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1	Introduction
In this paper we discuss various aspects of group scheduling. We address an FFS from previous meeting on the multiplexing of logical channels in a MAC PDU. We also summarize the assumptions made on PHY and propose to inform RAN1 about these assumptions.
[bookmark: _Ref178064866]2	Discussion
The current MAC specification is written implicitly assuming a one-to-one relation between the network MAC Entity and the UE MAC Entity. This one-to-one relation can be said to be part of the DRB. Analysing the MAC layer in the context of a group scheduled MRB with a one-to-many relation we try to see what parts can be reused and what parts must be updated to support the MRB.
High-level MAC functionalities like multiplexing, channel mapping, priority handling etc, are also to be applicable in the context of group scheduling with an MRB. For example, we think multiplexing of multiple RLC bearers in a single MAC PDU provides useful flexibility. Also, having the opportunity to include MAC-related signalling using MAC CEs can also be useful. The function of multiplexing is supported by the LCID field in the MAC subheader. We have not identified any additional functions necessary for the MRB which would impact the subheader or PDU format. Thus, the MRB can reuse the PDU format for DL-SCH, as described in clause 6.1.2 in TS 38.321.
[bookmark: _Toc61524949]The MAC PDU format and corresponding subheaders for the MRB are the same as for DL-SCH.
Support for the eLCID is optional for UEs. We think it is not necessary to mandate this functionality for all UEs supporting MBS. Should the network want to make use of this field, and its corresponding subheader format, the network has to ensure all intended UEs can support it. On the other hand, RAN2 could come back to this issue later in the work. It is important to think about how the UEs should handle MAC PDUs with unknown fields.
[bookmark: _Toc61524950]RAN2 to address the issue of conditional or mandatory support for eLCID for UEs supporting MBS.
2.1	Channel mapping
LTE MAC has a separate transport channel (MCH) for multicast traffic. The two logical channels MCCH and MTCH both map to this transport channel. In LTE, each transport channel has a separate LCID space. For NR MBS we think there is no need for a separate transport channel, and instead DL-SCH can be used also for multicast traffic. In fact, for soft combining across PTM and PTP leg to work, the LCID of the PDU must be the  same, and thus it is reasonable to also have the same LCID space for PTM and PTP and map all multicast traffic to DL-SCH.
[bookmark: _Toc61524951]Multicast traffic channel (tentative name "M-MTCH") is mapped to the transport channel DL-SCH.
We think it is not yet clear to introduce a multicast control channel (e.g. "M-MCCH"), but should one be introduced, we think it could also be mapped to DL-SCH. Although broadcast is out of scope for this paper, if there is a need for a separate traffic channel (e.g. "B-MTCH") it could also be mapped to DL-SCH. It should be noted that channel mapping is not impacted by RRC state.
[image: ]
Figure 2 – Proposed channel mapping for MBS.
2.2	FFS on multiplexing of logical channels
At RAN2#112 the topic of logical channel multiplexing/demultiplexing was discussed, resulting in the following FFS:
FFS for PTM if multiplexing/de-multiplexing of different logical channels are to be supported in MAC for NR MBS.

We can split this FFS in two sub-problems:
1. Multiplexing of multiple MRBs in one MAC PDU using G-RNTI
2. Multiplexing of MRBs and DRBs in one MAC PDU using C-RNTI
We think multiplexing of multiple MRBs in one MAC PDU using G-RNTI can be useful. At least, we see no big gain in removing this feature from how MAC is defined today. If this feature is removed, there has to be a one-to-one mapping between G-RNTI and MRB for the demultiplexing to work. Thus, if a UE should receive multiple MRBs, it has to have multiple G-RNTIs. We think this is not a feasible design as it increases scheduling complexity. It is better to retain the multiplexing also for MAC PDUs using G-RNTI. 
Related to the second problem we explained above that both M-MTCH (the MRBs) and the DTCH (the DRBs) are mapped to DL-SCH. Correspondingly they share LCID space, implying they have unique LCIDs for the de-multiplexing to work in the UE. As all the components to support multiplexing of MRBs and DRBs on MAC PDUs using C-RNTI and since multiplexing of LCHs are freely supported in legacy unicast, we see no reason not to support it here. This is different compared to SC-PTM which does not allow for multiplexing of SC-MTCH and other logical channels in the same MAC PDU. In a sense, even though SC-MTCH is mapped to DL-SCH this restriction in multiplexing can be interpreted as SC-MTCH in reality is mapped to a DL-SCH of its own. 
[bookmark: _Toc61524952]Multiplexing of multiple MRBs in one MAC PDU using G-RNTI is supported.
[bookmark: _Toc61524953]Multiplexing of MRBs and DRBs in one MAC PDU using C-RNTI is supported.
2.3	Mapping between MBS sessions and G-RNTI
Mapping between MBS session and G-RNTI is also an open question. As we prefer the network to flexibly decide the multiplexing of MRBs in a MAC PDU, we think there is no need to mandate a 1:1 mapping between G-RNTI and MBS session. A 1:1 mapping benefits the power consumption in the UE as it ensures the UE does not need to receive and decode MBS sessions it is not part of. On the other hand, it can create a very tricky scheduling problem for the network as some UEs will be configured with few G-RNTIs and some will be configured with many G-RNTIs. Managing all the restrictions while keeping delay short and efficiency high will be difficult for the network. The simplest view from the network complexity perspective would probably be to only have one G-RNTI and MRB per cell, which is the other extreme of the spectrum. We do not think there is a need for the specification to have any restriction in either direction, instead the best configuration can be decided by the network at runtime which leads to the following proposals:
[bookmark: _Toc61524954]The UE can be configured with one or multiple G-RNTIs.
[bookmark: _Toc61524955]A G-RNTI can map to 1 or several MBS sessions.
It should be noted that the above discussion assumes that a UE can be part of more than one active MBS session at any point in time, that gNBs can transmit more than one MBS session at the time, and that a UE can receive more than one MBS session at the time. RAN2 should discuss and confirm any restrictions to the number of MBS sessions a UE can join and receive simultaneously and correspondingly the number of MBS sessions the gNB can simultaneously serve.
[bookmark: _Toc61524956]RAN2 to discuss and confirm any restrictions to the number of MBS sessions a UE can join and simultaneously receive and correspondingly the number of MBS sessions the gNB can simultaneously serve.
2.4	Support for DRX on G-RNTI
DRX is a key feature for power saving in the UE. It allows the UE to stop monitoring PDCCH during periods of time when there is no data activity, thereby saving power. The DRX function consists of two parts. The static part consists of known durations the UE will monitor PDCCH in order for the network to schedule it. On top of this a dynamic part is added which adapts the UE's monitoring of PDCCH depending on the traffic. As DRX is a fundamental component to save UE power, it should also be supported for monitoring of the G-RNTI.
[bookmark: _Toc61524957]DRX is supported for monitoring of G-RNTI on PDCCH.
In LTE there is one DRX operation for unicast traffic and one DRX operation for each G-RNTI/SC-MTCH. There is a difference in the unicast DRX operation and the SC-PTM DRX operation in that the latter applies both for RRC_IDLE and RRC_CONNECTED and the latter lacks DRX short cycle functionality and functionality related to HARQ timers and retransmission timers. SC-PTM was designed for services with predictable characteristics (inter-arrival time, packet sizes etc) so this simplification compared to unicast DRX operation was justified. The UE simply receives the transmissions and there is no HARQ feedback for example. 
The first question for DRX support for NR MBS should be if the existing DRX operation is sufficient or if there is need to introduce another DRX operation for monitoring of the G-RNTI(s). NR MBS will have some support for HARQ, so it is not possible to copy the LTE SC-PTM solution. If the UE can only be configured with a single DRX configuration, then the on duration for all UEs interested configured with an MRB have to be aligned. This is not wanted behaviour as the corresponding DRBs of the UEs have to be handled during the same duration. Thus having DRX configurations specifically for MRBs is appropriate. 
[bookmark: _Toc61524958]Introduce MBS-specific DRX configuration, one per G-RNTI.
Secondly the question arises about the properties of the MBS-specific DRX configuration. Unicast DRX is controlled by the following parameters and MAC CEs. The table includes the usefulness to MBS DRX.
	Parameter name
	Explanation
	Useful to MBS DRX

	drx-onDurationTimer
	The duration at the beginning of a DRX cycle
	Yes

	drx-SlotOffset
	The delay before starting the drx-onDurationTimer
	Yes

	drx-InactivityTimer
	The duration after the PDCCH occasion in which a PDCCH indicates a new UL or DL transmission for the MAC entity
	Yes

	drx-RetransmissionTimerDL
	The maximum duration until a DL retransmission is received
	No, not necessary

	drx-RetransmissionTimerUL
	The maximum duration until a grant for UL retransmission is received
	No, as there are no UL grants.

	drx-LongCycleStartOffset
	The Long DRX cycle and drx-StartOffset which defines the subframe where the Long and Short DRX cycle starts
	Yes

	drx-ShortCycle
	The Short DRX cycle
	No, not necessary

	drx-ShortCycleTimer
	The duration the UE shall follow the Short DRX cycle
	No, not necessary

	drx-HARQ-RTT-TimerDL
	The minimum duration before a DL assignment for HARQ retransmission is expected by the MAC entity
	No, not necessary

	drx-HARQ-RTT-TimerUL
	The minimum duration before a UL HARQ retransmission grant is expected by the MAC entity
	No, as there are no UL grants.

	ps-Wakeup 
	The configuration to start associated drx-onDurationTimer in case DCP is monitored but not detected
	No, not necessary

	ps-TransmitOtherPeriodicCSI
	The configuration to report periodic CSI that is not L1-RSRP on PUCCH during the time duration indicated by drx-onDurationTimer in case DCP is configured but associated drx-onDurationTimer is not started
	No, not necessary

	ps-TransmitPeriodicL1-RSRP
	The configuration to transmit periodic CSI that is L1-RSRP on PUCCH during the time duration indicated by drx-onDurationTimer in case DCP is configured but associated drx-onDurationTimer is not started.
	No, not necessary

	DRX command MAC CE
	MAC CE which puts the UE in DRX
	Yes

	Long DRX command MAC CE
	MAC CE which puts the UE in Long DRX if short DRX is configured
	No, not necessary


Table 1 – Parameters and MAC CEs related to DRX configuration
[bookmark: _Toc61524959]The MBS DRX operation supports the parameters listed in Table 1 and the baseline is that they operate (actions for start/stop/expiry etc) similar to Unicast DRX operation.
2.5	Assumptions
One assumption we make in this analysis is that the UE (once configured) monitors PDCCH and does so for both G-RNTI and C-RNTI. We understand RAN1 is working with "group-common PDCCH" for G-RNTI and "UE-specific PDCCH" for C-RNTI. Exactly how simultaneous and parallel (e.g. slot-level, symbol-level) this monitoring needs to be can be left for RAN1 to determine. We assume a HARQ transmission on UE-specific PDCCH uses the same HARQ processes as a HARQ transmission on group-common PDCCH (assuming both transmissions are on the same cell). Making this assumption allows for a retransmission of a MAC PDU on C-RNTI which was originally transmitted with G-RNTI. 
For MAC it is assumed that the UE can receive some transport blocks scrambled with C-RNTI followed by some transport blocks scrambled with G-RNTI and vice versa without any prior explicitly signalled "switch". We think such an assumption is reasonable to make given that a legacy UE could monitor for both C-RNTI and CS-RNTI for example. We also recognize that there might be some timing requirements and scheduling restrictions between transmissions of transport blocks with G-RNTI and C-RNTI, but also this topic is for RAN1 to study. 
We think it would be beneficial for the collaboration between RAN1 and RAN2 to spell out the assumptions MAC makes on PHY and then share these assumptions with RAN1.
[bookmark: _Toc61524960]Send an LS to RAN1 stating the assumptions RAN2 makes on the PHY.
3	Proposed LS to RAN1

3GPP TSG-RAN WG2 #113-e	TD
Electronic meeting, January 25th – February 5th 2021

Title:	[DRAFT] LS on Assumptions related to MBS made on PHY from higher layers
Response to:	N/A
Release:	Rel-17
Work Item:	NR_MBS-Core

Source:		Ericsson (RAN2)
To:			RAN1
Cc:			-

Contact Person:	
Name:	Mats Folke
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E-mail Address:	mats.folke@ericsson.com

Send any reply LS to:	3GPP Liaisons Coordinator, mailto:3GPPLiaison@etsi.org 	

Attachments:	None


1. Overall Description:
RAN2 would like to keep RAN1 updated of the progress of the work in RAN2. Following discussions, RAN2 has concluded on the following assumptions on PHY made by higher layers:
The UE (once configured) monitors PDCCH and does so for both G-RNTI and C-RNTI. We understand RAN1 is working with "group-common PDCCH" for G-RNTI and "UE-specific PDCCH" for C-RNTI. Exactly how simultaneous and parallel (e.g. slot-level, symbol-level) this monitoring needs to be can be left for RAN1 to determine. RAN2 assume a HARQ transmission on UE-specific PDCCH uses the same HARQ processes as a HARQ transmission on group-common PDCCH (assuming both transmissions are on the same cell). Making this assumption allows for a retransmission of a MAC PDU on C-RNTI which was originally transmitted with G-RNTI. RAN2 sees this function as a way to improve reliability.
For MAC it is assumed that the UE can receive some transport blocks scrambled with C-RNTI followed by some transport blocks scrambled with G-RNTI and vice versa without any prior explicitly signalled "switch". We think such an assumption should not introduce too much added UE complexity given that a legacy UE could monitor for both C-RNTI and CS-RNTI for example. 
RAN2 also recognize that there might be some timing requirements and scheduling restrictions between transmissions of transport blocks with G-RNTI and C-RNTI, but also this topic is for RAN1 to study. 

2. Actions:
To RAN1 group.
ACTION: 	RAN2 ask RAN1 to take these assumptions into account when developing PHY. If any of these assumptions does not suit the current PHY design RAN2 would like to be informed.

3. Date of Next RAN2 Meetings:
RAN2#113-bis-e 	12th – 20th April 2021			Electronic meeting
[bookmark: _GoBack]RAN2#114-e 	19th – 27th May 2021			Electronic meeting
4	Conclusion
Based on the discussion in the previous sections we propose the following:
Proposal 1	The MAC PDU format and corresponding subheaders for the MRB are the same as for DL-SCH.
Proposal 2	RAN2 to address the issue of conditional or mandatory support for eLCID for UEs supporting MBS.
Proposal 3	Multicast traffic channel (tentative name "M-MTCH") is mapped to the transport channel DL-SCH.
Proposal 4	Multiplexing of multiple MRBs in one MAC PDU using G-RNTI is supported.
Proposal 5	Multiplexing of MRBs and DRBs in one MAC PDU using C-RNTI is supported.
Proposal 6	The UE can be configured with one or multiple G-RNTIs.
Proposal 7	A G-RNTI can map to 1 or several MBS sessions.
Proposal 8	RAN2 to discuss and confirm any restrictions to the number of MBS sessions a UE can join and simultaneously receive and correspondingly the number of MBS sessions the gNB can simultaneously serve.
Proposal 9	DRX is supported for monitoring of G-RNTI on PDCCH.
Proposal 10	Introduce MBS-specific DRX configuration, one per G-RNTI.
Proposal 11	The MBS DRX operation supports the parameters listed in Table 1 and the baseline is that they operate (actions for start/stop/expiry etc) similar to Unicast DRX operation.
Proposal 12	Send an LS to RAN1 stating the assumptions RAN2 makes on the PHY.
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