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1 Introduction
Several user plane related aspects for multipath are still open which affect the MAC and PDCP specifications.  In this contribution, we discuss SR/BSR, routing for split DRB in the PDCP layer, and PDCP duplication for split DRB.  
2 Discussion
2.1 SR/BSR Design for Multipath

Scenario 1 Multi-path and Mode 1 UE
At RAN2#122, the following agreement was made related to mode 1 scheduling for a remote UE in multipath.

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.

In legacy, a SL UE is modelled with separate Uu and MAC entities associated with transmission of SL and Uu traffic.  Since this traffic is unrelated, separate (but similar) procedures of SR/BSR are used for scheduling when the SL UE operates in mode 1.  

However, based on the above agreement, at least for the case of mode 1, the remote UE is modelled using a single MAC entity.  This may allow a single BSR (e.g., Uu BSR) to be used for reporting multipath data.

Observation 1:
RAN2 has indicated its preference to model the multipath UE in mode 1 (at least for scenario 1) using a single MAC entity. 

One clear drawback of a single BSR is the specification impact that would result.  Specifically, for a single indirect path (Rel17), the remote UE uses SL LCHs to transmit data associated with indirect Uu bearers to the relay UE.  Maintaining this modelling, despite the use of a single MAC entity, minimizes the specification effort at the MAC layer since there is no change required with the SL and Uu LCG structure.  

Observation 2:
Despite the use of a single MAC entity, specification impact on legacy SR/BSR reporting should be minimized. 

With these observations in mind, there are two approaches for BSR reporting in scenario 1:

· Approach 1: Single BSR (e.g., Uu BSR) to report all data associated with Uu LCHs and SL LCHs

· Approach 2: Uu BSR is used for Uu LCHs, SL BSR is used for SL LCHs

We think that at least for non-split bearers, approach 2 results in the greater re-use of legacy MAC specification.

Proposal 1:
A Mode 1 remote UE in multi-path scenario 1 reports buffer status for direct Uu bearers using Uu BSR and reports buffer status for indirect bearers using SL BSR. 

In legacy DC, PDCP provides data volume for split bearers to both MAC entities when the split bearer threshold is exceeded, and duplication is disabled.  This allows both schedulers to provide resources to the UE.  For multipath, however, a single cell group is assumed and reporting BSR on both the SL LCHs and Uu LCHs associated with a split bearer is unnecessary and would result in additional signalling overhead.  In this case, it would be preferrable to report buffer status for the split bearers using only one of the Uu and SL BSRs.  Since the network configures the duplication per bearer, the same approach can be used regardless of whether the split bearer is configured with duplication or not. 

Proposal 2:
A Mode 1 remote UE in multi-path scenario 1 reports buffer status for split bearers using only one of Uu or SL BSR.  FFS which BSR is used. 

Scenario 2 Multi-path and Scenario 1 Mode 2 UE
In scenario 2 multipath, the indirect path is via a N3C.  In this case, the network is not involved in the scheduling and there may be no need to report SL BSR for the indirect bearers.  For the split bearers, the MAC layer can include, in Uu BSR, the buffer status associated with the direct Uu bearers and split bearers based on the data volume calculation provided by upper layers (PDCP/RLC).  However, for both cases, there may be some advantage of providing the buffer status associated with the indirect path in the context of helping the network schedule the relay UE earlier than if the relay UE triggered its own BSR.  RAN2 should discuss whether such approach is beneficial (e.g., in the context of latency reduction). 

Proposal 3:
A Mode 1 remote UE in multi-path scenario 2 reports buffer status for direct bearers and buffer status of split bearers using Uu BSR.  FFS whether to report buffer status associated with indirect path also.  

Proposal 4:
A Mode 2 remote UE in multi-path scenario 1 reports buffer status of the direct bearers and buffer status of split bearers using Uu BSR. FFS whether to report buffer status associated with indirect path also.  

2.2 Routing for Split DRB

In multipath, DRB supports both non-split bearer and split bearer.  At RAN2#122, it was agreed to re-use the DC routing mechanism for a split DRB [1].  
Agreement:

For Scenario-1/2, optionally configure UL data split threshold for split DRB. Usage of the threshold follows legacy behavior.

Effectively, this means that when the split bearer threshold is not exceeded, the UE sends data via the primary path and when the split bearer threshold is exceeded, the UE can send the data via either path.

In DC, scheduling from the network (i.e., the MCG and SCG) can control the relative amount of data which is sent to either path when the threshold is exceeded.  A UE can route data at PDCP to the RLC entity corresponding to the link where resources are expected to be available.  A similar assumption can be made for the remote UE in mode 1 which receives both Uu (used for the direct path) and SL (used for the indirect path) scheduling from the same cell. 

Observation 3:
For a mode 1 remote UE in multipath, the network can control the amount of data routed via the direct/indirect path when the split bearer is exceeded. 

The case of a mode 2 remote UE is significantly different than DC.  In mode 2, the UE generates its own SL grants.  Transmission can be controlled only by CBR/CR limitations. One issue which may arise from this may be a remote UE sending an excessive amount of traffic to the relay UE (e.g., if the SL conditions are favourable).  This may cause routing congestion at the relay UE, which would not only degrade the performance of the remote UE, but also other remote UEs in single/multipath with that relay. 
Observation 4:
For a mode 2 remote UE in multipath, some SL scheduling restrictions should be placed on the remote UE to avoid excessive routing congestion at the relay UE.  

To solve the issue, flow control could be used to limit the remote UE transmissions to a relay UE.  Possible flow control indications/information were discussed in Rel17 and could consist of buffer status, number of (active) remote UEs connected to the relay, etc.  The relay UE could transmit such flow control indications in an existing PC5-RRC message (e.g., NotificationMessageSidelink) based on some configured conditions.  Upon reception, the remote UE may either use the information to limit the mode 2 resources selected by the remote UE or define the routing rules for split bearers whose data threshold is exceeded.
Proposal 5:
Introduce flow control indications from a relay UE towards a remote UE in multipath.  
Proposal 6:
A multipath remote UE in mode 2 uses flow control indications from the relay UE to control the amount of data sent over the indirect path from a split bearers when the split bearer threshold is exceeded.  Details are FFS.

2.3 PDCP Duplication for Split DRB

PDCP duplication for multipath follows the same procedures as DC/CA duplication.  Specifically, the following agreements were made in RAN2#122 [1].
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.

An important user-plane consideration in DC/CA is duplication diversity.  To ensure diversity, CA-based duplication ensures that data associated with duplicated RLC entities are not transmitted on the same carrier.  When considering the remote UE’s duplicated traffic, it should be safe to assume that the SL transmission and the Uu transmission do not need to be subject to any carrier restriction because they occur on different frequencies and/or arrive at different destinations (the gNB vs the relay UE). 
Proposal 7:
Carrier restriction between SL carrier and Uu carrier at the remote UE in multipath is not required. 

On the other hand, the remote UE’s direct Uu transmissions and the relay UE’s Uu transmissions may be performed to the same node (at least in the same cell case) and may use the same carrier for transmissions.  Whether a similar carrier restriction is needed or not may depend on the relative location of the relay and remote UE.  In general, it may not be possible to assume that there is sufficient separation between these two UEs to ensure diversity on remote UE-duplicate transmissions occurring on the same carrier.
Proposal 8:
RAN2 discuss whether there is sufficient diversity between the remote UE Uu transmissions and the relayed duplicated transmission by the relay UE on Uu. 

If RAN2 decide that sufficient diversity cannot be guaranteed between the relay and remote UE transmissions on the same carrier, it would be preferrable to follow the legacy CA-based carrier restriction mechanism at the remote UE to guarantee that the transmissions of duplicated data by the remote and relay UE are not performed on the same carrier.  
Proposal 9:
If sufficient diversity between the relay and remote UE’s UE’s transmissions cannot be assumed, RAN2 introduces an UL carrier restriction at the relay UE when the relay UE transmits duplicated data from the remote UE. 

3 Conclusion
In this contribution, the following observations were made on the UP design of multi-path:

Observation 1:
RAN2 has indicated its preference to model the multipath UE in mode 1 (at least for scenario 1) using a single MAC entity. 

Observation 2:
Despite the use of a single MAC entity, specification impact on legacy SR/BSR reporting should be minimized. 

Observation 3:
For a mode 1 remote UE in multipath, the network can control the amount of data routed via the direct/indirect path when the split bearer is exceeded. 

Observation 4:
For a mode 2 remote UE in multipath, some SL scheduling restrictions should be placed on the remote UE to avoid excessive routing congestion at the relay UE.  

Based on these observations, the following conclusions were made:
Proposal 1:
A Mode 1 remote UE in multi-path scenario 1 reports buffer status for direct Uu bearers using Uu BSR and reports buffer status for indirect bearers using SL BSR. 

Proposal 2:
A Mode 1 remote UE in multi-path scenario 1 reports buffer status for split bearers using only one of Uu or SL BSR.  FFS which BSR is used. 

Proposal 3:
A Mode 1 remote UE in multi-path scenario 2 reports buffer status for direct bearers and buffer status of split bearers using Uu BSR.  FFS whether to report buffer status associated with indirect path also.  

Proposal 4:
A Mode 2 remote UE in multi-path scenario 1 reports buffer status of the direct bearers and buffer status of split bearers using Uu BSR. FFS whether to report buffer status associated with indirect path also.  

Proposal 5:
Introduce flow control indications from a relay UE towards a remote UE in multipath.

Proposal 6:
A multipath remote UE in mode 2 uses flow control indications from the relay UE to control the amount of data sent over the indirect path from a split bearers when the split bearer threshold is exceeded.  Details are FFS.

Proposal 7:
Carrier restriction between SL carrier and Uu carrier at the remote UE in multipath is not required. 

Proposal 8:
RAN2 discuss whether there is sufficient diversity between the remote UE Uu transmissions and the relayed duplicated transmission by the relay UE on Uu. 

Proposal 9:
If sufficient diversity between the relay and remote UE’s UE’s transmissions cannot be assumed, RAN2 introduces an UL carrier restriction at the relay UE when the relay UE transmits duplicated data from the remote UE. 
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