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1. Introduction
The issues on multi-path are discussed and some of the agreements achieved in RAN2#122[1] are listed below.
Agreements:
For Scenario-1/2, PDCP duplication of DRB is controlled by legacy Duplication Activation/Deactivation MAC CE and Duplication RLC Activation/Deactivation MAC CE delivered via direct path.
For Scenario-1/2, RRC sets the initial state of PDCP duplication for split SRB/DRB as in legacy.
For Scenario-1/2, when reporting direct-path failure via indirect-path, use MCGFailureInformation message. FFS on whether additional IE needs to be introduced.
For Scenario-1/2, if MCGFailureInformation is agreed for direct path failure recovery in P5, reuse T316 timer for the direct path failure recovery.
For Scenario-1/2, confirm the WA that: for a remote UE and relay UE in RRC_CONNECTED, the network is expected to release the multipath configuration related to this relay at the remote UE before it releases the relay UE to RRC_IDLE/INACTIVE. No spec impact is foreseen.
For Scenario-1/2, not pursue remote UE notifying network upon reception of notification message indicating relay UE handover. FFS whether rely on network to release configuration of relay UE at remote UE before relay UE handover, or rely on remote UE to suspend the indirect path upon reception of notification message indicating relay UE handover.
Agreement:
For Scenario-1/2, optionally configure UL data split threshold for split DRB. Usage of the threshold follows legacy behavior.
Agreement:
For Scenario-1/2, no specification effort to handle the case when the relay UE moves to RRC_IDLE following expiry of dataInactivityTimer, i.e., not pursue relay UE notifying remote UE, and remote UE notifying network.
Agreements:
For Scenario-1, use T304-like timer for direct path addition and change. FFS on expiry behavior.
For Scenario-1, use T420-like timer for indirect path addition and change. FFS on stop condition and expiry behavior.
FFS if these two timers are new or reuse the existing timers.


WA: For scenario 2, remote-UE reports the RRC_CONNECTED relay-UE C-RNTI and serving cell ID (e.g., NCGI) for indirect path addition.
LS to SA3 to check if there is any security concern with the WA.
WA: For Scenario-1/2, MP remote UE is configured with a single cell group, i.e., MCG, for the direct path, and SL configuration, for the indirect path.
WA: For scenario 1, primary path of the split SRB1 and SRB2 is always configured on direct path.  This does not preclude having the case where the UE switches the primary path to the indirect path for reporting after direct path failure.
Agreements:
For scenario 1, SRB1 and SRB2 are not decoupled in terms of support of non-split SRB on indirect path; i.e., if SRB1 can be supported on indirect path, so can SRB2.
Agreement:
For Scenario-1, mode-1 scheduling for remote UE is supported at least for intra-DU case, with the SR/BSR and grant sent on the direct path; whether it is supported for inter-DU case is up to R3, but R2 do not intend to make specification changes to support this case, and for specification purposes RAN2 intend to model it as a single MAC entity at the UE. LS to R3 to notify this conclusion, with “take into account” action.

[bookmark: _Hlk109838749]In this contribution, we further discuss the related issues in multi-path relaying case. 
2. [bookmark: Proposal_Beacon]Discussion
Mobility scenarios
It has been agreed that change of indirect path while keeping the direct path can be done with a release-and-add in a single RRC message. RAN2 further agreed in RAN2#122 meeting that T420 can also be reused in indirect path change of multi-path case. Referring to RRCReconfiguration message, the reconfiguration message including reconfigurationWithSync IE can be reused for indirect path change while keeping the direct path.  
Proposal 1: RRCReconfiguration message including reconfigurationWithSync IE can be reused for indirect path change while keeping the direct path.
For Scenario-1/2, RAN2 concluded not to pursue remote UE notifying network upon reception of notification message indicating relay UE handover. We still have a FFS whether rely on network to release configuration of relay UE at remote UE before relay UE handover, or rely on remote UE to suspend the indirect path upon reception of notification message indicating relay UE handover. Some companies think we can restrict gNB to perform e.g relay change since gNB is aware of relay UE handover. In fact, when remote UE detects sidelink failure or receives notification message from relay UE due to e.g. Uu RLF of relay UE, the remote UE will suspend the indirect path. Therefore, another way is that the UE can follow the same behavior as Uu RLF of relay UE in the case of the handover of relay UE. Our understanding is that we do not need to restrict the gNB behavior. 
Proposal 2: In the case of relay UE handover, remote UE will suspend the indirect path upon reception of notification message due to relay UE handover.
[bookmark: _Hlk110357862]Similar to the discussion of mobility with DC, there are several potential cases when considering the inter-gNB handover in the multi-path relaying case. It could be one path or multi-path in the source side, and it could also be one path or multi-path in the target side. And for the indirect path, it can be further distinguished as same or different relays in the source side and target side. Therefore, we list the three potential use cases to be discussed in multi-path relaying case.
· Use Case 1: Multi-path in source gNB-> Only one path in target gNB;
· Use Case 2: One path in source->Multi-path in target gNB;
· Use Case 3: Multi-path in source gNB-> Multi-path in target gNB (different relays in the source gNB and target gNB);
Proposal 3: The following Inter-gNB handover associated with Multi-path should be discussed.
· Use Case 1: Multi-path in source gNB-> Only one path in target gNB;
· Use Case 2: One path in source->Multi-path in target gNB;
· Use Case 3: Multi-path in source gNB-> Multi-path in target gNB (different relays in the source gNB and target gNB);
For scenario 2, the remote UE and relay UE is a pair, which could be pre-configured. That means the remote UE is allowed to select a relay UE based on the pre-configuration. One case is that the relay UE is in proximity of the remote UE. And they may move together. Therefore, Inter-gNB handover for remote UE with the same relay UE should be supported for scenario 2.
Proposal 4: Inter-gNB handover of a remote UE together with the same relay UE in Scenario 2 should be discussed.

Enhancement of throughput and reliability
It has been agreed in RAN2#122 that For Scenario-1/2, optionally configure UL data split threshold for split DRB. Usage of the threshold follows legacy behavior. Then the mechanism of data split can be used to allow the transmission to be switched among the direct path and indirect path in Rel-18 multi-path relaying case.
In legacy, the data volume is specified to trigger the path selection for a split bearer. The RSRP of the primary RLC entity and the split secondary RLC entity(ies) can be used in order to select the path to transmit PDCP PDU from the perspective of implementation. The primary RLC entity and the split secondary RLC entities are all direct paths and the UE obtains the channel quality by itself.
If the channel quality mechanism is reused, it seems natural to consider the channel quality on both the Uu link and the PC-5 link of the indirect path. A simple way to consider the channel quality on the indirect path could be the remote UE comparing the average of the channel quality of its PC-5 link and channel quality on Uu link of Relay UE with the channel quality on its direct Uu link. Then the UE selects the path with the better channel quality to transmit the data. There could be some concerns on this simple way, for example, the accuracy, the complexity, etc. Therefore, more aspects shall be discussed on selection of the path for transmitting UL data based on the UL data split threshold.
Proposal 5: The channel quality of Relay UE shall be considered when the remote UE selects a path to transmit UL data if the UL data volume is larger than the UL data split threshold.



Sidelink Resource scheduling in Inter-cell scenario
Following relevant agreements were made in RAN2#122
Agreement:
For Scenario-1, mode-1 scheduling for remote UE is supported at least for intra-DU case, with the SR/BSR and grant sent on the direct path; whether it is supported for inter-DU case is up to R3, but R2 do not intend to make specification changes to support this case, and for specification purposes RAN2 intend to model it as a single MAC entity at the UE. LS to R3 to notify this conclusion, with “take into account” action.

WA: For Scenario-1/2, MP remote UE is configured with a single cell group, i.e., MCG, for the direct path, and SL configuration, for the indirect path.
WA: For scenario 1, primary path of the split SRB1 and SRB2 is always configured on direct path.  This does not preclude having the case where the UE switches the primary path to the indirect path for reporting after direct path failure. 

Agreements:
For scenario 1, SRB1 and SRB2 are not decoupled in terms of support of non-split SRB on indirect path; i.e., if SRB1 can be supported on indirect path, so can SRB2.


In the following a comprehensive discussion is made for inter CELL cases of SL resource allocation for Scenario 1. With respect to multipath situation, the following Figure 1 depicts the required scenario:


[bookmark: _Ref114674141]Figure 1: Inter cell - Intra gNB multipaths for a SL remote UE


[bookmark: _Hlk116396638]The Figure 1 shows a scenario where the two “serving” cells of the Remote UE end up in the same gNB i.e., cell-1 and cell-2 Distributed Units (DU) are terminating in the same Centralized Unit (CU):
In legacy a sidelink transmitter is only provided sidelink resources from one serving cell. In multipath scenario however there are two serving cells available to schedule the UE which could come in handy in special circumstances like RLF on one link, or due to Consistent LBT failures or simply due to radio geometry.

Further, following sidelink data need to be transmitted by the remote UE:
· data that is destined to be sent to gNB and is configured to be carried in an indirect bearer i.e., a bearer configured only on the indirect path (data type-a)
· data that is destined to be sent to gNB and is configured to be carried in a split bearer i.e., data from this application will be carried in direct Uu link as well as in the indirect link/ path (data type-b)
· sidelink data that is destined for the U2N sidelink relay i.e., relay does not forward this data on the Uu interface to its serving cell (data type-c)
· sidelink data that is destined for another sidelink UE i.e., relay acts also as a UE to UE relay and forward this data on the sidelink interface to a destination sidelink remote UE (data type-d)


[bookmark: _Ref116982881][bookmark: _Ref118284000]Figure 2

As shown in Figure 2, Bearer-1 is using only Uu resources of Cell-1. Bearer-2 is split bearer and remote UE may use both Uu and SL resources. For Bearer-3 the remote UE shall only use sidelink resources. Bearer-4 terminates in another SL device (U2N Relay or another SL UE). It is possible that different SL data are scheduled differently e.g., using Mode 1 or Mode 2 resources from Cell 1 or Cell 2. As one simple possibility, a UE would use sidelink resources (i.e., perform resource selection for transmission) provided in broadcast signalling (e.g., SIB12) by the cell with which UE had first link established. If a sl-ConfigDedicatedNR is received the UE uses the dedicated SL configuration for Mode 2. If Mode 1 scheduling is used, when the first link is the direct link, UE uses Mode 1 SL resources. 

When the second path is added, following options are possible for SL scheduling:
a) The first cell continues to schedule all SL resources for any SL data transmission of the remote UE.
b) UE may use Mode 2 transmission resources from the indirect link in addition to Mode1/ Mode2 transmission resources from the direct link. Being able to use resources from both cells can be helpful in mobility situations.
c) UE uses SL resources provided by the Primary path for all SL data type. If the primary path changes, the UE’s SL resources are scheduled by the new primary path.
As a first discussion, it can be beneficial to discuss if the remote UE can use mode 2 SL transmission resources from both the cells and if use of Mode 1 from direct link and Mode 2 from indirect must be restricted, we see no reason for this, and this does not mean a violation of simultaneous Mode 1 Mode 2 principle.
Proposal 6: Remote UE can use mode 2 SL transmission resources from both the serving cells in a multi-path scenario.
Proposal 7: Remote UE can use mode 1 SL transmission resources from direct path and mode 2 SL transmission resources from the serving cell on the indirect path, in a multi-path scenario.
The buffer status for Bearer-2 can be reported in either or both Uu BSR and SL BSR to the cell on direct Path. It is possible to follow Uu data threshold rule, even if there’s no dual connectivity situation here, to decide where the buffer status for Bearer-2 should be reported. But since both the reports go to the same cell i.e., to the cell on the direct path, it is better to keep things simple and report it on one BSR only, which one can be left to UE implementation.
The buffer status for Bearer-3 and Bearer-4 shall only be reported in either SL BSR to the cell on direct Path. If the UE reports buffer status for Bearer-3 in Uu BSR since it belongs to UL traffic, the cell on direct path can assume this is for Uu interface and may schedule Uu wrongly.
Proposal 8: Split bearer data can be reported in only one of the Uu or SL BSR to the cell on the direct path. Whether to use SL BSR or Uu BSR can be left to UE implementation.
Proposal 9: The buffer status for Indirect bearer and for SL only data may only be reported to cell on direct path using SL BSR reporting.
3. Conclusion
In this contribution, the mobility scenarios and enhancement of throughput and reliability for multi-path relaying are discussed. We have the following proposals:
Proposal 1: RRCReconfiguration message including reconfigurationWithSync IE can be reused for indirect path change while keeping the direct path.
Proposal 2: In the case of relay UE handover, remote UE will suspend the indirect path upon reception of notification message due to relay UE handover.
Proposal 3: The following Inter-gNB handover associated with Multi-path should be discussed.
-	Use Case 1: Multi-path in source gNB-> Only one path in target gNB;
-	Use Case 2: One path in source->Multi-path in target gNB;
-	Use Case 3: Multi-path in source gNB-> Multi-path in target gNB (different relays in the source gNB and target gNB);
Proposal 4: Inter-gNB handover of a remote UE together with the same relay UE in Scenario 2 should be discussed.
Proposal 5: The channel quality of Relay UE shall be considered when the remote UE selects a path to transmit UL data if the UL data volume is larger than the UL data split threshold.
Proposal 6: Remote UE can use mode 2 SL transmission resources from both the serving cells in a multi-path scenario.
Proposal 7: Remote UE can use mode 1 SL transmission resources from direct path and mode 2 SL transmission resources from the serving cell on the indirect path, in a multi-path scenario.
Proposal 8: Split bearer data can be reported in only one of the Uu or SL BSR to the cell on the direct path. Whether to use SL BSR or Uu BSR can be left to UE implementation.
Proposal 9: The buffer status for Indirect bearer and for SL only data may only be reported to cell on direct path using SL BSR reporting.
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