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Introduction
Group scheduling mechanism is one of the objectives of RAN WI [1] as below, 
	· Specify a group scheduling mechanism to allow UEs to receive Broadcast/Multicast service [RAN1, RAN2]
· This objective includes specifying necessary enhancements that are required to enable simultaneous operation with unicast reception.


In this contribution, we discuss the key issues related to group scheduling. More specifically, the discussions cover,
- Mapping between Group RNTI and MBS session;
- Mapping between MBS QoS flow and MRB;
- Multiplexing of MTCHs;
    - Support DRX for MBS reception;
    - Support SPS group-common PDSCH for MBS for RRC_CONNECTED UEs;
    - Simultaneous operation with unicast reception.
Discussion
Issue 1: Mapping between Group RNTI and MBS session.
Regarding the group-common PDCCH and group-common PDSCH used for MBS, RAN1#102e has made the following agreement,
	· For RRC_CONNECTED UEs, at least support group-common PDCCH with CRC scrambled by a common RNTI to schedule a group-common PDSCH, where the scrambling of the group-common PDSCH is based on the same common RNTI.


[bookmark: OLE_LINK13][bookmark: OLE_LINK14]Based on the above agreement, there will be group-common RNTI (G-RNTI, same as in LTE) used for group scheduling of MBS, an LS has been sent from RAN1 about it [2], in which RAN1 provides their common understanding:
	· G-RNTI is used for PTM scheme 1 based (re)transmission of dynamic group-common PDSCH and the corresponding group-common PDCCH.
· PTM transmission scheme 1: For RRC_CONNECTED UEs in the same MBS group, use group-common PDCCH with CRC scrambled by group-common RNTI to schedule group-common PDSCH which is scrambled with the same group-common RNTI. 


And RAN1 seeks answers from RAN2 regarding the following question 1:
Question 1: Whether RAN1 should consider the case of UE supporting multiple G-RNTIs?
Therefore the mapping relationship between G-RNTI and MBS session needs to be discussed further in RAN2.
In SC-PTM, there is one to one mapping between MBMS session and MBMS traffic logical channel (SC-MTCH). G-RNTI is used to identify the transmissions of a SC-MTCH. So there is one to one mapping between TMGI and G-RNTI.
When it comes to NR MBS, LTE SC-PTM mechanism cannot be reused directly as the QoS model in NR is different from LTE.
To address the mapping between G-RNTI and the MBS session (TMGI), there are two potential solutions:
Solution 1: One to one mapping between G-RNTI and MBS session.
All the MBS traffic logical channels (e.g. MTCH) within the MBS session share the same G-RNTI if there are multiple MBS traffic logical channels (e.g. MTCH) in one MBS session. The UE can only process the MBS services which it interest in. It is the simplest way for the relationship of G-RNTI and MBS session.
Solution2: One to multiple mapping between G-RNTI and MBS session. 
To use this solution, if various UEs need to be configured with the same multiple MBS services (MBS session group), the gNB could schedule multiple MBS services to a given UE with interest in these services via the same G-RNTI. Therefore the number of G-RNTI could be saved, and it would be possible to multiplex multiple MBS services over a single MAC PDU (as unicast does). This solution needs to be further considered that whether the MBS sessions in the MBS session group will always be tied and to share the same G-RNTI, otherwise redundant G-RNTIs may be needed if some UEs only interest in part of the MBS session group.
Based on above analysis, solution 1 will be more reasonable compared to solution 2.
Proposal 1: Apply one to one mapping between group-common RNTI (G-RNTI) and MBS session as SC-PTM in LTE.
[bookmark: OLE_LINK5][bookmark: OLE_LINK6]Issue 2: Mapping between MBS QoS flow and MRB. 
In [3], SA2 has made the following conclusion,
	-	The network shall support QoS control per MBS session instead of per user. 
-	The network shall support one or multiple QoS flow for an MBS session. 


RAN2 has also agreed that,
	The function of mapping from QoS flows to MBS RBs in SDAP is needed for NR MBS. TBD whether any SDAP header is needed.


Based on the above agreement, a general principle can be summarized that the MBS QoS flows of a specific MBS session could be mapped to one or more MRBs. 
Proposal 2: Support multiple to one mapping between MBS QoS flows and MBS radio bearer.
Issue 3: Multiplexing of MTCHs. 
[bookmark: OLE_LINK90][bookmark: OLE_LINK91]With the assumption that there is one to one mapping between G-RNTI and MBS session (TMGI), all the MBS traffic channels (i.e. MTCH) within the same MBS session will use the same G-RNTI. 
UE interested in one MBS session needs to receive data from all the related MTCHs of the specific MBS session. So there will be no problem if data from different MTCHs of the same MBS session is multiplexed into one MAC PDU. This will enable a flexible scheduling in NG-RAN and could be easily supported by reusing legacy unicast function. 
Proposal 3: Support multiplexing of MTCHs belonging to a MBS session in one MAC PDU.
In LTE SC-PTM, all the SC-MCCH and the SC-MTCH(s) can not be multiplexed, therefore a fixed index 11001 is used [4]. 
Table 6.2.1-1 Values of LCID for DL-SCH
	Index
	LCID values

	00000
	CCCH

	00001-01010
	Identity of the logical channel

	01011-10100
	Reserved

	10101
	Activation/Deactivation of CSI-RS

	10110
	Recommended bit rate

	10111
	SC-PTM Stop Indication

	11000
	Activation/Deactivation (4 octets)

	11001
	SC-MCCH, SC-MTCH (see note)

	11010
	Long DRX Command

	11011
	Activation/Deactivation (1 octet)

	11100
	UE Contention Resolution Identity

	11101
	Timing Advance Command

	11110
	DRX Command

	11111
	Padding

	NOTE: Both SC-MCCH and SC-MTCH cannot be multiplexed with other logical channels in the same MAC PDU except for Padding and SC-PTM Stop Indication


If the multiplexing of MTCHs belonging to a MBS session in one MAC PDU can be support, dynamic index is needed. An index range should be defined for multiple MTCHs.
Proposal 4: To support multiplexing of MTCHs, a range of LCID should be defined.

Issue 1, 2, and 3 construct the mapping and scheduling method for MBS session. An example is shown in Figure 1.


[bookmark: _Ref67658480]Figure 1 An example of mapping and scheduling method for MBS session
Issue 4: Support DRX for MBS reception.
In LTE SC-PTM, the benefit of applying DRX pattern for MBS reception and the general principles for the MBS DRX configuration has been discussed extensively as in [5]. When it comes to NR MBS, the need to support DRX pattern for MBS reception are same as LTE MBMS, therefore we have no reason to deviate from the general principle for DRX in SC-PTM.
Considering different service periodicity and data duration of different MBS sessions, the regulation that per G-RNTI DRX configuration in LTE SC-PTM is still valid and can be applicable to NR MBS. Meanwhile, DRX for MBS session should be independent to UE specific DRX similar to LTE SC-PTM.
Proposal 5: DRX for MBS session should be per G-RNTI configuration and independent to UE specific DRX in NR Rel-15/16.
The differences between NR PTM and LTE SC-PTM are:
· HARQ retransmission is supported in NR MBS PTM transmission but it is not supported in LTE SC-TPM.
· UE can receive MBS data by PDCCH with C-RNTI, such as for HARQ retransmission, and transmission from PTP RLC leg.
For example, in LTE SC-PTM, only two timers, i.e., onDurationTimerSCPTM or drx-InactivityTimerSCPTM are specified, If we condier retransmission in NR MBS PTM, other DRX timers, such as DL RTT timer and retransmission timer should be added.
However, the detailed scheduling and transmission mechanism have been discussed in RAN1, we can discuss other issues, such as additional DRX timers later.
Proposal 6: Other details of DRX for MBS session could be discussed after RAN1 reaches explicit progress in MBS service scheduling and transmission.
Issue 5: Support SPS group-common PDSCH for MBS for RRC_CONNECTED UEs
RAN1 has agreed to support SPS group-common PDSCH for MBS for RRC_CONNECTED UEs, and for RRC_CONNECTED UE supporting MBS, support up to 8 configured SPS configurations in a BWP of a serving cell for unicast and MBS in total. It is up to gNB implementation to configure the SPS configuration indexes for unicast and MBS, respectively [6]. However, the detailed SPS configuration and the related UE capability are still discussed and to be determined further by RAN1.
RAN2’ work on SPS may mainly focus on stage-3 aspects which rely on RAN1 further conclusion on the detailed SPS configuration. So we should wait for RAN1 further progress on SPS.
Proposal 7: RAN2 should wait for further conclusion from RAN1 on detailed SPS configuration.
The LS sent from RAN1 [2] has made the following agreement regarding G-CS-RNTI:
	Agreement:
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.


And RAN1 seeks answers from RAN2 regarding the following question 2:
Question 2: Whether RAN1 should consider the case of UE supporting multiple G-CS-RNTIs?
[bookmark: _GoBack]Since we support multiple G-RNTIs for different MBS services, it is also the simplest way that UE supporting multiple G-CS-RNTIs, and each G-CS-RNTI can be distributed to one SPS configuration which is correlated to one MBS service. Then the UEs interest in the specific MBS service could decode the service, and the UEs do not interest in the service could omit it. Therefore it is proposed UE to support multiple G-CS-RNTIs.
Proposal 8: UE supporting multiple G-CS-RNTIs should be considered.
Issue 6: Simultaneous operation with unicast reception
How to define the common frequency resource for MBS transmission will significantly impact the solution on the support simultaneous reception of unicast and multicast.
For the common frequency resource (CFR) for PTM transmission, RAN1 has made a working assumption the common frequency resource for group-common PDCCH / PDSCH is confined within the frequency resource of a dedicated unicast BWP, which will ease the simultaneous reception of unicast and multicast in the same slot. And RAN1 agreed that One CFR is supported per dedicated unicast BWP for multicast of RRC-CONNECTED UEs [6]. Whether more than one CFR is supported per dedicated unicast BWP, and whether multicast can be supported or not in a dedicated unicast BWP when no CFR is configured for that BWP are FFS.
This issue about how the common frequency resource is defined as an MBS specific BWP is to be decided by RAN1further. And this will prevent RAN2 to discuss the detailed configuration in RRC signaling for the common frequency resource (e.g. MBS specific BWP), so RAN2 should still wait for RAN1 conclusion on the MBS specific BWP.
RAN2 cannot proceed on aspects related to BWP with these undecided aspects. Therefore we should wait for further conclusion from RAN1 on BWP.
Proposal 9: RAN2 should wait for further conclusion from RAN1 on MBS specific BWP.
[bookmark: OLE_LINK11][bookmark: OLE_LINK10][bookmark: OLE_LINK88][bookmark: OLE_LINK89]Conclusion
[bookmark: OLE_LINK58][bookmark: OLE_LINK59][bookmark: OLE_LINK60][bookmark: OLE_LINK47][bookmark: OLE_LINK48]According to the analysis in section 2, we propose:
Proposal 1: Apply one to one mapping between group-common RNTI (G-RNTI) and MBS session as SC-PTM in LTE.
Proposal 2: Support multiple to one mapping between MBS QoS flows and MBS radio bearer.
Proposal 3: Support multiplexing of MTCHs belonging to a MBS session in one MAC PDU.
Proposal 4: To support multiplexing of MTCHs, a range of LCID should be defined.
Proposal 5: DRX for MBS session should be per G-RNTI configuration and independent to UE specific DRX in NR Rel-15/16.
Proposal 6: Other details of DRX for MBS session could be discussed after RAN1 reaches explicit progress in MBS service scheduling and transmission.
Proposal 7: RAN2 should wait for further conclusion from RAN1 on detailed SPS configuration.
Proposal 8: UE supporting multiple G-CS-RNTIs should be considered.
Proposal 9: RAN2 should wait for further conclusion from RAN1 on MBS specific BWP.
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