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1. Introduction
In RAN2#114-e, the following service continuity agreements has been reached:

	Agreements on service continuity

Proposal 1 (easy) (19/19): The procedure of Figure 4.5.4.1-1 in TR38.836 and the procedure of Figure 4.5.4.2-1 in TR38.836 are the baseline for Remote UE’s intra gNB mobility in RRC_CONNECTED.

Proposal 2 (easy) (19/19): INM RRC and/or X2/Xn messages for inter-gNB handover are not used for the path switch procedures in intra gNB case.

Proposal 3 (easy) (19/19): DAPS-like path switch procedure for Remote UE is not considered in this release. 

Proposal 6 (easy) (19/19): Legacy RRC Reconfiguration and Measurement Report signalling procedures can be used for path switch procedure with extension to evaluate relay link measurement and Uu link measurement.

Proposal 10 (easy) (19/19): In case of path switch from indirect to direct, detailed measurement results from Remote UE are reported when configured reporting criteria is met as legacy measurement report.

Proposal 11 (easy) (19/19): SL relay measurement report can include at least Relay UE ID, serving cell ID, RSRP information. 

Proposal 13 (easy) (19/19): Remote UE in RRC_CONNECTED suspend Uu RLM when Remote UE is connected to gNB via Relay UE.

Proposal 14 (easy) (19/19): For indirect to direct path switch, Remote UE stops UP and CP transmission via relay link after reception of RRC Reconfiguration message from gNB (i.e., step 3).

Proposal 23 (easy) (19/19): For indirect to direct path switch, the timing of step 8 is independent of step 6 and step 7.

[Note: P23 refers to the step numbers from Figure 4.5.4-1 of TR 38.836]

Proposal 24 (easy) (19/19): For indirect to direct path switch, RLC and lower layers behaviours of a Remote UE can be similar with those of legacy UE in intra-gNB handover.

Proposal 29 (easy) (19/19): For direct to indirect path switch, Remote UE stops UP and CP transmission over Uu after reception of RRC Reconfiguration message from gNB (i.e., step 3).

Proposal 31 (easy) (19/19): For direct to indirect path switch, the contents in RRC Reconfiguration message for Remote UE can include at least Relay UE ID, PC5 RLC configuration for relaying and associated E2E RB.


In this paper, we discuss the remaining issues of service continuity for Layer 2 UE-to-Network relay. 
2. Discussions
For the convenience of discussion of path switching topic, we placed the baseline signaling diagrams in TR 38.836[1] for path switching in Figure 1 and Figure 2, as reference.
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Figure 1. Procedure for Remote UE switching to indirect Relay UE for L2 U2N solution
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Figure 2. Procedure for Remote UE switching to direct Uu cell for L2 U2N solution

2.1 Measurement reports for candidate relays
The handovers between indirect path and direct path as shown in Figure 1 and Figure 2 rely on UE measurements of both paths. For direct-to-indirect path switch, the candidate relays need to be reported to gNB before gNB can decide the indirect path to switch. It has been debated in [2] that whether remote UE shall filter those candidate relays based on higher-layer criteria, or just report all candidate relays based on gNB’s measurement configuration. We think rhere are several issues regarding the latter approach, although it is more similar to legacy Uu measurement report:
1. If a relay does not satisfy higher-layer criteria, it is useless to be a path switching candidate. Therefore, there is no need to report this relay UE. For example, if a relay UE belong to a PLMN different from remote UE’s own PLMN is reported, it cannot be selected anyway and the reporting is wasteful.  

2. Higher layer criteria are determined by UE’s upper layers and not visible to gNB. So gNB may chosoe the wrong candidate and fail the service continuity procedure.

Hence, we think the correct approach is to let remote UE to filter the relay UE candidates first.
Proposal 1  
SL relay measurement report for direct to indirect path switch only include candidate Relay UE(s) filtered by Remote UE based on higher layer criteria.
2.2 Switching to Indirect path with IDLE/INACTIVE relay UE
So far, the procedure agreed in [2][4] assumes gNB choosing an RRC_CONNECTED relay UE in step 2 for direct-to-indirect path switch. It is a bit controversial that when UE/gNB evaluate alternative paths, the relay UE in RRC_IDLE or RRC_INACTIVE state shall be considered or not. I think this is a quite important issue and may affect both system design and system performance.

We think IDLE/INACTIVE relay needs to be supported in R17, for the following reasons.

1. The remote UE, when moving out of coverage, may not be able to have RRC_CONNECTED 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 continue the service with a IDLE/INACTIVE relay UE. If this is not supported, then the L2 U2N case becomes incomplete. Layer 3 based U2N solutions has no such constraint, as remote UE are free to choose any 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. 
2. Relay selection and reselection procedure has not considered “RRC states” as one of the additional AS layer criteria, so that the remote UE does not know the “best” candidate relay UE is in RRC_CONNECTED or not. 

3. No matter what RRC state the relay is in, it is for UE’s best interest to always choose the relay UE which has best PC5 link quality. This metric cannot be easily improved while RRC state can always be transferred.
4. The changes to service continuity procedure is feasible and incur limited changes, mainly on how to further prepare the relay UE and gNB before path switching is triggered by gNB.  

Hence, we propose to support IDLE/INACTIVE relay in path switching for R17.
Proposal 2  
IDLE/INACTIVE relay UE for path switching is supported in R17. 
2.3 Data buffering in relay UE during indirect-to-direct switch or RLF
For indirect-to-direct switch as shown in Figure 2, it has been agreed that:

1. For indirect to direct path switch, Remote UE stops UP and CP transmission via relay link after reception of RRC Reconfiguration message from gNB (i.e., step 3)”. 
2. For indirect to direct path switch, the timing of step 8 is independent of step 6 and step 7.
However this does not ensure 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, and it will take some time to be eventually delivered to gNB, especially when Uu link is no longer very reliable at this handover stage. The same issue applies to DL traffic, too. So, when step 6 or step 7 occurs, the relay UE may still have some RLC PDUs of UL traffic not delivered to gNB for UL traffic (Step 6), or still have some RLC PDUs of DL traffic not delivered to remote UE yet (Step 7).

Instead of simply let relaying UE discarding them, one option is to always postpone the execution of step 6 and step 7, e.g., to configure a generous time gap so that relay UE can have sufficient time for finish the transmission of buffered data. In RAN2
Proposal 3  
Support a time gap to allow relay UE to complete transmission of buffered RLC PDUs so that step 6 and step 7 always to be executed after step 8.
However, this solution does not work if either PC5 or Uu link fails during this time period. We think a solution regarding those buffered RLC data in this case may be extended to general RLF cases, instead of during handover. For example, for the case of Uu RLF, there will always be a problem for relay UE regarding any undelivered UL data in RLC layer.
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Figure 3.UL traffic buffered during Uu RLF 

If relay UE just discard all those buffered data, the packet loss can only be recovered if PDCP layer of remote UE supports retransmission, e.g., at the cue of PDCP status report. However, the major drawback with PDCP-based recovery is that, when we consider multi-hop UE-to-NW relay case in general, the retransmission of lost packet in PDCP layer needs to travel the whole end-to-end path again. take  This will incur more delay and more overhead.

For fast recovery of packet loss in relaying case, it makes sense to take advantage of the hops which are already travelled by those RLC PDUs and salvage the loss at its nearest point. Therefore, alternatively, if the buffered RLC PDU can be route back to the last hop, instead of being discarded, a faster recovery can be expected. For example, when RLF occurs, those RLC PDUs can be immediately route back to the Remote UE by Relay UE with some indication of which Uu bearer it belongs to, the remote UE’s RLC layer will be able to know that those RLC PDUs are to be retransmitted via the new path, without waiting for the PDCP layer retransmission.
Proposal 4  
When RLF occurs in the next-hop, relay UE can route back buffered RLC PDUs to its last hop to help fast recovery.
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  
SL relay measurement report for direct to indirect path switch only include candidate Relay UE(s) filtered by Remote UE based on higher layer criteria.
Proposal 2  
IDLE/INACTIVE relay UE for path switching is supported in R17. 
Proposal 3  
Support a time gap to allow relay UE to complete transmission of buffered RLC PDUs so that step 6 and step 7 always to be executed after step 8.

Proposal 4  
When RLF occurs in the next-hop, relay UE can route back buffered RLC PDUs to its last hop to help fast recovery.
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