
3GPP TSG-RAN WG2 Meeting #114 electronic            
                   R2-2105287
E-Meeting, 19 May - 27 May 2021                                          
Source:
vivo

Title:
Group Scheduling for MBS 

Agenda Item:
8.1.2.4

Document for:
Discussion and Decision

1. 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.

In this contribution, we aim at analysis and proposals on group scheduling for MBS in terms of basic scheme (e.g. group common RNTI assignment), UE capability, and group DRX operation.
2. Discussion

1.1. Basic scheme of group scheduling 

Group common RNTI assignment:
To significantly increase the resource/radio efficiency, the PTM transmission scheme (i.e. group scheduling) is supported to enable multiple UEs to receive the multicast/broadcast service data via group common resources. Specifically, the following two PTM transmission schemes are investigated for NR MBS, according to the RAN1 agreements achieved in RAN1#103-e [2].
	· 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. This scheme can also be called group-common PDCCH based group scheduling scheme.

· PTM transmission scheme 2: For RRC_CONNECTED UEs in the same MBS group, use 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. This scheme can also be called UE-specific PDCCH based group scheduling scheme


From the RAN2 perspective, it is worthy to discuss how to differentiate the MBS service(s) via G-RNTI. Generally, similar to the LTE SC-PTM mechanism, different MBS service is supposed to be associated with different g-RNTI (i.e. 1-to-1 mapping). This is because it helps to avoid UE to receive non-interested services. In another word, from the perspective of configuration signaling structure, MBS session (identified by TMGI) should be associated with one G-RNTI. Alternatively, it can be left to gNB implementation that multiple TMGIs are associated with the same G-RNTI, which might be good for the reduction of the complexity of PDCCH detection when a UE is interested in multiple multicast services.
Proposal 1: In NR MBS, the association between G-RNTI and TMGI can be 1-to-1 or 1-to-N.

To further facilitate PTM transmission, SPS group-common PDSCH for MBS for RRC_CONNECTED UEs was supported in RAN1#103-e meeting [2]. In addition, G-CS-RNTI was defined for SPS group-common PDSCH and activation/deactivation of SPS group-common PDSCH and PTM scheme 1 based dynamic retransmission in RAN1#104bis-e meeting [3]. Similar to G-RNTI, we have to also examine the association between CS-G-RNTI and MBS session. Based on the understanding on P1, it seems a spontaneous logic that the association between CS-G-RNTI and TMGI can be 1-to-1 or 1-to-N. 
Proposal 2: In NR MBS, the association between CS-G-RNTI and TMGI can be 1-to-1 or 1-to-N.

Furthermore, regarding G-RNTI and G-CS-RNTI, RAN1 had asked two questions in the LS [4]:
	RAN1 LS (i.e. R1-2104045) on G-RNTI and G-CS-RNTI for MBS
RAN1 seeks answers from RAN2 regarding the following questions:
Question 1: Whether RAN1 should consider the case of UE supporting multiple G-RNTIs?

Question 2: Whether RAN1 should consider the case of UE supporting multiple G-CS-RNTIs?


In our understanding, it is a usual/non-precluded case in NR that a UE is interested in and capable of multiple broadcast/multicast services, which is similar to LTE. In this sense, UE should support multiple G-RNTIs and/or G-CS-RNTIs for flexible and efficient scheduling. As for the maximum number of group common RNTIs that can be supported, RAN1/2 can futher study it in the stage-3. 
Proposal 3: Reply LS to RAN1 to confirm that UE can support multiple G-RNTIs and/or G-CS-RNTIs. (FFS the maximum number of RNTIs supported)
Multiplexing:
In the newest SA2 TR of MBS [4], 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 4: Multiplexing of data from PTM LCHs associated with 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 5: Multiplexing of data from PTP leg of MRBs and data from unicast DRBs is supported.

LCID:
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 6: The maximum number of MRBs/PTM LCHs associated with one G-RNTI should be specified, e.g. 2 or 4.

Proposal 7: The value of LCID for PTM leg should be specified in MAC spec, e.g. in the reserved values of current 6-bit LCID.

Proposal 8: 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 9: 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.

1.2. UE capability
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 10: 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 11: 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.

1.3. 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. Furthermore, short DRX cycle is a flexible feature for Uu DRX to cover different data arrival intervals. The starting and expiry of short DRX cycle have strong relationship with the previous packet reception. If we reuse short DRX cycle in broadcast mode, some UEs with poor link quality will suffer multiple short cycle missing when they can not receive the previous packet successfully, which is very bad experience. Secondly, broadcast services usually have low QoS requirement and single DRX cycle is enough.
Proposal 12: For broadcast service, the following DRX parameters can be baseline per TMGI level:

· mbs-drx-onDurationTimer;
· mbs-drx-InactivityTimer;
· mbs-drx-SlotOffset;
· 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.s
· The HARQ process ID and NDI indicated in DCI is used to associate the PTM scheme 1 and PTP transmitting the same TB.

For multicast services, RAN2 agreed that the first priority is to support UEs in RRC Connected state. For a Connected UE to receive multicast services, PTP leg of MRB may be configured and G-RNTI scheduled initial transmission and C-RNTI scheduling retransmission of the same TB may also be supported. In that case, if the UE is configured with two DRX patterns, i.e. one for unicast/C-RNTI, the other for multicast/G-RNTI. There would be a lot of interleaving behaviors between two DRX patterns, e.g. simultaneous monitoring C-RNTI and G-RNTI in the periods of multicast retransmission timer. Hence, a simple way is to configure a single DRX pattern to control both C-RNTI and G-RNTI(s) monitoring, i.e. no specific DRX pattern of multicast services for Connected UE. Current unicast DRX pattern is reused and it is left to smart gNB implementation how to configure DRX parameters to meet both requirements of unicast and multicast.
On the other contrary, separate DRX pattern for each G-RNTI means following LTE rules. Different multicast services will have separate monitoring patterns and UE does not need to monitor all of RNTIs in one active time.
From our understanding, a single DRX pattern for connected UE to receive both multicast and unicast services is preferable. RAN2 is kindly requested to discuss and decide it.
Proposal 13: RAN2 to decide whether a single DRX pattern, e.g. legacy unicast DRX pattern, is enough for Connected UE receiving multicast services, e.g. common DRX pattern for both C-RNTI and G-RNTI(s) monitoring.
3. Conclusion

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

Proposal 1: In NR MBS, the association between G-RNTI and TMGI can be 1-to-1 or 1-to-N.

Proposal 2: In NR MBS, the association between CS-G-RNTI and TMGI can be 1-to-1 or 1-to-N.

Proposal 3: Reply LS to RAN1 to confirm that UE can support multiple G-RNTIs and/or G-CS-RNTIs. (FFS the maximum number of RNTIs supported)
Proposal 4: Multiplexing of data from PTM LCHs associated with the same G-RNTI is supported.
Proposal 5: Multiplexing of data from PTP leg of MRBs and data from unicast DRBs is supported.

Proposal 6: The maximum number of MRBs/PTM LCHs associated with one G-RNTI should be specified, e.g. 2 or 4.

Proposal 7: The value of LCID for PTM leg should be specified in MAC spec, e.g. in the reserved values of current 6-bit LCID.

Proposal 8: The common value space of LCID for PTM legs should be reused by different G-RNTIs for both broadcast and multicast.

Proposal 9: 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 10: 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 11: 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 12: For broadcast service, the following DRX parameters can be baseline per TMGI level:

· mbs-drx-onDurationTimer;
· mbs-drx-InactivityTimer;
· mbs-drx-SlotOffset;
· mbs-drx-LongCycleStartOffset;
Proposal 13: RAN2 to decide whether a single DRX pattern, e.g. legacy unicast DRX pattern, is enough for Connected UE receiving multicast services, e.g. common DRX pattern for both C-RNTI and G-RNTI(s) monitoring.
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