the gNB which has sent the HO command to the remote UE. In this case, the PC5 link between remote UE and relay UE is setup successfully but the indirect end-to-end path is still broken.

There are some discussions [2] to recover from this HO failure by let relay UE to trigger Uu failure, but it is unclear how this failure can be detected. After PC5 link is established, the relay UE enters RRC_CONNECTED state and forwards the RRCReconfigurationComplete message to its serving gNB, but neither the relay UE nor its serving gNB has any clue about what has really happened. And the serving gNB of the relay UE may just discard this unexpected Uu RRC message.
We think a robust way to prevent all this from happening is to block the establishment of PC5 link in the first place. In order to achieve this, the DCR (Direct Communication Request) message is to be amended to contain the “HO target cell” information, so that relay UE can reject the DCR message if the cell does not match the cell which it currently belongs to. Of course, as DCR message is part of PC5-S protocol in upper layer, some interaction with SA2/CT1 is needed. But we think this approach is the best option to salvage this HO failure, so it is worth to add extra interaction between ProSe layer and AS layer to achieve it.

Proposal 7  
RAN2 to discuss the solution to prevent the establishment of PC5 link to the wrong target relay UE in IDLE/INACIVE state, e.g. with the enhancement of DCR message.

3. Conclusions

In this paper, we have discussed the remaining issues of direct-to-indirect path switching for Layer 2 UE-to-Network relay and have the following proposals:
Proposal 1
L2 U2N Relay UE reports its Src L2 ID to the serving gNB, when one of the following two conditions is satisfied: 

1) Relay UE enters RRC_CONNETED from IDLE/INACTIVE state; or

2) RRC_CONNECTED relay UE change its Src L2 ID.
Proposal 2
L2 Relay UE optionally reports the last used Src L2 ID in SUI message, along with its latest Src L2 ID.

Proposal 3
If a L2 remote UE is directly connected to gNB and has not chosen a Src L2 ID for relay discovery, the UE generates the Src L2 ID to be used in potential SL discovery procedures and report it to gNB. 

Proposal 4
L2 remote UE triggers the report of remote UE ID whenever the Src L2 ID changes. 

Proposal 5
RAN2 send LS to SA2/CT1 to inform the requirement of Src L2 ID assignment of Layer 2 remote UE directly connected to gNB. 

Proposal 6  
When gNB detects the reported Src L2 ID of L2 U2N relay UE is in conflict with another relay UE connected to the same cell, the gNB either 1) assigns a different Src L2 ID for the relay UE to be used in relay discovery procedure; or 2) triggers relay UE ID to self-choose a different Src L2 ID.

Proposal 7  
RAN2 to discuss the solution to prevent the establishment of PC5 link to the wrong target relay UE in IDLE/INACIVE state, e.g. with the enhancement of DCR message.
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