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1
Introduction

Rel-17 support of NR broadcast and multicast rules out per Work Item description specified means for wide area SFN operation, also the application of a synchronisation protocol is not foreseen.

There are two pre-conditions by which minimisation of data loss will be nevertheless possible

P1)
The UE needs to be able to detect loss or duplication of user data on Uu. 
In unicast operation, this is performed by enabling the UE to detect loss or duplication on PDCP layer. Loss in unicast alone typically happens when the radio conditions within a cell are deteriorating, lower layer retransmissions may be applied, but this is not of RAN3 concern. Loss together with duplication (including the necessity to re-order PDCP PDUs) typically happens at mobility.
Whether and how re-transmission on PDCP level may be applied is ongoing discussion but assumed to be possible for multicast. For broadcast, more robust channel coding schemes may be applied, but overall, the QoS will be best-effort compared to multicast.

P2)
In order to support minimization of data loss during mobility, identical user data shall be transmitted in neighbouring cells with as small transmission time difference as possible.
Following this requirement will minimise the data loss or degradation of service experienced by the UE in the first place. This will be of utmost importance if the nature of the service does not allow any UE-specific feedback handling (broadcast service or multicast service with many participants).
This document discusses a (non-exhaustive) list means to achieve minimisation of data loss under the conditions defined by the Rel-17 Work Item.

If a method is only applicable for broadcast or only applicable for multicast, the paragraph starts with “For multicast...” or “For broadcast ...”.
2
Discussion

2.1
Application of unicast methods for minimisation of data loss

For multicast, unicast means for minimization of data loss (duplication and possibility to re-order packets) like data forwarding and PDCP status report is in principle possible (and available), however, those unicast means may not scale for a multicast service with a large number of participants, therefore, other means would need to be looked at.

UE individual data forwarding in between NG-RAN nodes supporting NR MBS may not work in general, if precondition 2) is not fulfilled, as the UE supporting precondition 1) would not be able to receive the service as a consecutive stream of PDCP PDUs with multicast means.

2.2
Methods for minimisation of data loss

In the following, an attempt was made to list the presented methods in logical order.
M1)
Main approach for minimizing data loss for NR MBS multicast and broadcast is to deploy a central UP entity distributing multicast/broadcast data into an area as large as the service area, if possible. Duplicating packets from a central UP entity, which possible is as close to the (MB-)UPF as possible, i.e. as far back in the 5GC as possible would be advantageous to achieve precondition 2).

M2)
A further aspect is to deploy the central UP entity in a way that backbone delays between the UP-forking-point and the DU is as equal as possible. Minimizing backbone delay differences will ensure that UEs moving in between cells (controlled by different DUs) to experience a low service interruption even w/o any additional measures like re-transmission etc.

M3)
Due to the lack of a SYNC protocol in Rel-17, i.e. lack of protocol functions that would tell the scheduler when exactly to transmit each NR MBS user data, it is important to ensure that the QoS Flow QoS parameters concerning delay are set to ensure that, so a tight packet delay budget is advantageous to achieve that. The differences in scheduling user data in between two neighbouring cells will define the service interruption a UE will experience without any additional means on access stratum like re-transmission etc. Note, that for real-time services retransmitting lost packets would deteriorate service perception during mobility if the difference in transmission timing between two neighbouring cells is too large. Note also, that we do not rule out non-GBR realisation of multicast/broadcast services, but GBR flows are most likely realised with pre-defined scheduling timing and tight delay requirements, which makes minimization of data loss easier to achieve.

M4.1) In order to utilise precondition 1) with Access Stratum means, sequence numbering of PDCP PDUs as received on the source cell needs to continue in the target cell. If the cells within the service area of a multicast or broadcast service transmit not only identical (application layer) user data, but also PDCP Sequence Number assignment is performed by a central PDCP entity, the UE would be at least able to detect loss or duplication. 

NOTE:
This is assuming the same Uu UP protocol stack for NR broadcast and NR multicast.

M4.2) While within a gNB the deployment of a gNB-CU-UP able to serve all gNB-DUs represents the typical case, Rel-15 also supports inter-NG-RAN node mobility without the need to change the NG-U termination point. We believe that for multicast and broadcast, such approach would be even more beneficial. We therefore request specification work to be performed for support of gNB-CU-UPs owned by multiple gNBs to enable PDCP SN consistency among cells served by different gNBs. Specification work for such option would need specification of stage 2 aspects (E1 cardinality). Whether stage 3 work is necessary to ensure gNBs using the same (physical) CU-UP needs to be seen.
M4.3) For multicast, If it is possible to deliver identical copies of PDCP PDUs to cells owned by different gNBs, data forwarding would become superfluous, as the forwarded data would in principle be already at the target gNB. The only requirement would be to deploy a “restoration/retransmission buffer” at the central PDCP entity to enable UEs requesting retransmission of lost packets. Details on how legacy features as PDCP status report and retransmission would work for a shared radio bearer would need to be developed by RAN2 first. Roughly speaking, it is expected that from a RAN3 point of view, retransmission would require UE dedicated aspects to be configured at the gNB-CU-UP (E1 impact), which will also require work on F1 signalling details. (see some more discussion on E1 and F1 in R3-206388 [1])
M5)
Applicability of other unicast features specified in Rel-15/16 like CHO and DAPS needs to be first discussed in RAN2, if there is sufficient time for it during Rel-17. Discussions will tell which of the features will apply for broadcast or multicast or both.
3
Conclusion and Proposals
We have presented in this paper an overview of requirements and methods to support minimized loss of data for multicast and broadcast services.
Observation 1:
Rel-17 will not specify large area SFN operation, which also includes that a SYNC protocol as known from 4G is not part of Rel-17. Therefore, the means to minimize loss of data requires careful backbone deployment, deployment of a central UP entity and a tight packet delay budget to ensure a certain level of synchronized transmission in neighbouring cells.

Observation 2: Deployment of a central gNB-CU-UP owned by multiple gNBs and therefore able to ensure PDCP SN continuity for mobility between cells served by different gNBs is beneficial and it is assumed that this requires specification work, at least on stage 2.

Observation 3:
For multicast, a gNB-CU-UP owned by multiple gNBs and a restoration buffer would allow retransmission of PDCP PDUs to UEs w/o UE-individual data-forwarding in between the gNBs. E1 and F1 aspects are to be looked at.
Proposal 1:
RAN3 performs specification work to enable gNB-CU-UPs owned by multiple gNBs to enable a central PDCP entity and SN continuity across gNB borders.
Proposal 2:
For multicast, RAN3 performs work on E1/F1 identifying aspects for UE-individual retransmission.
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