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1. Introduction
Many agreements have been reached in RAN2#116e [1] regarding the service continuity procedures for Layer 2 UE to NW relay. However, there are still several pending issues remain unresolved for both the indirect-to-direct path switch scenario and direct-to-indirect path switch scenario.

For direct-to-indirect switch scenario, the following issues need to be addressed:
1. Whether and how to support handover to target relay UE in RRC_IDLE or RRC_INACTIVE state?

2. When gNB identifies a relay UE with Src L2 ID, how to handle the ID collision case?
3. What is the triggering condition of reporting Src L2 ID to gNB in SidelinkUEInformation?

4. Whether Allow-list/Block-list of relay UE(s) is introduced for SL relay?
5. What is the stop condition of the new T304-like timer in Remote UE?
For indirect-to-direct switch scenario, the following issue needs to be addressed:

1. UL PDCP lossless behaviour in indirect-to-direct path switch
In this paper, we present our views and proposals for all of the above remaining issues.
2. Discussions
2.1 Support of IDLE/INACTIVE relay UE for direct-to-indirect switch
There was a debate in RAN2#116-e about the following reduced options among the 3 options originally proposed in [2] regarding the support of IDLE/INACTIVE relay UE in direct-to-indirect path switch for L2 U2N relay. 
Updated Proposal 23: RAN2 to down select among the following options to handle the case of Relay UE in IDLE/INACTIVE during direct-to-indirect path switch:

‐
[8/22]Option1: The target Relay UE of direct-to-indirect path switch must be in RRC_CONNECTED.
‐
[14/22]Option2: Relay UE in IDLE/INACTIVE can be indicated as target Relay, and to support such case 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 sate.
Regarding Option 1, we think limiting the support to only RRC_CONNECTED relay UE has some drawbacks. Remote UE may not be able to have RRC_CONNECTED relay UEs in proximity, i.e., the only available relay UE(s) are the ones not in RRC_CONNECTED state. In this case, it is vital to allow the remote UE to continue the service with a IDLE/INACTIVE relay UE w/o interrupting the current service. If this is not supported, then the L2 U2N case will become incomplete. Layer 3 based U2N solutions has no such constraint, as L3 remote UE is free to choose any L3 relay UE discovered for its L3 path switching, assuming the relay UE will establish a connection to NW sooner or later to enable traffic forwarding. Hence, without this, L2 U2N relay solution would be an inferior solution, when compared to L3 relay.

On the other hand, UE-oriented option 2, which seems more like a “NW redirecting” rather than “NW-controlled handover”, has some other shortcomings such as unable to guarantee the readiness and feasibility of the indirect path when HO command is sent. We understand that this approach will likely cause more HO failures. But it is still an acceptable option in Rel-17, given that there is limited time left to finish Rel-17 SL relay work.
Proposal 1  
RAN2 choose UE-oriented Option (Option 2) for Rel-17 to support direct-to-indirect path switch to an IDLE/INACTIVE relay UE.

2.2 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 1. Then, the relay UE will use this new Src L2 ID in its relay discovery procedure.
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Figure 1. Procedure to handle Src L2 ID collision detected by gNB 
Proposal 2  
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 chooses a different Src L2 ID for the relay UE to be used in relay discovery procedure.
2.3 Triggering condition of Src L2 ID reporting
How to report relay UE’s Src L2 ID has been discussed in post-meeting email discussion [3] and the majority agrees that the L2 U2N relay UE shall report its src L2 ID in SidelinkUEInformation message when UE is in RRC_CONNECTED state. However, there is an opinion that even IDLE/INACTIVE relay UE shall also report its Src L2 ID. 
Regarding the triggering conditions of Src L2 ID reporting, we think this is only needed for the sake of service continuity but not for other less important purpose. Otherwise, we introduce unnecessary signaling overhead.

For support of IDLE/INACTIVE relay UE, if option 1 is chosen, then there is no existence of any IDLEINACTIVE L2 U2N relay UE. If option 2 is chosen, there is not any obvious benefit for relay UEs to enter RRC_CONNECTED state for only reporting such a Layer 2 address. Anyway, gNB can only rely on remote UE’s measurement reports to know whether the IDLE/INACTIVE relay is still camped in the same cell and whether the relay UE is in proximity to the remote UE. Any earlier reporting of Src L2 ID by the relay UE does not provide useful information for gNB to make HO decisions.

Hence, we think the Src L2 ID reporting behavior shall be limited to RRC_CONNECTED state relay UE. Also, given that the Src L2 ID may change by the UE itself, this reporting should happen for a new Src L2 ID which has not been reported before. Given the above analysis, 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 3
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 begins to use a new Src L2 ID.
2.4 Allowlist/BlockList of relay UE
In NR Uu interface, the whitelist and blacklist of cells are included in the SIB. A blacklisted cell will not be applicable in the event evaluation or measurement reporting. For the similar logic, we think allowlist/blocklist can also be introduced in Sidelink U2N relay to reduce UE power consumption and signaling overhead. 
It has been argued that if a relay UE is overloaded, it shall not be discovered in the first place in the post-meeting email discussion [3]. But we think the discovery and measurements are two separate issues. A relay UE may be “discoverable” by one set of UEs, but not to be “measured” by another set of UEs. Having the “allowlist/blocklist” allows gNB to fine-tuning the UE measurements and reduce unnecessary measurements and reporting. Also, the specification effort for adding those lists are minimal.
Proposal 4  
Allow-list/Block-list of relay UE during direct to indirect path switch is supported. 

2.5 Stop condition of the new T304-like timer in Remote UE
It has been discussed in [4] that what is the stop condition for the new T304-like timer in remote UE when the HO procedure is completed. Logically, we think this need follows the same Uu principle. In legacy Uu for the stop condition of T304, the timer is stopped upon successful completion of random access on the corresponding SpCell [5]. The completion of RACH in Uu link means there is a “physically viable” connection to the target cell. Therefore, the T304 timer can be stopped at this time, i.e., before the transmission of HO complete message to the NW. Similarly, the “physically viable” path is available in the SL relay case when the PC5 unicast link is established (given that the Uu hop between relay UE and gNB has already been prepared by the gNB a prior). Hence, there is no need to use the successful transmission of RRCReconfigurationComplete message as a stopping condition.
Proposal 5  
Remote UE stops new T304-like timer upon the PC5 unicast link is successfully established with the target Relay UE. 
2.6 UL PDCP lossless in indirect-to-direct path switch

For indirect-to-direct switch, there is no guarantee that earlier PC5 transmissions from remote UE to relay UE are sure to be forwarded to gNB during the path switching procedure. Some packets may be still buffered in relay UE at this time for UL delivery to the gNB, especially when Uu link starts to become unreliable at this handover stage. If Uu link fails during this time period, as shown in Figure 2. some packets may be acknowledged in PC5 hop in Sidelink RLC bearer, but not received by gNB’s PDCP entity.
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Figure 2.UL traffic Paclet loss during Uu RLF 
Thus, to ensure lossless delivery, those packets need to be retransmitted via the new “direct” path. However, as RLC buffer has already been flushed, those packets need to be retransmitted in PDCP level.
In RAN2#115 meeting [6], there is an agreement to use PDCP status report to solve this issue:

	Proposal 13
The DL/UL lossless delivery during the path switch is done according to the PDCP status report. FFS if there is spec impact.


We need to stick to the above agreement to address the UL PDCP lossless issue. 
Proposal 6 
Remote UE retransmits all the PDCP SDUs for which the successful delivery of the corresponding PDCP Data PDU has not been confirmed by PDCP status report in the target side after path switch. 
3. Conclusions

In this paper, we have discussed the remaining issues of service continuity for Layer 2 UE-to-Network relay  and have the following proposals:
Proposal 1  
RAN2 choose UE-oriented Option (Option 2) for Rel-17 to support direct-to-indirect path switch to an IDLE/INACTIVE relay UE.

Proposal 2  
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 chooses a different Src L2 ID for the relay UE to be used in relay discovery procedure. 

Proposal 3  
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 begins to use a new Src L2 ID.
Proposal 4  
Allow-list/Block-list of relay UE during direct to indirect path switch is supported. 

Proposal 5  
Remote UE stops new T304-like timer upon the PC5 unicast link is successfully established with the target Relay UE. 

Proposal 6 
Remote UE retransmits all the PDCP SDUs for which the successful delivery of the corresponding PDCP Data PDU has not been confirmed by PDCP status report in the target side after path switch. 
4. References

[1] 
Chairman’s notes, RAN2#116-e.

[2]
R2-2111276

Summary of Agenda item 8.7.2.2: Service continuity
Huawei, HiSilicon
discussion
Rel-17
NR_SL_relay-Core
[3]
R2-2200009

 Summary of [Post116-e][604][Relay] Remaining issues on service continuity (Xiaomi)
[4]
R2-2111380

Summary of [AT116-e][626][Relay] Direct-to-indirect path switch (Huawei)
Huawei, HiSilicon
discussion
Rel-17
NR_SL_relay-Core
[5]
TS 38.331 v 16.5.0

[6]
Chairman’s notes, RAN2#115-e

3/4


