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Introduction

MBS WID [1] has the following objectives: 

Specify RAN basic functions for broadcast/multicast for UEs in RRC_CONNECTED state [RAN1, RAN2, RAN3]:

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.

Specify support for dynamic change of Broadcast/Multicast service delivery between multicast (PTM) and unicast (PTP) with service continuity for a given UE [RAN2, RAN3]
Specify support for basic mobility with service continuity [RAN2, RAN3]

Assuming that the necessary coordination function (like functions hosted by MCE, if any) resides in the gNB-CU, specify required changes on the RAN architecture and interfaces, considering the results of the SA2 SI on Broadcast/Multicast (SP-190625) [RAN3]

Specify required changes to improve reliability of Broadcast/Multicast service, e.g. by UL feedback. The level of reliability should be based on the requirements of the application/service provided.[RAN1, RAN2]

Study the support for dynamic control of the Broadcast/Multicast transmission area within one gNB-DU and specify what is needed to enable it, if anything [RAN2, RAN3]
In this contribution, we aim at analysis and proposals on group scheduling for MBS.

Discussion

Basic scheme of group scheduling 

Group scheduling is an efficient method for broadcast/multicast service transmission. Group scheduling and unicast scheduling should use separate RNTI, e.g. g-RNTI and C-RNTI. It is better that different MBS service will have different g-RNTI to avoid UE to receive non-interested services multiplexed with its interested MBS services. Hence from the perspective of configuration signaling structure, TMGI should be allocated with only one G-RNTI. It can be left to gNB implementation that multiple TMGIs are allocated with the same G-RNTI.

Proposal 1: For NR MBS, G-RNTI allocation is 1-to-1 or 1-to-N mapping with TMGI.

It is a natural way to allocate a G-RNTI per cell level, i.e. consistent with C-RNTI in unicast. Although a specific MBS service would not be transmitted over entire frequency resources and its operation is likely associated with a specific BWP, G-RNTI per BWP may introduce G-RNTI confusing issue when a UE has interests or receives for multiple MBS services and is not good for flexible scheduling. For NR MBS, G-RNTI allocation is per cell not per BWP, i.e. similar with unicast.

Proposal 2: For NR MBS, G-RNTI allocation is per cell not per BWP, i.e. consistent with unicast.

In the newest SA2 TR of MBS [2], there are the following conclusions about QoS level support for Multicast and Broadcast communication services:
	The following principles are applied for normative work for multicast and broadcast communication services:

-
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.




Based on the above conclusion, RAN2 has 2 options for MBS QoS flow to MRB mapping:

Option 1: All QoS flows of an MBS session will be always mapped to one MRB;

Option 2: QoS flows of an MBS session can be mapped to multiple MRBs;

Option 1 is simpler but eliminates the meaning of supporting multiple QoS flows. In order to have differential treatment in Uu interface for different QoS flows, an MBS service named one TMGI should be able to be mapped to multiple MRBs. Hence in a MAC PDU, multiplexing of PTM LCHs belonging to the same TMGI/G-RNTI should be supported.
Proposal 3: In a MAC PDU, multiplexing of PTM LCHs belonging to the same G-RNTI is supported.

MBS service can be configured and scheduled into PTP leg by gNB implementation. Both PTP leg and unicast DRBs use same scheduling and transmission method. Hence multiplexing of PTP LCHs and unicast DRBs will give more resource efficiency

Proposal 4: In a MAC PDU, multiplexing of PTP LCHs and unicast DRBs is supported.

The following table is the current NR DL LCID allocation in TS38.321.

Table 6.2.1-1 Values of LCID for DL-SCH

	Codepoint/Index
	LCID values

	0
	CCCH

	1–32
	Identity of the logical channel

	33
	Extended logical channel ID field (two-octet eLCID field)

	34
	Extended logical channel ID field (one-octet eLCID field)

	35–46
	Reserved

	47
	Recommended bit rate

	48
	SP ZP CSI-RS Resource Set Activation/Deactivation

	49
	PUCCH spatial relation Activation/Deactivation

	50
	SP SRS Activation/Deactivation 

	51
	SP CSI reporting on PUCCH Activation/Deactivation

	52
	TCI State Indication for UE-specific PDCCH

	53
	TCI States Activation/Deactivation for UE-specific PDSCH

	54
	Aperiodic CSI Trigger State Subselection

	55
	SP CSI-RS/CSI-IM Resource Set Activation/Deactivation

	56
	Duplication Activation/Deactivation

	57
	SCell Activation/Deactivation (four octets)

	58
	SCell Activation/Deactivation (one octet)

	59
	Long DRX Command

	60
	DRX Command

	61
	Timing Advance Command

	62
	UE Contention Resolution Identity

	63
	Padding


In LTE SC-PTM, there is a specific LCID value (i.e. 11001) for both SC-MCCH and SC-MTCH, which is separate from Identity of the logical channel. Actually, MBS PTM leg and unicast DRB are scheduled with different RNTI, i.e. G-RNTI and C-RNTI. The PTM LCID can have same or different value space with the unicast DRBs, e.g. in the above Reserved period, FFS for the identity of logical channel or even the extended logical channel ID period. Extended logical channel ID is optional for UEs. For broadcast services, it is reasonable that use the above Reserved period or the identity field of logical channel since not all UE can support extended logical channel ID. For multicast services, UEs may be required to enter RRC Connected Mode to receive MBS configuration and data. Hence there may be possibility to use extended logical channel ID period as PTM LCID for multicast. But if broadcast is specified to use 35-38 as default PTM LCID, it is a natural way to use the same period for multicast PTM LCID based on G-RNTI differentiation. 

The maximum number of LCHs belonging to one G-RNTI may be more than one. This number should be specified. Considering that the maximum number of SRBs and DRBs for unicast multiple services is 32 and a video streaming service may have three QoS flows, the maximum number of LCHs for one MBS service may be 2 or 4. If a maximum value of 8 is considered, the LCID space requirement is a little larger. 

The common value space of LCID for PTM leg should be reused by all G-RNTIs since different TMGIs can use different G-RNTI to be differentiated with each other. Each G-RNTI can be configured as needed with a number of PTM LCIDs, i.e. no more than the maximum one. 

Proposal 5: The maximum number of LCHs belonging to one G-RNTI should be specified, e.g. 2 or 4.

Proposal 6: The value of LCID for PTM leg should be specified in MAC spec, e.g. in the reserved period of current 6-bit LCID.

Proposal 7: The common value space of LCID for PTM legs should be reused by different G-RNTIs for both broadcast and multicast.

When a UE is configured with PTM leg and PTP leg for an MBS service simultaneously, it needs to clarify what is the relationship between these PTM LCIDs and PTP LCIDs. The LCH number of PTP and PTM belonging to same MBS service should be same and one-to-one mapping because they have common PDCP entity and need to be switched dynamically.
The next question is where the LCID value space of PTP leg is located, e.g. in the current identity of DRBs or not, same or different from PTM LCID value and so on. From our understanding, it is difficult to always maintain same LCID value for PTP and PTM leg since the PTM legs of different MBS services have common LCID space. If a UE has two or more than two interested MBS services with configured PTP and PTM legs, only one of MBS services may have same LCID values between its PTM legs and PTP legs and others must have different LCID values.

In principle, the values of LCID for MBS PTP legs can be configured in the periods of LCID for DRBs, PTM LCIDs or even extended LCIDs. Extended LCID value configuration can be based on UE capability report. And the LCID value for one MBS PTP leg must be different from the one of unicast DRBs or other MBS PTP legs. Each UE can have UE-specific LCID value allocation for PTP leg. Detailed configuration can be left to network implementation.

Furthermore, if a UE who can not support extended LCID function wants to support multiple MBS services and unicast services, the situation that LCID value space is not enough can exist. The network can give up some service configurations based on UE priority report between unicast and MBS services.
Proposal 8: The LCHs of PTM leg and PTP leg belonging to the same MRB must be one-to-one mapping.

Proposal 9: The LCID value of PTM leg and PTP leg belonging to the same MRB may be same or different decided by each UE’s dedicated PTP configurations.

Proposal 10: The LCID value configuration of PTP leg is left to network implementation based on UE capability, which may be in the value scope of PTM LCIDs, extended LCIDs or even unicast DRB LCIDs.

UE capabilities 

From the perspective of UE simultaneous reception capability, there may be two types of UEs: support simultaneous reception of unicast and multicast scheduling/transmission in the same slot (i.e. called simultaneous reception capable UE) or only support in different slots (i.e. called non-simultaneous reception capable UE). For simultaneous reception capable UE, there will be no restriction between unicast scheduling and multicast scheduling, e.g. NW can schedule UE whenever unicast or multicast is needed. But for non-simultaneous reception capable UE, there will be the restriction that unicast and multicast can not be scheduled in the same slot. NW needs to avoid unicast scheduling in the multicast active time pattern. Hence NW needs to be informed whether UE supports reception of unicast and multicast in the same slot or not.

Furthermore, in the case of receiving multiple MBS services, it is natural that the number of MBS services reported in the MBS Interest Indication cannot exceed the UE capability of simultaneous reception. It is not needed to introduce separate UE simultaneous reception capability indicator between unicast and each multicast service, which is more complex and useless. Only one indicator for simultaneous reception capability between unicast and all of multicast is enough.

Proposal 11: Each MBS-capable UE needs to report its simultaneous reception capability to NW, i.e. whether to support reception of unicast and multicast(s) in the same slot or not.

From UE side, simultaneous reception capable UE can simultaneously monitor two or more RNTIs, i.e. C-RNTI and g-RNTI(s), according to unicast and multicast DRX patterns respectively, if configured. Non-simultaneous reception capable UE can monitor its g-RNTI(s) according to the multicast DRX pattern(s) and monitor its C-RNTI according to the unicast DTX pattern. When collision of two active time of unicast and multicast DRX patterns occurs, UE will monitor the service with higher priority reported in MBS Interest Indication, i.e. unicast or multicast prioritized.

Proposal 12: For non-simultaneous reception capable UE, when the active time collision between unicast and multicast occurs, the one with higher priority reported in MBS Interest Indication, i.e. unicast or multicast, will be monitored by UE.

Group DRX 

According to the characteristics of MBS services, each service may be configured with a DRX pattern for its g-RNTI monitoring for the purpose of powering saving. 

About DRX parameters, there are three types of parameters in Uu: basic DRX parameters, HARQ related parameters and optional short cycle parameters. The first one is mandatory for all DRX configuration. The second one is only needed in the case of HARQ enabling, which is mandatory for Uu DRX because of always HARQ enabling in Uu. The third one is optional, e.g. short cycle related parameters. Detailed Uu DRX parameters include the followings:

Type 1: basic DRX parameters: (mandatory for Uu DRX)
-
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;

Type 2: HARQ related DRX parameters: (mandatory for Uu DRX)
-
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;

Type 3: optional short cycle parameters: (optional for Uu DRX)
-
drx-ShortCycle (optional): the Short DRX cycle;

-
drx-ShortCycleTimer (optional): the duration the UE shall follow the Short DRX cycle;

In our view, Uu DRX parameters and operations can be baseline for MBS DRX and MBS DRX will be separately considered for the cases of HARQ enabling and HARQ disabling.

Proposal 13: For MBS service, the following DRX parameters can be baseline:

mbs-drx-onDurationTimer;
mbs-drx-InactivityTimer;
mbs-drx-SlotOffset;
mbs-drx-LongCycleStartOffset;
Optional for mbs-drx-ShortCycle and mbs-drx-LongCycleStartOffset;
RAN1 had discussed HARQ feedback mechansims of multicast services for RRC_CONNECTED UE and agreed that PTM initial transmission and PTP retransmission is supported as follows:

Agreement:
For RRC_CONNECTED UEs, if ACK/NACK based HARQ-ACK feedback is supported for PTM scheme 1, and if initial transmission for multicast is based on PTM transmission scheme 1, support retransmission(s) using PTP transmission.

The HARQ process ID and NDI indicated in DCI is used to associate the PTM scheme 1 and PTP transmitting the same TB.

Hence, HARQ related DRX timer is needed for HARQ enabling case.
Proposal 13a: For MBS service with HARQ feedback enabling, besides for P13, the following DRX parameters can be further supplementary as baseline:

mbs-drx-RetransmissionTimerDL;
mbs-drx-HARQ-RTT-TimerDL;
Conclusion

In this contribution, we give analysis and solutions on group scheduling.  Based on the discussion, we have the following proposals:

Proposal 1: For NR MBS, G-RNTI allocation is 1-to-1 or 1-to-N mapping with TMGI.

Proposal 2: For NR MBS, G-RNTI allocation is per cell not per BWP, i.e. consistent with unicast.

Proposal 3: In a MAC PDU, multiplexing of PTM LCHs belonging to the same G-RNTI is supported.

Proposal 4: In a MAC PDU, multiplexing of PTP LCHs and unicast DRBs is supported.

Proposal 5: The maximum number of LCHs belonging to one G-RNTI should be specified, e.g. 2 or 4.

Proposal 6: The value of LCID for PTM leg should be specified in MAC spec, e.g. in the reserved period of current 6-bit LCID.

Proposal 7: The common value space of LCID for PTM legs should be reused by different TMGI/G-RNTIs for both broadcast and multicast.

Proposal 8: The LCHs of PTM leg and PTP leg belonging to the same MRB must be one-to-one mapping.

Proposal 9: The LCID value of PTM leg and PTP leg belonging to the same MRB may be same or different decided by each UE’s dedicated PTP configurations.

Proposal 10: The LCID value configuration of PTP leg is left to network implementation based on UE capability, which may be in the value scope of PTM LCIDs, extended LCIDs or even unicast DRB LCIDs.

Proposal 11: Each MBS-capable UE needs to report its simultaneous reception capability to NW, i.e. whether to support reception of unicast and multicast(s) in the same slot or not.

Proposal 12: For non-simultaneous reception capable UE, when the active time collision between unicast and multicast occurs, the one with higher priority reported in MBS Interest Indication, i.e. unicast or multicast, will be monitored by UE.

Proposal 13: For MBS service, the following DRX parameters can be baseline:

mbs-drx-onDurationTimer;
mbs-drx-InactivityTimer;
mbs-drx-SlotOffset;
mbs-drx-LongCycleStartOffset;
Optional for mbs-drx-ShortCycle and mbs-drx-LongCycleStartOffset;
Proposal 13a: For MBS service with HARQ feedback enabling, besides for P13, the following DRX parameters can be further supplementary as baseline:

mbs-drx-RetransmissionTimerDL;
mbs-drx-HARQ-RTT-TimerDL;
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