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The group scheduling mechanism for NR MBS transmission was discussed in RAN1. The following agreements were reached:
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· PTM scheme 1: group-common PDCCH with CRC scrambled by group-common RNTI to schedule group-common PDSCH which is scrambled with the same group-common RNTI. (R1#102 agreed) 
· PTM scheme 2: UE-specific PDCCH with CRC scrambled by UE-specific RNTI (e.g., C-RNTI) to schedule group-common PDSCH which is scrambled with group-common RNTI. (FFS)
· PTP scheme: UE-specific PDCCH with CRC scrambled by UE-specific RNTI (e.g., C-RNTI) to schedule UE-specific PDSCH which is scrambled with the same UE-specific RNTI. (same as legacy unicast transmission) (FFS for InTx and ReTx)




In this contribution, we will further discuss the group scheduling mechanism for NR MBS from RAN2 perspective.
Logical channel and its scheduling for NR MBS
To support NR MBS transmission, from physical layer perspective, the same numerology and subframe structure as unicast should be reused for PTM transmission. No additional physical channels or Reference signal should be introduced to support PTM. It means the PTM transmission takes place over normal PDSCH channel which adopts DM-RS and CSI-RS. From transport channel perspective, DL-SCH is used. PTM PDSCH is scheduled by PTM DCI which is monitored by multiple users. As agreed by RAN1 for PTM scheme 1, the PDCCH scheduling PTM PDSCH can be scrambled by a specific Group-RNTI.
From higher layer perspective, we think the SC-PTM as specified for LTE can act as a baseline. One type of control logical channel i.e. MCCH and one type of traffic logical channel i.e. MTCH can be supported for NR PTM transmission. MCCH and MTCH are mapped on DL-SCH. MCCH and MTCH transmissions are each indicated by a logical channel specific RNTI on PDCCH. For each MTCH, the identification information and scheduling information is provided on MCCH including MTCH scheduling cycle, on-duration and inactivity-timer. The NR PTM reception opportunities are independent of the unicast DRX scheme for the UE. 
The number of transmissions applicable to the transmission blocks for NR PTM and the RLC mode for MTCH needs more discussion at the context of NR MBS as there are reliability requirement for NR PTM in case of multicast. 
Proposal 1: MCCH is specified for NR PTM control logical channel.
Proposal 2: MTCH is specified for NR PTM traffic logical channel.
Proposal 3: MCCH and MTCH are mapped on DL-SCH.
Proposal 4: MCCH and MTCH transmissions are each indicated by a logical channel specific RNTI on PDCCH.
Proposal 5: For each MTCH, the identification information and scheduling information are provided on MCCH including MTCH scheduling cycle, on-duration and inactivity-timer.
MTCH Scheduling for MBS Session   
In LTE eMBMS/SC-PTM, each MBMS session (identified by TMGI) is carried by an independent MTCH, which is scheduled by a unique G-RNTI scrambled PDCCH. As a result, there is one-to-one mapping relation between MTCH and G-RNTI. 
According to the study at SA2 on architectural enhancements for 5G multicast-broadcast services, MBS Session ID can have the following types: TMGI, source specific IP multicast address. One MBS session can be mapped to one or multiple MBS flows. One MBS flow is associated with one QoS flow for MBS data. 
From NR RAN perspective, the mapping from MBS QoS flows to MBS Radio Bearers (i.e. MRB) can follow NR legacy flow-to-RB mapping principle, i.e. one or more than one MBS QoS flow can be mapped to a single MBS Radio Bearer (i.e. MRB). 
Then there are two issues to be discussed. The first one is should we keep the one-to-one mapping relation of LCH-to-RB between MBS Radio Bearer and MTCH? The second one is should we keep the one-to-one mapping relation between MTCH and G-RNTI? There may be different alternatives and combinations for the answers for the two questions. We see the following options: 
Option1: apply legacy LCH-to-RB mapping rule 
If we keep the legacy LCH-to-RB mapping rule, one MBS Radio Bearer is carried by one dedicated MTCH. As such, MBS session can be carried by one or more than MTCH. Then the UE receiving a specific MBS session may be required to monitor more than one MTCH, each of which may respect different DRX scheme. This is actually a network implementation issue. However, if the associated MTCHs for a particular MBS session scheduled by the network are not aligned in terms of DRX patterns, the caused UE power consumption may be not friendly. 
Option2: apply many-to-one LCH-to-RB mapping rule
As an alternative, more than one MBS Radio Bearer (belonging to the same MBS session) can be allowed to map to one MTCH. This obviously breaks the legacy LCH-to-RB mapping rule. However this may simplify the network scheduling for the MBS session, since in this case, only one G-RNTI (corresponding to the MTCH) can be allocated for the transmission for the MBS session. The negative point is that the LCH prioritization gain is missing for the different QoS flows of the same MBS session, unless some type RB based prioritization is introduced, which too much complicated.
Option3: apply legacy LCH-to-RB mapping rule and adopt unified DRX           
This option keeps legacy LCH-to-RB mapping rule, i.e. one MBS Radio Bearer is carried by one dedicated MTCH. However all of the MTCHs (belonging to the same MBS session) respect the same DRX scheme. In this way, a single G-RNTI may be used to scramble the PDCCH that schedules these MTCHs. The UE at physical layer does not need to identify which MTCH is scheduled during decoding. However, the MAC layer can identify the PDU according to the LCH ID within the subheader of MAC subPDU after demultiplexing.  
As can be seen, Option 3 has less standard impact and avoid the UE power consumption issue as presented by Option 1. Then we have the following proposals:  
Proposal 6: One or more than one MBS QoS flow can be mapped to a single MBS Radio Bearer.
Proposal 6a: One MBS session can be mapped to one or more than one MBS Radio Bearer.
Proposal 7: one MBS Radio Bearer is mapped to one MTCH
Proposal 7a: One MBS session can be carried by one or more than MTCH.
Proposal 8: All MTCHs carrying the same MBS session shares a unified DRX pattern.
Proposal 9: A single G-RNTI is used to schedule the MTCHs carrying the same MBS session.
Multiplexing/de-multiplexing of MBS data
There are two multiplexing/de-multiplexing issues about MBS logical channels, i.e. MBS PTM logical channel multiplexing and MBS PTP logical channel multiplexing. We think that the multiplexing/de-multiplexing of different PTM logical channels identified by the same G-RNTI should be supported in MAC, since these logical channels carry the data coming from the same session. Meanwhile we think that the multiplexing handling is a gNB implementation issue. In addition, the multiplexing/de-multiplexing of different PTP logical channels corresponding to the same or different MBS session and unicast session can be supported in MAC due to scheduling by the C-RNTI. 
Proposal 10: Multiplexing/de-multiplexing of different logical channels identified by the same group RNTI is supported for NR MBS. 
Proposal 10a: Multiplexing/de-multiplexing of different logical channels identified by the C-RNTI is supported for NR MBS.
2.1 
2.2 
Conclusion
The following proposals are made:
Proposal 1: MCCH is specified for NR PTM control logical channel.
Proposal 2: MTCH is specified for NR PTM traffic logical channel.
Proposal 3: MCCH and MTCH are mapped on DL-SCH.
Proposal 4: MCCH and MTCH transmissions are each indicated by a logical channel specific RNTI on PDCCH.
Proposal 5: For each MTCH, the identification information and scheduling information are provided on MCCH including MTCH scheduling cycle, on-duration and inactivity-timer.
Proposal 6: One or more than one MBS QoS flow can be mapped to a single MBS Radio Bearer.
Proposal 6a: One MBS session can be mapped to one or more than one MBS Radio Bearer.
Proposal 7: one MBS Radio Bearer is mapped to one MTCH
Proposal 7a: One MBS session can be carried by one or more than MTCH.
Proposal 8: All MTCHs carrying the same MBS session shares a unified DRX pattern.
Proposal 9: A single G-RNTI is used to schedule the MTCHs carrying the same MBS session.
Proposal 10: Multiplexing/de-multiplexing of different logical channels identified by the same group RNTI is supported for NR MBS. 
Proposal 10a: Multiplexing/de-multiplexing of different logical channels identified by the C-RNTI is supported for NR MBS.
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