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Introduction
Multicast and broadcast communications have been considered to pave the way for resource efficient transmission to multiple end users which require to receive same contents.  Considering the wide area coverage offered by the satellite constellations, the Space ecosystem foresees the 5G MBS very useful to be adopted within the satellite constellations. This will deliver multiple kind of broadcast and multicast services using the existing baseline from the 5G MBS framework in TN. The main assumption there is that these MBS services are intended for GSO and NGSO.
A first gap analysis study has been made to check what are the remaining gap to be covered on top of the existing 5G TN MBS to have a functional MBS over NTN. It appears some enhancements need to be done on the SIB to notify the service area of a Multicast or Broadcast service, especially for cases where a cell coverage is overlapping two countries while the service area is expected to reach one of those 2 countries.   
Apart that, during the study made, several enhancements have been thought for resource optimization to avoid congestion and for power saving, considering the specific environment of satellites (predictable constellation). This document discusses the potential enhancements that needs to be covered to deploy in a best possible practical manner MBS for 5G NTN in GSO and NGSO.

Discussion
First, let’s review how the 5G NR MBS framework is designed for 5G TN. 
NR MBS supports two delivery modes, namely, multicast mode (delivery mode 1) and broadcast mode (delivery mode 2). Each mode has its own characteristics and target services, this document assumes support for both broadcast communications (for services where data is transmitted to all users in a broadcast service area), and multicast communications (for services where data is transmitted to a dedicated set of users i.e., not all users within coverage of the multicast service are authorized to receive the data). Target services of multicast mode have particular QoS requirements which the network should guarantee as in case of unicast. The UE can then be configured with a MRB (Multicast Radio Bearer) supporting PTP (Point To Point) only mode (similar to unicast mode), PTM (Point To Multipoint) only mode or both PTP-PTM mode as illustrated in the figure below.
The PTM RLC is a group-common RLC where all UEs configured with this RLC instance can receive the same packets by using shared Group Radio Network Temporary Identifier (G-RNTI) or Group Configured Scheduling Radio Network Temporary Identifier (G-CS-RNTI). Due to complexity of synchronization of PTM RLC entities at multiple UEs and gNB, PTM RLC does not support Acknowledged Mode (AM) but support Un-acknowledged Mode (UM). 
PTP RLC is a UE-dedicated RLC where the packet is transmitted only to a particular UE using Cell Radio Network Temporary Identifier (CRNTI) or CS-RNTI. Instead, PTP RLC enables 100% reliable transmission by supporting ARQ (i.e. RLC AM). gNB would select an RLC entity (or both RLC entities) appropriately to transmit packets by considering required reliability, UE’s link quality, cell congestion status, and so on.
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Figure 1 Protocol stack overview with different MRB configuration depending on the service QoS requirements


HARQ-ACK Feedback Management for NTN MBS
In 5G NR, HARQ-ACK feedback and HARQ retransmissions are supported to achieve high reliability for multicast mode. We have a kind of trade-off between reliability of the packet being transmitted and PUCCH resources used to raise HARQ-Feedback to the gNB to allow an appropriate retransmission based on UE’s reception status.
For such reasons, configuration flexibility of HARQ-ACK feedback options is allowed as follows:
·  ACK/NACK based HARQ-ACK feedback: UE feedbacks ACK or NACK over a UE dedicated PUCCH resources. This mechanism be efficient when the number of UEs receiving the multicast data is small. 
· NACK only based HARQ-ACK feedback: UE feedbacks only NACK over common PUCCH resources shared with other UEs in same group. This mechanism is resource efficient but gNB cannot detect the case that UE fails decoding of PDCCH information. 
· No HARQ-ACK feedback: UE does not send any feedback for received data. When the QoS requirement for the multicast data for UE is low, gNB can use this option to save the PUCCH resource. It is also useful to support a “receive-only” mode of operation for the UEs.
Due to the specific predicable characteristics of satellite environments, we propose these enhancements to avoid any ping pong effect while optimizing resource allocation.
Study item: gNB can dynamically switch between ACK/NACK based HARQ-ACK feedback and No HARQ-ACK feedback by RRC signalling or Downlink Control Information (DCI). Based on predictable link quality (for e.g., UE at cell edge during handover preparation for instance, or under a foliage), congestion and other inputs, the NTN gNB shall be able to reconfigure HARQ-ACK feedback considering the RTT delay (a mechanism to aggregate multiple conditions to enable dynamically switch of HARQ-ACK feedback type without ping pong).

Packet level service continuity (lossless mobility): management of PTP-PTM switch for NTN MBS
As of today, our understanding is that one MRB can be configured with PTM only or PTP only or both PTM and PTP. The bearer type can be changed from one to other via RRC signaling, e.g. reconfigure the bearer type from PTM only or PTP only to split. 
The UE monitors continuously
· G-RNTI for the common PTM Transmission within the cell (targeting the group of UEs) 
· C-RNTI for the PTM Transmission/PTP Transmission within the cell (targeting the individual UE)

The lossless handover for multicast service is supported for the handover between MBS supporting cells if the UE is configured with PTP RLC AM entity in target cell MRB of a UE, regardless of whether the UE is configured with PTP RLC AM entity in the source cell or not.
In order to support lossless handover for multicast service, the network has to ensure DL PDCP COUNT value synchronization and continuity between the source cell and the target cell. Furthermore, data forwarding from the source gNB to the target gNB and/or PDCP status report provided by a UE for an MRB for multicast session can be used during lossless handover.

A typical scenario configuration to support lossless mobility is illustrated in the figure below where the UE is handoff from the right satellite (source satellite) to the left satellite (target satellite). In this case, the target satellite will setup a PTP RLC AM bearer to ensure reliable retransmission of lost PDCP SN.


[image: ]Figure 2 UE mobility from the right satellite to the left satellite with sequence number synchronization


Once the handover is successful, the target satellite shall be able to take the appropriate decision to switch the UE on a PTM bearer in order to save radio resources and to enable power saving, thus UE doesn’t have to monitors continuously dedicated signalling.
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Figure 3 After successful handover, UE switches the MRB bearer from PTP to PTM under the command of the satellite.
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Figure 4 MRB split bearer, PTP-PTM switch mechanism.

As an enhancement, considering the predicable characteristics of satellite environments we propose the following study item: 
· how to decide to activate MRB PTM leg for the target cell after successful handover, for UE power saving, for radio resource optimization 
· Whether to switch definitively to MRB PTM only for the target cell after successful handover, for UE power saving, for radio resource optimization
· Trigger of the switch (procedures definition considering RTT delay, inputs: UE position, time of service for the cell, RSRP measurement)
Management RRC Inactive/RRC Idle in MBS NTN
Our understanding from Release-18, is as below:
· In legacy, UE will suspend the PDCP entities of all DRB(s) and multicast MRB(s) if RRCRelease (with suspendconfig) message is received. As mentioned, it is discussed whether to not suspend ([1] and [2]) the PDCP entities for the multicast MRB(s) in Rel-18 for state transition from RRC_CONNECTED to RRC_INACTIVE, and majorities agreed to support the continuity of multicast MRBs which are support for the reception in RRC INACTIVE. 
· This intention to extend the support of multicast to UEs in RRC INACTIVE will be an important enhancement to better support extreme congestion, where the number of UEs is too large to keep all of these in RRC CONNECTED, even if they use NACK-only feedback (or no feedback). With this functionality, the scalability of multicast will be greatly enhanced and could, for MCPTT, in practice exceed that of broadcast.
· Different scenarios are being considered in Rel-18:
· Scenario 1: The multicast session is ongoing, and UE has received multicast in RRC CONNECTED state, then network indicates UE to receive multicast in RRC INACTIVE state to avoid congestion.
· Scenario 2: The multicast session is not ongoing (temporally not data or session deactivation), and network indicates UE to switch to RRC INACTIVE state for power saving. 
· Scenario 3: The multicast session is not start yet, and network indicates the initial config and release UE to RRC INACTIVE state.
· RAN 2 Agreements in Rel-18: UE may trigger RRC connection resumption if the reception quality of the multicast data is below a configured threshold, FFS how to specify the threshold/reception quality. 
Proposal from Rel-18 [2]: When the RSRP of DL path-loss reference is below a configured threshold, R18 UE is allowed to trigger RRC connection resumption for multicast reception.

As an enhancement, to cope with the ping pong scenario while considering predictable satellite environments, we propose the following study item:
· to allow anticipated channel degradation due to predictable satellite motion and predictable channel conditions of the area coverage (for e.g. foliage), for Multicast UEs in RRC Inactive State, one of these criteria shall be considered combined with the RSRP DL path-loss reference threshold to trigger RRC Connection Resumption:
· Time-based trigger
· Location Based trigger

Conclusion
Based on the presented MBS enhancements foreseen in RAN to allow optimal usage of resources:
Proposal: RAN to consider necessary enhancement for the support of MBS in NR-NTN in its Rel-19 workplan

References
[bookmark: OLE_LINK183][1] 3GPP TSG-RAN WG2 Meeting #123, R2-2307136, L2 operation during state transitions and mobility for R18 multicast
[2] 3GPP TSG-RAN WG2 Meeting #123, R2-2307109, Discussion on eMBS from the CP Perspective
Page | 3

image1.emf
PDCP (Split MRB)

PTM RLC PTP RLC

MAC

G-RNTI

G-CS-RNTI

C-RNTI

SDAP (MBS)

PDCP 

(MRB PTM Only)

PTM RLC

QoS Flow QoS Flow

QoS Flow QoS Flow QoS Flow

PDCP 

(MRB PTP Only)

PTP RLC

G-RNTI

C-RNTI

SDAP QoS Flow Mapping to MRB

PDCP Reordering, Duplicate 

detection

RLC Segmentation (UM & AM)

ARQ (AM for PTP RLC)

MAC (De-)Multiplexing

SPS, HARQ, BWP


image2.emf
UE RM-Registered to PLMN-ID x 

Gateway

PLMN ID X

UE RM-Registered to the 5G-CN 

for Multicast services

5G PTP

-

Only MRB

Sequence Number 

Synchronization

SN 32

SN 33

SN 34

SN 35

SN 32

SN 33

SN 34

SN 35

SN 34

SN 33

C-RNTI B

C-RNTI A

G-RNTI

Source Satellite

Target Satellite


Microsoft_Visio_Drawing.vsdx
UE RM-Registered to PLMN-ID x
Gateway
Feeder Link
MRB Split
5G PTP Leg
PLMN ID X
UE RM-Registered to the 5G-CN for Multicast services
5G PTM Leg
5G PTP-Only MRB
Sequence Number Synchronization
SN 32
SN 33
SN 34
SN 35
SN 32
SN 33
SN 34
SN 35
SN 34
SN 33
C-RNTI B
C-RNTI A
G-RNTI
Source Satellite
Target Satellite



image3.emf
PDCP

RLC RLC

MAC

G-RNTI

PTM

C-RNTI

PTP

PTM/PTP Switch


image4.png
Target Satellite

/e Sequence Number Source Satellite
Vh - e — 72
"f\ Synchronization

™

5G PTM-Only MRB

UE RM-Registered to PLMN-ID x

Gateway

UE RM-Registered to the 5G-CN
for Multicast services




