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1 Introduction
In the previous RAN2 meeting, discussion on group scheduling for MBS was launched. The corresponding agreements are listed as follows [1],
	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.


In this contribution, we would like to provide our further considerations on group scheduling for MBS in terms of mapping relation between MBS-specific RNTI and MBS session, LCID allocation, (De)Multiplexing, and DRX functionality.
[bookmark: _Toc497230266][bookmark: _Toc497230267]2 Discussion
2.1 Mapping relation between MBS-specific RNTI and MBS session
In the previous RAN2 meeting, two FFS issues were left, as below,
	FFS issues:
1. Other mapping (i.e. not 1-to-1) between G-RNTI and MBS session;
2. Other mapping (i.e. not 1-to-1) between G-CS-RNTI and MBS session.



In LTE SC-PTM, there is only one-to-one mapping between MBMS session (identified by a TMGI) and SC-MTCH (associated with a G-RNTI). The intention is to avoid UE from receiving/processing MBS services in which the UE is not interested, which helps to reduce UE power consumption. 
Network vendors may argue that mandating one-to-one mapping rule makes it difficult for the network to efficiently satisfy the service requirements when an amount of UEs that are all interested in the same multiple MBS services. Generally, we share the same view. In practice, it might be possible that a number of UEs within a given coverage range all have the same interest in a set of MBS services while no other UEs are only interested in a subset of those MBS services (e.g. a group of visitors traveling the Forbidden City all interested in the interpretation service and weather reporting service). In this sense, to facilitate the group scheduling for multiple services via one G-RNTI and also to reduce UE’s PDCCH detection hypothesis (e.g. the number of PDCCHs addressed to different G-RNTIs), we think one-to-multiple mapping between G-RNTI and MBS sessions should be supported in some application scenarios. So, we propose that
Proposal 1: One-to-multiple mapping between G-RNTI and MBS sessions can be supported in NR MBS.
In the past RAN1 meetings, it was agreed that more SPS group-common PDSCH configurations can be supported for a CONNECTED UE. Besides, G-CS-RNTI is introduced for the activation, deactivation, and PTM-based dynamic retransmission of SPS group-common PDSCH. 
	Agreements:
For RRC_CONNECTED UEs, more than one SPS group-common PDSCH configuration for MBS can be configured per UE subject to UE capability
· The total number of SPS configurations supported by a UE currently defined for unicast is not increased due to additionally supporting MBS.
· FFS: How to allocate the total SPS configurations between MBS and unicast.
Define G-CS-RNTI at least for SPS group-common PDSCH and activation/deactivation of SPS group-common PDSCH, different from CS-RNTI for unicast SPS PDSCH
· G-CS-RNTI is used for PTM scheme 1 based dynamic retransmission of SPS group-common PDSCH 
· FFS: Whether CS-RNTI can be used for PTP retransmission of SPS group-common PDSCH.
· FFS: Number of G-CS-RNTI.


In our understanding, an SPS group-common PDSCH configuration is generally used to allocate downlink radio resources for one periodical MBS multicast services where similar-sized data is expected during each period. In this sense, an SPS group-common PDSCH configuration might be only associated with one MBS multicast service. And then a UE can be configured with multiple SPS group-common PDSCH configurations for the reception of multiple multicast services. Based on our consideration of P1 (i.e. all UEs within a given coverage range have the same interest in a set of MBS services), we think one-to-multiple mapping between G-CS-RNTI and MBS sessions should be supported as well. Then, the NW can use the G-CS-RNTI based PDCCH activation command to activate multiple SPS group-common PDSCH configurations, which is similar to the Rel-16 URLLC mechanism supporting multiple SPS configurations.
Proposal 2: One-to-multiple mapping between G-CS-RNTI and MBS sessions can be supported in NR MBS.
2.2 LCID allocation
In LTE SC-PTM, a specific LCID value (i.e. 11001)  is reserved for both SC-MCCH (associated with SC-RNTI) and SC-MTCH (associated with G-RNTI). And the UE can distinguish these two logical channels via different RNTIs. 
For NR broadcast transmission, we think it is reasonable that use the reserved LCID for MCCH and MTCHs associated with broadcast sessions, which is the same manner as LTE SC-PTM. This is because both IDLE/INACTIVE and CONNECTED UEs shall use the same common configuration delivered in the broadcast manner. It might be difficult for a network to collaboratively manage the LCID allocation for all the UEs without incurring potential LCID ambiguity. Therefore, we propose that 
Proposal 3: For MBS broadcast transmission, the reserved LCID space is used for logical channels.
The next question is how many LCIDs in the existing reserved LCID space (i.e. 35-46) should be specified for MBS broadcast transmission. Currently, as the network shall support one or multiple QoS flow for an MBS session, only reserving 1 LCID as LTE SC-PTM definitely cannot meet the service requirements. In our opinion, the NR MBS broadcast mechanism is generally designed for video streaming delivery. So, considering that a video streaming service may have three or even more QoS flows and a new RNTI is used for MCCH scheduling, we propose that the maximum range of LCIDs used for MBS broadcast transmission is 4. 
Proposal 4: LCID indexes 35-38 are specified for logical channels used in MBS broadcast transmission.
For NR multicast transmission, UEs are required to enter RRC CONNECTED state to receive MBS multicast configuration (via dedicated signaling) and service data. Then, the NW can easily manage the LCID allocation for each CONNECTED UE. Thus, we propose that the LCID space used for existing DTCHs for DRBs are shared for both DTCHs for multicast PTP transmission and MTCHs for multicast PTM transmission. And the network should guarantee that the LCIDs allocated for DTCHs for DRBs, DTCHs for multicast PTP transmission, and MTCHs for multicast PTM transmission are individual.  
Proposal 5: For MBS multicast transmission, a common LCID space is shared amongst DTCHs for DRBs, DTCHs for multicast PTP transmission, and MTCHs for multicast PTM transmission.
2.3 Multiplexing/De-multiplexing of MAC SDU
In the previous RAN2 meeting, there is one remaining FFS regarding (De)multiplexing aspect:
	· FFS if Multiplexing/de-multiplexing of different logical channels associated with the same G-CS-RNTI is supported for NR MBS. 


In our understanding, the network can firstly use G-CS-RNTI based PDCCH activation command to activate a given SPS group-common PDSCH configuration for the transmission of a multicast session associated with the G-CS-RNTI. Then, to facilitate the MBS multicast transmission, the MBS session associated with the G-CS-RNTI anyway should be also associated with a G-RNTI for PUSCH scrambling. An example for SPS group-common PDSCH scheduling is given in Figure 1. 
[image: ]
Figure 1: SPS group-common PDSCH scheduling and dynamic group scheduling
Further, based on the previous that multiplexing/de-multiplexing of different logical channels associated with the same G-RNTI is supported for NR MBS, MAC SDUs from different logical channels associated with the same G-RNTI is allowed to multiplexing in the same MAC PDU during the initial transmission via SPS group-common PDSCH. As the multicast session mapped to these logical channels is also associated with G-CS-RNTI, it seems a spontaneous logic that multiplexing or demultiplexing of different logical channels associated with the same G-CS-RNTI should be also allowed for NR MBS. In addition, regarding the G-CS-RNTI based PDCCH scheduling group-common HARQ retransmission, as the MAC PDU can only be generated at the initial transmission and would not be changed during retransmission, there is no impact on the multiplexing/de-multiplexing function if G-CS-RNTI based PDCCH is used for retransmission. Therefore, we kindly request RAN2 to confirm that multiplexing/de-multiplexing of different logical channels associated with the same G-CS-RNTI is supported for NR MBS.
Proposal 6: RAN2 confirms multiplexing/de-multiplexing of different logical channels associated with the same G-CS-RNTI is supported for NR MBS.
2.4 DRX functionality 
In LTE SC-PTM, G-RNTI specific DRX functionality is introduced for UE power saving. The main consideration for this design is that different MBS services generally have different traffic characteristics and the mapping relation between MBS service and G-RNTI is set to 1-to-1. So the NW may configure G-RNTI specific DRX functionality for each MBS service transmission associated with a G-RNTI. 
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]For PTM transmission of MBS multicast, we think the same design logic can be applied. If common DRX functionality is used for both C-RNTI based unicast transmission and G-RNTI based multicast PTM transmission, the power consumption of PDCCH blind detection will undoubtedly be increased since the UE has to run out all the potential PDCCH detection hypothesis as long as it is on ACTIVE time, as shown in Figure 2. The power-saving gain by using per G-RNTI based DRX functionality is more obvious when the common search space for multicast PTM transmission is denser. On the other hand, as RAN2 had already agreed that LTE SC-PTM DRX scheme (i.e. separate DRX configuration based on per G-RNTI basis) is used for NR MBS delivery mode 2, we prefer to use the same design logic for both broadcast PTM transmission and multicast PTM transmission. This is because it helps to simplify the UE programming design and implementation, considering the CONNECT UE can simultaneously receive broadcast and multicast service via PTM transmission.  


[image: ]Figure 2: DRX functionality design for multicast PTM transmission
Next, we would like to consider what kinds of DRX parameters should be used for multicast PTM transmission. Generally, there are three types of parameters in NR DRX configuration: 
1. fundamental DRX parameters, which are mandatory;
2. HARQ related parameters, which is necessary in the case of HARQ retransmission;
3. short cycle parameters, which is optional.
More specifically, the fundamental DRX parameters include the following,
-	drx-onDurationTimer: the duration at the beginning of a DRX cycle;
-	drx-SlotOffset: the delay before starting the drx-onDurationTimer;
-	drx-InactivityTimer: the duration after the PDCCH occasion in which a PDCCH indicates a new UL or DL transmission for the MAC entity;
-	drx-LongCycleStartOffset: the Long DRX cycle and drx-StartOffset which defines the subframe where the Long and Short DRX cycle starts.
The HARQ related DRX parameters consist of
-	drx-RetransmissionTimerDL (per DL HARQ process except for the broadcast process): the maximum duration until a DL retransmission is received;
-	drx-RetransmissionTimerUL (per UL HARQ process): the maximum duration until a grant for UL retransmission is received;
-	drx-HARQ-RTT-TimerDL (per DL HARQ process except for the broadcast process): the minimum duration before a DL assignment for HARQ retransmission is expected by the MAC entity;
-	drx-HARQ-RTT-TimerUL (per UL HARQ process): the minimum duration before a UL HARQ retransmission grant is expected by the MAC entity.
The short cycle parameters are twofold, 
-	drx-ShortCycle (optional): the Short DRX cycle;
-	drx-ShortCycleTimer (optional): the duration the UE shall follow the Short DRX cycle.
In our view, all the fundamental DRX parameters and DL HARQ related DRX parameters can be reused for multicast PTM transmission, where HARQ retransmission can be supported. In addition, considering that L1-PTP HARQ retransmission can be supported for multicast PTM transmission, then we think the UE should be able to monitor PDCCH addressed to G-RNTI/G-CS-RNTI and C-RNTI/CS-RNTI based on configurations of SPS group-common PDSCH and HARQ-ACK feedback.
Furthermore, we think the short DRX cycle is generally intended for time-varying arrival intervals of burst data. For the typically multicast service (e.g. video streaming), we assume the traffic characteristic is predictable. In this sense, the short cycle parameters might be not essential for multicast PTM transmission. 
For multicast PTP transmission, as the PDCCH is scheduled via C-RNTI in a unicast manner, we think the DRX scheme for unicast can be directly reused for PTP transmission. In our understanding, no specific technical issue and no performance degradation are observed. 
Based on the above, we propose 
Proposal 7: For multicast PTM transmission, DRX functionality is configured on a per G-RNTI/G-CS-RNTI basis. 
[bookmark: OLE_LINK7][bookmark: _Hlk68752697]Proposal 8: For multicast PTM transmission, NR MBS DRX configuration can include drx-onDurationTimerMBS, drx-InactivityTimerMBS, drx-LongCycleStartOffsetMBS, drx-SlotOffsetMBS, drx-HARQ-RTT-TimerDLMBS, and drx-RetransmissionTimerDLMBS. 
Proposal 9: For multicast PTM transmission, UE can monitor PDCCH for G-RNTI/G-CS-RNTI additionally with C-RNTI/CS-RNTI when drx-RetransmissionTimerDLMBS associated with the G-RNTI/G-CS-RNTI is running. 
Proposal 10: For multicast PTP transmission, DRX functionality for unicast transmission is reused. 
3 Conclusion
In this contribution, we have provided our further considerations on group scheduling for MBS. All our proposals are summarized as follows,
Proposal 1: One-to-multiple mapping between G-RNTI and MBS sessions can be supported in NR MBS.
Proposal 2: One-to-multiple mapping between G-CS-RNTI and MBS sessions can be supported in NR MBS.
Proposal 3: For MBS broadcast transmission, the reserved LCID space is used for logical channels.
Proposal 4: LCID indexes 35-38 are specified for logical channels used in MBS broadcast transmission.
Proposal 5: For MBS multicast transmission, a common LCID space is shared amongst DTCHs for DRBs, DTCHs for multicast PTP transmission, and MTCHs for multicast PTM transmission.
Proposal 6: RAN2 confirms multiplexing/de-multiplexing of different logical channels associated with the same G-CS-RNTI is supported for NR MBS.
Proposal 7: For multicast PTM transmission, DRX functionality is configured on a per G-RNTI/G-CS-RNTI basis. 
Proposal 8: For multicast PTM transmission, NR MBS DRX configuration can include drx-onDurationTimerMBS, drx-InactivityTimerMBS, drx-LongCycleStartOffsetMBS, drx-SlotOffsetMBS, drx-HARQ-RTT-TimerDLMBS, and drx-RetransmissionTimerDLMBS. 
Proposal 9: For multicast PTM transmission, UE can monitor PDCCH for G-RNTI/G-CS-RNTI additionally with C-RNTI/CS-RNTI when drx-RetransmissionTimerDLMBS associated with the G-RNTI/G-CS-RNTI is running. 
Proposal 10: For multicast PTP transmission, DRX functionality for unicast transmission is reused. 
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