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 Introduction

In this paper, we will analyze some CP issues, including:

section 2, the service continuity for multicast reception.
section 3, the initialization of RX_DELIV for multicast reception in RRC_INACTIVE. 
section 4, the CFR configuration for multicast MCCH and MTCH.
 Service continuity
 PTM configuration delivery for intra-gNB cells
There are some agreements for notifications of session status change in the 119bis-e meeting as follows:

	=>Serving cell will not provide the PTM configuration of neighbour cells from other gNBs.

=>FFS whether the network can provide PTM configuration for intra-gNB cells. 


There is an FFS question, that is, for service continuity when UE moves between intra-gNB cells, whether NW provides the PTM configuration for other intra-gNB cells. 

The benefits that NW provides the PTM configuration for other intra-gNB cells are as follows：

1. RRC_INACTIVE UE can know in advance whether the reselected cell is transmitting the multicast service it receives.

2. The UE can modify the configuration while reselecting the cell to reduce data loss caused by inter-cell movement.

But these benefits are marginal, because for UEs receiving multicast in RRC_INACTIVE, seamless/lossless mobility is not required. And at the same time, UE can always obtain PTM configuration from MCCH after cell reselection. 

Also, the unnecessary comes with overhead:

Power wasting: The modification of PTM configuration for intra-gNB cells will lead to more frequent modification of MCCH message, which will cause power wasting for UEs.

More payload on MCCH: if PTM configuration for intra-gNB cells are carried in MCCH, it will cause more payload on MCCH.

F1AP impacts: if PTM configuration for intra-gNB cells are carried in MCCH, DU need to provide PTM configuration to CU for centralized PTM config distribution, it will affect the design of F1AP.

UE can always obtain PTM configuration via MCCH after cell reselection.
Providing PTM config of other cells in multicast MCCH of current cell will introduce unnecessary overhead and RAN3 spec impacts.
Multicast MCCH of current serving cell does not provide the PTM configuration for intra-gNB neighbour cells.

 PTM configuration delivery for RRC_CONNECTED UEs
=>Optionally, Multicast MCCH configuration for the serving cell can also be provided in dedicated signalling. Understanding is we are not optimizing mobility case because of this.

If multicast MCCH configuration can be provided in dedicated signaling, whether RRC_CONNECTED UEs receive the update of multicast PTM configuration via MCCH can be considered? 

The benefits that RRC_CONNECTED UEs receive the update of multicast PTM configuration are as follows:

Reduce signaling overhead: In Rel-17, UE receives the update of multicast PTM configuration via RRCReconfiguration, if UE can receive it via MCCH, these signaling interaction can be reduced.

Easy configuration management: If RRC_CONNECTED UEs can also receive PTM configuration via MCCH, there is no need to align the PTM configuration in RRCReconfiguration message and MCCH message for the same session.
Enhancing service continuity: The UE does not need to update the PTM configuration when it transitions from RRC_INACTIVE to RRC_CONNECTED.
UEs in RRC_CONNECTED can also obtain the update of PTM configuration via MCCH.
 The initialization of RX_DELIV for multicast reception in RRC_INACTIVE

In Rel-17, to align the PDCP COUNT value between network and UE, network will configure the initial value of RX_DELIV in RRCReconfiguration message for multicast reception. In Rel-18, the PTM configuration for multicast reception in RRC_INACTIVE will be delivered via MCCH. Whether an initial value of RX_DELIV should be carried in MCCH needs to be discussed.

Due to PDCP status report is not needed for multicast reception in RRC_INACTIVE, it is unnecessary to align the PDCP COUNT value between network and UE. Thus there is no need to deliver the initial value of RX_DELIV in MCCH.

PDCP status report is not needed for multicast reception in RRC_INACTIVE as agreed in RAN2, therefore it is unnecessary to align the PDCP COUNT value between network and UE.

Meanwhile, is it possible to carry the initial value of RX_DELIV in MCCH? 

RRC_INACTIVE UEs receiving multicast will obtain the new PTM configuration via MCCH after cell reselection. If the initial value of RX_DELIV is carried in MCCH, to ensure these RRC_INACTIVE moving from other cells can receive the current packets being transmitted, the initial value of RX_DELIV should always be set to the current packet being transmitted. 

To ensure UEs in RRC_INACTIVE moving from other cells to current cell can still receive the packets correctly, the initial value of RX_DELIV delivered in MCCH should always be set to the count value of current packet being transmitted, if we are to follow Rel-17 mechanism. 

This means that MCCH needs to be modified constantly, e.g., in almost every MCCH modification period. Even like this, there will be inevitably mis-match between CP and UP, which results in packet loss. 

Meanwhile, from RAN3 perspective, CU needs to continuously send the COUNT value of the data packet being transmitted, got from CU-UP, to the DU. This is difficult to implement, and even if implemented, would introduce a very large signaling overhead. Frequent reception of MCCH modifications by the UE will also cause power waste. 

It is difficult to guarantee that the initial value sent in MCCH is always set to the right COUNT value of the data packet currently being transmitted.
It can be seen that, it is unnecessary and difficult to guarantee the PDCP COUNT value in network and UE aligned for multicast reception in RRC_INACTIVE.

Do not deliver the initial value of RX_DELIV in multicast MCCH for multicast reception in RRC_INACTIVE.
If there is no initial value of RX_DELIV in MCCH, how to initialize the RX_DELIV when UE receives the PTM configuration from MCCH?

For UEs receiving multicast in RRC_INACTIVE, seamless/lossless mobility is not required, the initialization of RX_DELIV for multicast reception in RRC_INACTIVE can refer to that of broadcast reception in Rel-17 as follows.
	For broadcast MRBs, the initial value of the SN part of RX_DELIV is set to (x – 0.5 × 2[PDCP-SN-SizeDL–1]) modulo (2[PDCP-SN-SizeDL]), where x is the SN of the first received PDCP Data PDU. 

NOTE 3:
For broadcast MRBs, the initial value of the HFN part of RX_DELIV is set by UE implementation.


For UEs receiving multicast in RRC_INACTIVE, the initialization of RX_DELIV can follow that of broadcast reception in Rel-17, i.e., the SN part is set to (x – 0.5 × 2[PDCP-SN-SizeDL–1]) modulo (2[PDCP-SN-SizeDL]), where x is the SN of the first received PDCP Data PDU, and the initial value of the HFN part of RX_DELIV is set by UE implementation.
 The CFR for multicast reception in RRC_INACTIVE

In Rel-17, UEs are supported to receive multicast in RRC_CONNECTED. gNB can always do the best on scheduling multicast for all kinds of UEs, such as normal UEs and RedCap UEs, based on the UE capability reported by UE. But things became complicated in Rel-18 as multicast reception can also be supported in RRC_INACTIVE. In such case, normal UEs and RedCap UEs both need to obtain the update of PTM configuration via MCCH, the design of CFR for MCCH and MTCH needs to be carefully considered. 

The situation is quite similar to Rel-17 broadcast for capability limited UE. In Rel-17 if network wants to support capability limited UE's reception, it has to limit the scheduling bandwidth for all UEs, as all UEs are sharing the same CFR for both MCCH and MTCH in a per cell manner. 
A late fix is introduced in TEI18 to support capability limited UE's broadcast reception in Rel-18, as agreed in RAN2#121.

In Rel-18, RedCap UE should be also considered when designing the mechanism to enable multicast reception in RRC_INACTIVE.
For both RedCap UE and normal UE who are interested in and have joined in the same multicast session, the same PDSCH resources of MTCH are better to be used. Since PDSCH resources used for MTCH depends on the MTCH CFR, it means the same MTCH CFR is required for normal UEs and RedCap UEs.

For the same multicast session, normal UEs and RedCap UEs are suggested to monitor the same MTCH PDSCH resources.

The same MTCH PDSCH resource requires the same MTCH CFR for both RedCap UE and normal UE.

If we follow Rel-17 mechanism, e.g., for broadcast reception, the CFR for MTCH is set per cell. The whole system of CFR for multicast reception in RRC_INACTIVE, will be limited by the bandwidth of RedCap UEs (e.g., less than 20MHz)

A flexible solution for this question is to lift the restriction in Rel-17 and decouple the MTCH CFR from MCCH CFR, and to have per service level MTCH CFR. Therefore for session that may be only received by normal UEs, it can still fully utilize a larger bandwidth.

Configuring multicast MTCH CFR per session enables flexibility for configuring different types of reception UE, e.g., both RedCap UE and normal UE, while allowing other services fully utilizing larger bandwidth requirement.
Configure multicast MTCH CFR in a per session manner.
It is naturally to decouple MTCH for multicast from MCCH for multicast, e.g., CFR for MTCH and MCCH are configured separately.

For multicast reception in RRC_INACTIVE, CFR for MTCH and MCCH are configured separately.

Whether these two types of UE share one MCCH should be discussed. Two options for this question:

- Option 1: normal UEs and RedCap UEs share one MCCH
- Option 2: normal UEs and RedCap UEs are configured with different MCCH

Since MCCH is used to deliver configuration for multicast MTCH, it does not require wide bandwidth. It should be good enough that normal UEs and RedCap UEs share one MCCH.

Normal UEs and RedCap UEs share one multicast MCCH.
 Conclusion
We have the following recommendations:

Multicast MCCH of current serving cell does not provide the PTM configuration for intra-gNB neighbour cells.

UEs in RRC_CONNECTED can also obtain the update of PTM configuration via MCCH.

Do not deliver the initial value of RX_DELIV in multicast MCCH for multicast reception in RRC_INACTIVE.

For UEs receiving multicast in RRC_INACTIVE, the initialization of RX_DELIV can follow that of broadcast reception in Rel-17, i.e., the SN part is set to (x – 0.5 × 2[PDCP-SN-SizeDL–1]) modulo (2[PDCP-SN-SizeDL]), where x is the SN of the first received PDCP Data PDU, and the initial value of the HFN part of RX_DELIV is set by UE implementation.
Configure multicast MTCH CFR in a per session manner.

For multicast reception in RRC_INACTIVE, CFR for MTCH and MCCH are configured separately.

Normal UEs and RedCap UEs share one multicast MCCH.
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