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 Introduction
In this contribution, following two aspects are discussed:

Group scheduling for both Broadcast and Multicast

PTM deactivation related operation, mainly on power saving perspective
 Group scheduling

In last RAN2 114-e meeting, following agreements were achieved:

RAN2 114-e agreements 
One-to-one mapping between G-RNTI and MBS session is supported in NR MBS. Other mappings FFS 
One-to-one mapping between G-CS-RNTI and MBS session is supported in NR MBS. Other mappings FFS.

A UE can support multiple G-RNTIs/G-CS-RNTIs, It is FFS whether this depends on UE capability. Inform RAN1 of this agreement.

Multiple MBS QoS flows corresponding to the same MBS session can be mapped to one or more than one MBS radio bearers.

MCCH is mapped to the DL-SCH for NR MBS delivery mode 2. 

MTCH is specified for PTM transmission of NR MBS.

MTCH is mapped to the DL-SCH. 

DTCH is reused for PTP transmission of NR MBS.

FFS if there is a need to have specific LCID spaces for the used channels. 

Multiplexing/de-multiplexing of different logical channels associated with the same G-RNTI is supported for NR MBS. 

FFS if Multiplexing/de-multiplexing of different logical channels associated with the same G-CS-RNTI is supported for NR MBS. 

Multiplexing/de-multiplexing of different logical channels associated with the C-RNTI is supported for NR MBS.

For NR MBS delivery mode 2, LTE SC-PTM DRX scheme is used as baseline.

FFS whether For PTM transmission of NR MBS, DRX scheme is independent of DRX for unicast transmission, e.g. supported on a per G-RNTI basis

FFS whether For PTP transmission, DRX operation for unicast transmission is reused.   

There are still some leftover issues in RAN2 except the ones pending on RAN1 decision (UE capability on multiple MBS reception):

Mapping between G-RNTI/G-CS-RNTI and MBS session
FFS if there is a need to have specific LCID spaces for the used channels. 

FFS whether For PTM transmission of NR MBS, DRX scheme is independent of DRX for unicast transmission, e.g. supported on a per G-RNTI basis

FFS whether For PTP transmission, DRX operation for unicast transmission is reused.   

We will focus on the above issues in following sections respectively.
 G-RNTI vs MBS Session
RAN2 114-e agreements 

One-to-one mapping between G-RNTI and MBS session is supported in NR MBS. Other mappings FFS 

One-to-one mapping between G-CS-RNTI and MBS session is supported in NR MBS. Other mappings FFS.

RNTI identifies the MBS transmission in the air interface at physical layer. In legacy system (LTE eMBMS) one G-RNTI is used to identify one specific MBS service and carry the service data of one MBS service. It is because usually different UEs share different interests (MBS sessions), therefore UE who is interested in such service will only receive the service data UE wants.

In legacy system, it is one to one mapping between physical layer ID G-RNTI and MBS session.

UE only needs to receive the service data it is interested in while in other mapping e.g., Multiple MBS session mapped to a single G-RNTI, UE might consume more power and overhead to receive the interested MBS service data.

Companies suggested that there can be other options, e.g., more than one MBS session are mapped to the same G-RNTI and multiplexed for transmission (1 to M mapping between G-RNTI and MBS session), 

It is good for cases when one UE’s capability is limited, and is able to receive one MBS at a time, or in cases other factors are prohibiting UE from receiving more than one MBS simultaneously.
However, as explained above, different UEs tend to share different interests (MBS sessions), and it is even rarer that different UEs share a set of common interests. Meanwhile, enabling 1 to M mapping between G-RNTI and MBS session will bring other spec impacts like we have to differentiate or de-multiplex data that belongs to different MBS session in a single transport block.
1 to M mapping between G-RNTI and MBS session is only beneficial in rare cases,and introduces unnecessary spec impacts.

Therefore, we have the following suggestion:

Confirm that only one-to-one mapping between G-RNTI and MBS session is supported in NR MBS
 LCID space
# PTP transmission for MBS

It was agreed that “Multiplexing/de-multiplexing of different logical channels associated with the C-RNTI is supported for NR MBS”, therefore it is possible to multiplex data in LCHs of PTP transmission for MBS session and PTP transmission for Unicast PDU session scenario. UE may receive a DL MAC PDU including both unicast and MBS session, and LCIDs are normally used to distinguish different LCHs for one MAC PDU. Two possible solutions may be considered.

Option 1. Shared LCID space between PTP transmission of Unicast PDU session and PTP transmission of MBS session;

Option 2. Separate LCID space for PTP transmission of MBS session;

For option 1, it is easy for UE to distinguish different MRB from DRB by LCID. Moreover, in NR Rel-16, two-bytes eLCID was specified for logical channel extension. The LCID space for PTP transmission of MBS session shall be enough. 

For option 2, MBS Session or MRB associated information may need to be included in the MAC PDU sub-header to distinguish different MBS service data in the same TB, e.g., MBS ID information. Obviously it introduces some specification work, i.e., in user plane. Therefore, we suggest to apply option 1 in such case:
To use shared LCID space between PTP transmission of Unicast PDU session and PTP transmission of MBS session.

# PTM transmission for MBS

Meanwhile, it was also agreed that “Multiplexing/de-multiplexing of different logical channels associated with the same G-RNTI is supported for NR MBS.”
In the following discussion, we assume there will be no multiplexing between different MBS services, i.e., we only consider one-to-one mapping between G-RNTI and MBS session. With this assumption, it is reasonable to consider assigning a MBS specific LCID space for PTM transmission. That is to say, the MBS specific LCID space is per MBS session.

However, it is also possible to allocate per UE LCID for the PTM transmission to identify the LCH which processes the PTM transmission received from lower layer. For example, a RRC_CONNECTED UE may receive a MBS data in PTM, and a common LCID is used to identify different MRB data in different logic channel, while the LCID for the associated LCH which really process the data can be UE specific (i.e., per UE configured). That is to say, for PTM transmission the LCID of the LCH who receives and processes the MBS data in UE can be different from the LCID in the MAC PDU sub-header. This makes sense that in current NR design, 

the LCID is per MAC entity/per cell group for one UE, and 

it is also assumed that from UE perspective it is the same MAC entity for both Unicast service and MBS service reception in the [Post113-e][054][MBS17] PTP/PTM dynamic switch and MRB type change. 

In this case, the mapping relationship between the LCID used in MAC sub-header and the LCID of the LCH which receives the MBS data should be configured to UE with dedicated signaling, which is feasible.

To use shared LCID space between transmission of Unicast PDU session and PTM transmission of Multicast session, the LCID being used for the PTM leg for each MRB is configured to UE through dedicated signaling.
 DRX

In the context of NR MBS, we might need to dig deeper for DRX of transmission of PTP and PTM, respectively. We have following leftover FFS:
RAN2 114-e agreements 

For NR MBS delivery mode 2, LTE SC-PTM DRX scheme is used as baseline.

FFS whether For PTM transmission of NR MBS, DRX scheme is independent of DRX for unicast transmission, e.g. supported on a per G-RNTI basis

FFS whether For PTP transmission, DRX operation for unicast transmission is reused.   

One might need to consider delivery mode 1 and mode 2 separately, since for deliver mode 1 there are associated PTP transmission (especially associated initial transmission and HARQ based re-transmission) while for delivery mode 2 it is only about PTM transmission as in legacy LTE eMBMS.
Firstly we consider delivery mode 2 for its simplicity.
# for deliver mode 2
It had been agreed that SC-PTM as baseline:
For NR MBS delivery mode 2, LTE SC-PTM DRX scheme is used as baseline.

LTE SC-PTM DRX scheme is used as baseline for NR MBS delivery mode 2.

Let’s have a look at the design of SC-PTM transmission, especially the DRX part. In LTE, the transmission is per eMBMS service (or per G-RNTI), and the DRX information is included in the per service MTCH transmission configuration (or SC-MTCH-SchedulingInfo-r13).
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Also, the DRX configuration is independent of unicast DRX or other MBS transmission (although it can be network decision, to schedule multiple MBS services with the same DRX, to enable lower power consumption if UE might be interested in multiple MBS services).

TS 36.300

For each SC-MTCH, the following scheduling information is provided on SC-MCCH:

-
SC-MTCH scheduling cycle;

-
SC-MTCH on-duration: duration in downlink subframes that the UE waits for, after waking up from DRX, to receive PDCCHs. If the UE successfully decodes a PDCCH indicating the DL-SCH to which this SC-MTCH is mapped, the UE stays awake and starts the inactivity timer;

-
SC-MTCH inactivity-timer: duration in downlink subframes that the UE waits to successfully decode a PDCCH, from the last successful decoding of a PDCCH indicating the DL-SCH to which this SC-MTCH is mapped, failing which it re-enters DRX. The UE shall restart the inactivity timer following a single successful decoding of a PDCCH.

NOTE 1:
The SC-PTM reception opportunities are independent of the unicast DRX scheme.

NOTE 2:
The SC-MTCH inactivity-timer may be set to 0.

NOTE 3:
Although the above parameters are per SC-MTCH (i.e. per MBMS service), the network may configure the same scheduling pattern for multiple SC-MTCHs (i.e. multiple MBMS services).

Such independent design is important for delivery mode 2, as UEs might be in non-RRC_CONNECTED state, and it is impossible to optimize the transmission for UEs in RRC_CONNECTED while ignoring other UEs in other states. Therefore in NR MBS for delivery mode 2, we suggest the following:
For NR MBS delivery mode 2, the DRX is per MBS service, and the DRX configuration is independent among unicast services, and all MBS services.
# for delivery mode 1
One one hand, different MBS services have different transmission characteristic, therefore there should be one per MBS service DRX for the delivery mode 1 as well.

There should be per MBS service DRX for delivery mode 1, due to per MBS traffic 
On the other hand, for delivery mode 2, there are possibly coupled PTP transmission or even PTP only transmisison for MBS session, and we might need to treat them separately:
For PTP is for HARQ based re-transmission in physical layer, UE will monitor the PTP re-transmission of the same TB that is initially tranmitted by PTM. Therefore, UE needs to monitor per UE G-RNTI transmission as well. 
Meanwhile, UE might need to receive some per UE control information or report to network, therefore during the per MBS transsmision 
Therefore from UE perspective, UE needs to monitor the C-RNTI identified transmission as well.

Due to per UE control information and per UE re-transmission associated with the PTM initial transmission, UE needs to monitor per UE transmission.
Therefore we suggest to have a per MBS service based DRX for delivery mode2, meanwhile UE needs to monitor per UE transmission during DRX on duration.

For delivery mode 1, the DRX configuration for MBS is per MBS services.
UE needs to monitor both PTP and PTM transmission during DRX-on duration.
 PTM activation/deactivation for split MRB

RAN2 has agreed that there will be dynamic switch for split MRB which are associated with two different RLC legs, one PTP and the other PTM. It is network decide which transmission mode to transmit the MBS data under one common PDCP entity.

However, monitoring both PTP and PTM transmission, or simply monitoring an extra PTM transmission inevitably brings extra power consumption in MAC/PHY due to the difference between PTP and PTM transmission:
For cases when PTM transmission is deactivated, the per service DRX can be deactivated as well for power saving. For a group of UE with each can have its own unicast services of different traffic characteristics, it will be hard or impossible to have the PTM transmission DRX aligned with per UE DRX. And for each UE to monitor a separate DRX of PTM transmission inevitably increase the power consumption.
Different search space. According to current RAN1 progress, even for the DCI format of group scheduling is chosen for PTM, the PTP transmission and PTM transmission might still be separately configured and scheduled in time domain, e.g., different DRX, or even in the same DRX configuration but different search space/CORESET therefore different CCE position. If UE has to monitor the G-RNTI for the common PTM transmission even when network has determined that PTP transmission is on, unnecessary power consumption will be inevitable.
In very rare cases this can be avoided: only if UE aims to blind detection both PTP and PTM in the same search space, and in overlapped time domain of the DRX on duration. For example, efforts in attempting to de-scramble a G-RNTI is low only when UE wakes up for both C-RNTI and G-RNTI. The reality however is DRX of each transmission (among per UE C-RNTI and per group G-RNTI) wont be perfectly overlapped.
And extra efforts in other layers like PDCP:
if PTM reception is not deactivated, UE will have to monitor the PTM even it is not necessary or the PTM is for other UE, which means there will be tons of PDCP duplication needs to be dealt with.
Reception of both PTP and PTM transmission can be based on network configuration in some cases, however it is not power efficient or realistic as the default option for MBS reception.

Monitoring both PTP and PTM transmission especially when PTM is not necessary introduces unnecessary power consumption.

Therefore, it is highly suggested that:

Explicit signaling is used to indicate whether UE needs to monitor the PTM transmission for split MRB.
 Conclusion
Based on the analysis provided above, we have the following observations and proposals:

# on GRNTI vs MBS session
Observation 1
In legacy system, it is one to one mapping between physical layer ID G-RNTI and MBS session.

Observation 2
UE only needs to receive the service data it is interested in while in other mapping e.g., Multiple MBS session mapped to a single G-RNTI, UE might consume more power and overhead to receive the interested MBS service data.

Observation 3
1 to M mapping between G-RNTI and MBS session is only beneficial in rare cases,and introduces unnecessary spec impacts.

Proposal 1
Confirm that only one-to-one mapping between G-RNTI and MBS session is supported in NR MBS.
# on LCID space
Proposal 2
To use shared LCID space between PTP transmission of Unicast PDU session and PTP transmission of MBS session.

Proposal 3
To use shared LCID space between transmission of Unicast PDU session and PTM transmission of Multicast session, the LCID being used for the PTM leg for each MRB is configured to UE through dedicated signaling.

# on DRX for NR MBS

Observation 4
LTE SC-PTM DRX scheme is used as baseline for NR MBS delivery mode 2.

Proposal 4
For NR MBS delivery mode 2, the DRX is per MBS service, and the DRX configuration is independent among unicast services, and all MBS services.

Observation 5
There should be per MBS service DRX for delivery mode 1, due to per MBS traffic 
Observation 6
Due to per UE control information and per UE re-transmission associated with the PTM initial transmission, UE needs to monitor per UE transmission.

Proposal 5
For delivery mode 1, the DRX configuration for MBS is per MBS services.

Proposal 6
UE needs to monitor both PTP and PTM transmission during DRX-on duration.

# on PTM activation/deactivation

Observation 7
Reception of both PTP and PTM transmission can be based on network configuration in some cases, however it is not power efficient or realistic as the default option for MBS reception.

Observation 8
Monitoring both PTP and PTM transmission especially when PTM is not necessary introduces unnecessary power consumption.

Proposal 7
Explicit signaling is used to indicate whether UE needs to monitor the PTM transmission for split MRB.
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