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1
Introduction

In this contribution, we will discuss the remaining issues for multi-path operation and U2U relay operation based on the discussion of the previous meetings. 
2 Discussion
2.1 Discussion on U2U relay remaining issues

In this part, we discuss the U2U relay remaining issues related to the QoS split procedure, gNB capability, E2E Timer handling, and U2U relay configuration release. In addition, we handle the Reply LS on L2ID and User Info for L2 based U2U from SA2 [1].
2.1.1 QoS split procedure for L2 U2U Relay
According to the current specification, the L2 ID of peer remote UE should be delivered between remote UE and relay UE during QoS split procedure, as captured from TS 38.331 [2].
	Excerpt from TS 38.331

· 5.8.9.11.1
General
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Figure 5.8.9.11.1-1: Sidelink UE information procedure

This purpose of this procedure is to transfer the UE information in sidelink. The L2 U2U Remote UE informs its end-to-end QoS information to its connected L2 U2U Relay UE in the UEInformationRequestSidelink message, and the L2 U2U Relay UE delivers the split QoS information of the first-hop to the Remote UE in the UEInformationResponseSidelink message.

Editor’s Note:
Whether this message arrangement is optimal can be discussed in maintenance. Whether to cover the case the Relay UE updates the QoS split can be discussed in maintenance.
· 5.8.9.11.2
Actions related to transmission of the UEInformationRequestSidelink by the UE

For initial information transfer (e.g. for QoS split) or upon change in any of the information in the UEInformationRequestSidelink, the UE shall set the contents of UEInformationRequestSidelink message as follows:

1>
if the UE is acting as L2 U2U Remote UE:

2>
set sl-E2E-QoS-ConnectionListPC5 to include the end-to-end QoS profile(s) of the sidelink QoS flow(s) of peer L2 U2U Remote UE if configured by the upper layer, and for each entry:

3>
set sl-DestinationIdentityRemoteUE to include the associated destination identity for peer L2 U2U Remote UE if configured by the upper layer;
2>
submit the UEInformationRequestSidelink message to lower layers for transmission;
· 5.8.9.11.3
Actions related to reception of the UEInformationRequestSidelink by the UE

The UE shall perform the following actions upon reception of the UEInformationRequestSidelink:

1>
if the UE is acting as L2 U2U Relay UE:
2>
if the UEInformationRequestSidelink includes the sl-E2E-QoS-ConnectionListPC5:

3>
perform QoS split based on the sl-QoS-InfoList for each QoS flow to decide the split PDB value for each PC5 hop;

3>
set the contents of UEInformationResponseSidelink message as follows:
4>
set sl-SplitQoS-InfoListPC5 to include the split PDB value for each QoS flow on the fisrt PC5 hop between L2 U2U Relay UE and L2 U2U Remote UE;

4>
set sl-DestinationIdentityRemoteUE to include the associated destination identity for peer L2 U2U Remote UE if configured by the upper layer;
3>
submit the UEInformationResponseSidelink message to lower layers for transmission;


However, if the remote UE has multiple E2E connections via the same relay UE,  the transmission of the multiple L2 IDs of different peer remote UEs will cause a large amount of signalling overhead. Actually, the purpose of carrying the L2 ID of peer remote UE in the UEInformationRequestSidelink message is to enable the relay UE to distinguish  different E2E QoS flows of different peer remote UEs. Similarly, carrying the L2 ID of peer remote UE in the UEInformationResponseSidelink message is to enable the remote UE to associate the split PDB with the corresponding E2E QoS flows of different peer remote UEs. Therefore, if the remote UE is able to associate the split PDB with the corresponding E2E QoS flows only based on the QoS flow ID,  there is no need to carry the L2 ID of peer remote UE in the UEInformationResponseSidelink message.
To achieve this purpose in order to reduce the signalling overhead, the remote UE can use a new ID, which is unique in the scope of remote UE, to identify the E2E QoS flow and have  this ID carried in the UEInformationRequestSidelink message. Thus, the remote UE can associate the split PDB with the corresponding E2E QoS flows of different peer remote UEs after receiving the UEInformationResponseSidelink message, which also carries the new ID.
Proposal 1: Remove the L2 ID in UEInformationResponseSidelink message, and introduce a new ID to identify a QoS flow uniquely in the scope of remote UE, in QoS split procedure.
2.1.2 gNB capability
In Rel-17, two fields (i.e. sl-L2U2N-Relay and sl-L3U2N-RelayDiscovery) are introduced in SIB12 to indicate that whether the gNB supports L2 U2N relay and L3 U2N relay discovery. Similarly, two new fields should be introduced in SIB12 to indicate the capability of L2 U2U relay and L3 U2U relay. In addition, the dedicated configuration, the Tx UE requests in RRC_CONNECTED, is same as defined in Rel-16 for L3 U2U relay operation, but the gNB should provide SRAP configuration and RLC channel configuration to Tx remote UE and the relay UE for L2 U2U relay operation. Therefore, the new field for L2 U2U relay is to indicate that whether the gNB supports L2 U2U relay operation, while the new field for L3 U2U relay is to indicate that whether the gNB supports L3 U2U relay discovery.
Proposal 2: Two new fields should be introduced in SIB12 to indicate that whether the gNB supports L2 U2U relay operation and L3 U2U relay discovery respectively. 
2.1.3 SRAP configuration release
In L2 U2U relay, the local IDs of the remote UEs are assigned by the relay UE after the per-hop unicast connection establishment. However, when E2E connection is released, the relay UE may not be aware of that, thus cannot release the SRAP configuration in time. Therefore, we propose that the remote UE informs the relay UE of the release of E2E connection, so that the relay UE can release the SRAP configuration correctly.
Proposal 3: The remote UE informs the relay UE when E2E connection is released. 
2.1.4 Bi-direction RLC channel release
In L2 U2U relay, the SL-DRB mapped to the same bi-direction RLC channel may be different for the UEs at each end of the unicast connection.  Then when one of the UE triggers the release of the RLC channel when no associated SL-DRB mapped to the RLC channel for transmission, this may cause failure of subsequent transmissions due to configuration misalignment between the UEs at each end of the unicast connection, because the other UE may still have SL-DRB mapped to the RLC channel. For example, the source UE has two DRBs (DRB#1, DRB#2) with destination to UE1 and two DRBs (DRB#3, DBR#4) with destination to UE2, and there are two bi-direction RLC channel between the relay UE and the source UE. As shown in Fig 1, the bearer mappings in the source UE side are: DRB#1 and DRB#2 mapped to RLC channel#1, DRB#3 and DRB#4 mapped to RLC channel#2. And the bearer mappings in the relay UE side are: DRB#1 mapped to RLC channel#1, DRB#2, DRB#3 and DRB#4 mapped to RLC channel#2. The relay UE may trigger the release of RLC channel#1, e.g. if  RLF is detected between the relay UE and the destination UE1, while the source UE still has DRB#3 mapped to RLC channel#1, which will lead to subsequent transmission failure of DRB#3.

[image: image2]
Fig 1. Example of asymmetric bearer mapping
Observation 1: The current PC5 RLC channel release mechanism may cause failure of subsequent transmissions. 
In order to ensure the correct release of bi-direction RLC channel, the UE needs to know whether the peer UE has data transmission on the bi-directional RLC channel. Here are two options to solve the problem:
· Options 1: the relay UE and the remote UE inform each other of the bearer mapping configuration.

· Option 2: the UE, configured by the peer UE to release the RLC channel, rejects the configuration when there is SL-DRB mapped to this RLC channel for transmission and sends feedback information to the peer UE to indicate the reason for rejecting the configuration.
Proposal 4: RAN2 to down select from the two options:

· Options 1: the relay UE and the remote UE inform each other of the bearer mapping configuration.

· Option 2: the UE, configured by the peer UE to release the RLC channel, rejects the configuration when there is SL-DRB mapped to this RLC channel for transmission and sends feedback information to the peer UE to indicate the reason for rejecting the configuration.
2.1.5 E2E Timer
For E2E configuration in U2U relay, the Tx remote UE sends E2E SDAP/PDCP configuration to Rx remote UE. It may take a longer time for E2E PC5-RRC message transmission compared with direct communication scenario. Therefore, the timer T400 should have longer timer value to avoid that the configuration procedure may be broken  due to the timer expiry. Three options are provided to solve the problem:

· Options 1: introduce an offset in addition to legacy T400, then the E2E timer value of T400 can be determined by adding the offset value to the legacy timer value. This option is not only compatible with legacy mechanism , but also  extendable to support future multi-hop U2U relay scenario. For instance, the final timer value of T400 can be legacy timer value+2*offset, in case of 3-hops U2U relay.

· Option 2: the relay UE informs the value of T400 to Tx remote UE, then the E2E timer value of T400 can be determined by adding the value of relay UE’s T400 to the value of Tx remote UE’s T400. This option can avoid the problem where the E2E timer value of T400 is less or equal to the value of relay UE’s T400, which will lead to E2E configuration failure because the E2E timer is sure to expire. In addition, this option can also be extended to future multi-hop U2U relay scenario.
· Option 3: introduce a new T400-like timer, then the new timer value should be longer than T400. This option is feasible in single-hop U2U relay scenario, but not compatible with future multi-hop U2U relay scenario.
It can be observed that option 2 has less impact to specification compared with option 1 and can be extended to future multi-hop U2U relay scenario. Therefore, we propose to down select option 2.
Proposal 5: The relay UE informs its T400 value to the Tx remote UE, then the E2E timer value of T400 can be determined by adding the value of relay UE’s T400 to the value of Tx remote UE’s T400.

2.1.6 LS response to SA2
In Rel-16, the unicast connection and the corresponding AS configuration are managed in AS layer based on the L2 ID pair of the remote UE. Following this principle, the local ID, which is part of AS configuration, should be linked to the L2 ID. From RAN2 perspective, the L2 ID of peer remote UE can also be used to manage the E2E unicast connection as well as the E2E SDAP/PDCP configuration, which means the L2 ID is considered as an anchor of the E2E UE context.
Proposal 6: RAN2 send LS to SA2 to confirm that RAN2 prefer option2, i.e. remote UE can learn the L2 ID of peer remote UE.

2.2 Discussion on Multi-path operation remaining issues
In this section, we discuss the multi-path remaining issues including the PC5 link maintenance during direct path addition/change/release, T421 stop condition, Relay UE identification for PC5-RRC trigger, and condition for PC5-RRC trigger.
2.2.1 PC5 uncast link maintenance/release when same relay UE is involved before/after PCell change

We have the following Editor's Note in current RRC spec, which considers the case of configuring direct path add/modify/release while the connected relay UE is not changed.,

	Editor's Note: FFS whether/how to indicate PC5 release/maintain for indirect path add/modify/release. And for indirect path release, FFS whether to include an explicit "directPathRelease" flag in the reconfiguration procedure so that the UE can apply a simpler behaviour.


Considering only intra-gNB case is supported for MP, the same key can be used during the direct path addition/change/release procedure. In this case, it is feasible to maintain the source PC5 unicast link, and the network may use delta configuration or full configuration for the remote UE. The advantage is the remote UE does not need to do sidelink release-and-add with the same relay UE.
However, the gNB may update the key during PCell change in case of direct path addition/change/release as well. For example, key refresh in case PDCP COUNT warps around, or due to {NH, NCC} update after last time path switch. In this case, if the PC5 unicast link between the remote UE and relay UE is maintained, the remote UE and network should be able to distinguish the packets with old key and new key, otherwise the wrong data will be delivered to upper layer. To limit the complexity, it can be left to NW implementation to avoid the key ambiguity. For instance, if key is to be updated, the remote UE should be indicated to release the PC5 unicast link and establish a new PC5 unicast with the relay UE after PCell change during direct path addition/release/change. Or the NW can configure a new local ID to the remote UE during PCell change, so that the packets using old key will be discarded by SRAP error handling.

Proposal 7: Legacy key change during PCell change should be allowed in MP for security assurance.
Observation 2: In case of direct path addition/release/change, if PC5 unicast link is maintained while key changes, the remote UE and network should be able to distinguish the packets with old key and new key, otherwise the wrong data will be delivered to upper layer. 

Considering the above cases, we should allow the NW to configure PC5 release or maintenance in case of direct path addition/release/change. An explicit network indication can be introduced.

Proposal 8: An explicit network indication should be introduced to indicate remote UE to maintain or release the PC5 unicast link with the source relay UE during the procedures of direct path addition/direct path release/direct path change without indirect path change.

2.2.2 Relay UE identity of PC5-RRC trigger
In RAN2 123bis meeting, we have the following working assumption. Since there is no other different behaviour between Rel-17 relay UE and Rel-18 relay UE except the PC5-RRC trigger for bringing IDLE/INACTIVE relay UE to CONNECTED state, we can confirm this WA.

	Working assumption:


Rel-17 relay UEs can be considered as candidate target UEs for MP procedures.


Proposal 9: Confirm the WA Rel-17 relay UEs can be considered as candidate target UEs for MP procedures.

Based on the P3, remote UE may report the relay UEs supporting PC5-RRC trigger as well as the Rel-17 L2 U2N Relay UEs for indirect path addition/change. In this case, if an IDLE/INACTIVE Rel-17 relay UE is selected as the target while the RRCReconfigurationComplete is not configured on the indirect path, indirect path addition/change failure will happen. To avoid this failure case, we have two options as follows.

1. Specify a solution to differentiate the Rel-17 UE and the Rel-18 UE supporting PC5-RRC trigger in the measurement reporting. The most straightforward way is to extend the measurement results to indicate whether the candidate Relay UE can support PC5-RRC trigger, and this information is delivered by Relay UE’s discovery message, e.g. AS container.

2. Network always configures PDCP duplication for SRB1, then RRCReconfigurationComplete on the indirect path is always available. This requires the remote UE has to support split SRB and PDCP duplication if it supports using idle/inactive relay UE.

If option 2 is adopted, PC5-RRC solution will be useless and all the standard efforts spent on this solution is wasted. Therefore, we think option 1 is better. Based on option 1, the relay UE can be released to idle/inactive for power saving, and the network can configure the SRB1 on the indirect path (e.g., split SRB with duplication) if a Rel-17 IDLE/INACTIVE relay UE is selected as the target, but if the remote UE does not support split SRB1 with duplication, it can select a relay UE supporting PC5-RRC trigger.

Proposal 10: To enable network awareness of whether a candidate relay UE supports the PC5-RRC trigger or not, a relay UE can indicate the support in discovery message, e.g. in the AS container, and the remote UE can include the information in measurement results.
2.2.3 Condition for PC5-RRC trigger

In RAN2-123bis meeting, RAN2 has agreed that

	PC5-RRC trigger is used only when RRCReconfigurationComplete is not sent via indirect path (NOT to be used when the duplicated RRCReconfigurationComplete is sent via indirect path).


In the current RRC spec, the legacy RemoteUEInformationSidelink message is reused as the PC5-RRC trigger. If the remote UE is configured with indirect path addition and not configured with split SRB1 with duplication, i.e., the SRB1 message is not available on the indirect path, the remote UE will trigger this PC5-RRC message with connectionForMP IE in it.

During the indirect path addition/change, the network may select a RRC_CONNECTED relay UE or an IDLE/INACTIVE relay UE as the target. According to the current text procedure, regardless of Relay UE’s RRC state, the remote UE always trigger RemoteUEInformationSidelink message with connectionForMP IE. From an implementation perspective, it is with high probability for the NW to select a RRC_CONNECTED relay UE. Therefore, the current mechanism can cause signalling overhead. To let remote UE aware when it needs to use PC5-RRC trigger, the following options can be considered.

1. Network indicates to remote UE the relay UE’s RRC state in the indirect path addition/change configuration.

2. Remote UE can receive the relay UE’s RRC state via the discovery message.

To us, option 1 is more reliable, and can avoid complexity on determination when/whether to send PC-RRC message taking into account of both side info from network and relay UE. Besides, we do not see any case that the NW shall indicate the remote UE to use the PC5-RRC trigger when the relay UE is in RRC_CONNECTED state. Therefore, the NW can use an explicit indication to indicate the relay UE RRC state when SRB1 is not configured on the indirect path.

Proposal 11: Remote UE uses the PC5-RRC trigger when relay UE is not in RRC_CONNECTED state based on Network indication in the indirect path addition/change configuration.

2.2.4 T421 stop condition for indirect path addition/change
In RAN2-123bis meeting, we have the following agreement for the timer T421, particularly for the case when  SRB1 is not configured on the indirect path, i.e., non-split SRB1 and split SRB1 without PDCP duplication..
	If RRCReconfigurationComplete is transmitted in indirect path, reuse R17 Legacy T420 stop condition (i.e., PC5 RLC ACK of RRCReconfigurationComplete in indirect path) for new T420-like timer. Else, down-select next meeting from the following options for the stop condition:

Option 1: PC5 connection is established (i.e., PC5-S unicast link establishment procedure is complete).

Option 2: upon reception of RRCReconfigurationCompleteSidelink.


When the RRCReconfigurationComplete is not transmitted in indirect path, i.e., SRB1 is not available on the indirect path, the remote UE could perform s the following procedures after receiving the indirect path addition/change configuration.
Step 1 (Optional). Remote UE establishes the PC5 connection with the target relay UE if the PC5 connection does not exist. If the PC5 connection already exists, this step is skipped.

Step 2 (Optional). Remote UE sends the PC5-RRC message to trigger the RRC_IDLE/INACTIVE relay UE to enter into RRC_CONNECTED state. As we propose in Proposal 11, the PC5-RRC trigger can be applied based on relay UE’s RRC state to reduce signalling overhead. Therefore, this step can be skipped as well.

Step 3 (Mandatory). Remote UE sends the RRCReconfigurationSidelink message to relay UE to configure the PC5 Relay RLC channels for data transfer. As the response, the relay UE sends the RRCReconfigurationCompleteSidelink message to remote UE to indicate the successful reconfiguration.

According to remote UE’s behaviour, option 1 is only applicable to the case the PC5 connection is not established before the indirect path addition/change procedure. Otherwise the T421 stop condition can occur before  the T421 timer start point. Option 2 can be applied in any case. 

Observation 3: Option 1 is not applicable to the case the PC5 connection is established before the indirect path addition/change configuration. Option 2 can be a unified solution for all cases when SRB1 is not configured on the indirect path.
Proposal 12: Adopt option 2, i.e., upon reception of RRCReconfigurationCompleteSidelink, for T421 stop condition when non-split SRB1 or split SRB1 without PDDCP duplication is configured.
3
Conclusion

Discussion on U2U relay remaining issues

Observation 1: The current PC5 RLC channel release mechanism may cause failure of subsequent transmissions. 
Proposal 1: Remove the L2 ID in UEInformationResponseSidelink message and introduce a new ID, which is unique in the scope of remote UE, in QoS split procedure.
Proposal 2: Two new fields should be introduced in SIB12 to indicate that whether the gNB supports L2 U2U relay operation and L3 U2U relay discovery. 
Proposal 3: The remote UE informs the relay UE when E2E connection is released. 
Proposal 4: RAN2 to down select from the two options:

·  Options 1: the relay UE and the remote UE inform each other of the bearer mapping configuration.

· Option 2: the UE, configured by the peer UE to release the RLC channel, rejects the configuration with an indication fed back to the peer UE.
Proposal 5: The relay UE informs its T400 value to the Tx remote UE, then the E2E timer value of T400 can be determined by adding the value of relay UE’s T400 to the value of Tx remote UE’s T400.

Proposal 6: RAN2 send LS to SA2 to confirm that RAN2 prefer option2, i.e. remote UE can learn the L2 ID of peer remote UE.

Discussion on multi-path operation remaining issues

Observation 2: In case of direct path addition/release/change, if PC5 unicast link is maintained while key changes, the remote UE and network should be able to distinguish the packets with old key and new key, otherwise the wrong data will be delivered to upper layer. 
Observation 3: Option 1 is not applicable to the case the PC5 connection is established before the indirect path addition/change configuration. Option 2 can be a unified solution for all cases when SRB1 is not configured on the indirect path.
Proposal 7: Legacy key change during PCell change should be allowed in MP for security assurance.
Proposal 8: An explicit network indication should be introduced to indicate remote UE to maintain or release the PC5 unicast link with the source relay UE during the procedures of direct path addition/direct path release/direct path change without indirect path change.

Proposal 9: Confirm the WA Rel-17 relay UEs can be considered as candidate target UEs for MP procedures.

Proposal 10: To enable network awareness of whether a candidate relay UE supports the PC5-RRC trigger or not, a relay UE can indicate the support in discovery message, e.g. in the AS container, and the remote UE can include the information in measurement results.
Proposal 11: Remote UE uses the PC5-RRC trigger when relay UE is not in RRC_CONNECTED state based on Network indication in the indirect path addition/change configuration.

Proposal 12: Adopt option 2, i.e., upon reception of RRCReconfigurationCompleteSidelink, for T421 stop condition when non-split SRB1 or split SRB1 without PDDCP duplication is configured.
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