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Introduction
RAN2 received an LS from RAN1 [2] with the following:
	RAN1 would also like to ask RAN2 to consider capturing the following RAN1 agreements on handling of transmission and reception of channels during cell DTX/DRX operation in appropriate RAN2 specifications.
· From RAN1 #115
· UE transmits a subset of the repetitions in a CG bundle that do not overlap with the cell DRX non-active period.
· From RAN1 #116
· UE transmit a subset of the repetitions of a PUCCH with SR and/or P/SP-CSI that do not overlap with the cell DRX non-active period.
· [bookmark: _Hlk162363634]UE receives a subset of the repetitions of a SPS PDSCH that do not overlap with the cell DTX non-active period.
RAN1 respectfully asks RAN2 to consider the above in the specification development of Rel-18 network energy savings. 



This contribution discusses this LS and its handling from the MAC specification perspective.
Discussion
Issue 1: CG repetition bundle partially overlapping with cell DRX active period.
Handling of CG repetitions that partially overlap with cell DRX active period was briefly discussed online in R2#125 and also in the R2#124 premeeting email discussion -discussion copied into Annex A below-. In these discussions, there were different views expressed regarding MAC handling of repetitions. 
From a MAC perspective, a CG transmission bundle is delivered to the HARQ entity if it does not overlap with a DG or a grant received part of the RA procedure, per the following specified in section 5.4.1 of [7]: 
	For each Serving Cell and each configured uplink grant, if configured and activated, the MAC entity shall:
1>	if the MAC entity is configured with lch-basedPrioritization, and the PUSCH duration of the configured uplink grant does not overlap with the PUSCH duration of an uplink grant received in a Random Access Response or with the PUSCH duration of an uplink grant addressed to Temporary C-RNTI or the PUSCH duration of a MSGA payload for this Serving Cell; or
1>	if the MAC entity is not configured with lch-basedPrioritization, and the PUSCH duration of the configured uplink grant does not overlap with the PUSCH duration of an uplink grant received on the PDCCH or in a Random Access Response or the PUSCH duration of a MSGA payload for this Serving Cell:
2>	set the HARQ Process ID to the HARQ Process ID associated with this PUSCH duration;
2>	if, for the corresponding HARQ process, the configuredGrantTimer is not running and cg-RetransmissionTimer is not configured and cg-SDT-RetransmissionTimer is not configured (i.e. new transmission):
3>	if there is an on-going CG-SDT procedure and PDCCH addressed to the MAC entity's C-RNTI has been received; or
3>	if there is no on-going CG-SDT procedure:
4>	consider the NDI bit for the corresponding HARQ process to have been toggled;
4>	deliver the configured uplink grant and the associated HARQ information to the HARQ entity.


in section 5.4.2.1, a TB is obtained for a CG HARQ process once the process ID is identified:
	[bookmark: _Toc52752015][bookmark: _Toc52796477][bookmark: _Toc139032258]5.4.2	HARQ operation
[bookmark: _Toc29239836][bookmark: _Toc37296195][bookmark: _Toc46490321][bookmark: _Toc52752016][bookmark: _Toc52796478][bookmark: _Toc139032259]5.4.2.1	HARQ Entity
The MAC entity includes a HARQ entity for each Serving Cell with configured uplink (including the case when it is configured with supplementaryUplink), which maintains a number of parallel HARQ processes.
[omitted]
If REPETITION_NUMBER > 1, after the first transmission within a bundle, at most REPETITION_NUMBER – 1 HARQ retransmissions follow within the bundle. For both dynamic grant and configured uplink grant, and uplink grant received in a MAC RAR bundling operation relies on the HARQ entity for invoking the same HARQ process for each transmission that is part of the same bundle. Within a bundle, HARQ retransmissions are triggered without waiting for feedback from previous transmission according to REPETITION_NUMBER for a dynamic grant or configured uplink grant or uplink grant received in a MAC RAR unless they are terminated as specified in clause 6.1 of TS 38.214 [7]. Each transmission within a bundle is a separate uplink grant delivered to the HARQ entity.
For each transmission within a bundle of the dynamic grant or uplink grant received in a MAC RAR, the sequence of redundancy versions is determined according to clause 6.1.2.1 of TS 38.214 [7]. For each transmission within a bundle of the configured uplink grant, the sequence of redundancy versions is determined according to clause 6.1.2.3 of TS 38.214 [7].
For each uplink grant, the HARQ entity shall:
1>	identify the HARQ process associated with this grant, and for each identified HARQ process:
2>	if the received grant was not addressed to a Temporary C-RNTI on PDCCH, and the NDI provided in the associated HARQ information has been toggled compared to the value in the previous transmission of this TB of this HARQ process; or
[omitted]
2>	if the uplink grant is part of a bundle of the configured uplink grant, and may be used for initial transmission according to clause 6.1.2.3 of TS 38.214 [7], and if no MAC PDU has been obtained for this bundle:
3>	if there is a MAC PDU in the MSGA buffer and the uplink grant determined as specified in clause 5.1.2a for the transmission of the MSGA payload was selected; or
[omitted]
3>	else if the MAC entity is not configured with lch-basedPrioritization; or
3>	if this uplink grant is a prioritized uplink grant:
4>	obtain the MAC PDU to transmit from the Multiplexing and assembly entity, if any;



One can thus understand that the yellow highlighted text should be performed by the UE as long as one of the uplink grants within a CG repetition bundle is not in the cell DRX non-active period. Only during the non-active period, the UE is specified to not deliver the configured grant, per section 5.34.3 [7]:
	For each Serving Cell configured with cell DRX, the MAC entity shall:
1>	if cell DRX is activated and the Serving Cell is not in the cell DRX Active Period:
2>	not instruct the physical layer to signal a SR on a PUCCH resource for SR;
2>	not increment the SR_COUNTER for a SR;
2>	not start the sr-ProhibitTimer for a SR;
2>	not deliver any configured uplink grant and the associated HARQ information to the HARQ entity;
2>	not instruct a HARQ process associated with a configured uplink grant to trigger a new transmission or a retransmission;


Observation 1: 	UE delivers the uplink grant to the HARQ entity as long as one of the uplink grants within a CG repetition bundle is not in the cell DRX non-active period.
However, in the discussion in Annex A, one company had a different understanding of this text, whereby the CG bundle is not delivered to the HARQ entity if at least one CG occasion is not in the active period. Essentially, if the first CG occasion within the bundle is overlapped with the non-active cell DRX period, then the UE is does not deliver the CG including all of its repetitions.
The first step is therefore for RAN2 to agree on which understanding of existing specifications:
Proposal 1: 	RAN2 to discuss and agree on which of the following understandings of existing specifications for the UE behaviour during the cell DRX active period when a CG repetition bundle is partially overlapping, and the first CG occasion is not overlapped with the active period:
a) Per existing specifications, at the first CG occasion within a bundle that is not overlapped with the cell DRX non-active period, UE delivers the configured uplink grant and the associated HARQ information to the HARQ entity and the UE consider the NDI bit for the corresponding HARQ process to have been toggled. 
b) Per existing specifications, the CG is not delivered to the HARQ entity if at least one CG occasion is not in the active period or if the first CG occasion within the bundle is overlapped with the non-active cell DRX period.

If understanding (a) is confirmed, then no additional clarification is needed in MAC and the R1 agreement can be considered already captured from a MAC perspective. 
If understanding (b) is confirmed, then additional clarification is needed. TP suggestions are provided in Annex B and C. In the TP in Annex B, the whole sentence “2> not deliver any configured uplink grant and the associated HARQ information to the HARQ entity;” is removed, thus allowing the UE to deliver a configured grant to the HARQ entity regardless of cell DRX, but no harm done because the HARQ process is refrained from triggering a new CG transmission or retransmission during the non active period for the HARQ process associated with a configured grant, per existing text in 5.34.3 [7]. In the TP in Annex C, additional text is added to ensure that the UE delivers the CG bundle to the HARQ entity when a later part of it is overlapped with the cell DRX active period; the UE does not deliver the CG only if all the CG occasions within a bundle are completely contained in the cell DRX non-active period. 
Proposal 2: 	If understanding (a) of P1 is confirmed, no additional clarification in MAC specification is needed and the R1 agreement “UE transmits a subset of the repetitions in a CG bundle that do not overlap with the cell DRX non-active period.” can be considered already captured. Otherwise agree to the TP in Annex B or C.

Issue 2: SPS repetition bundle partially overlapping with cell DTX active period.
RAN1 agreed that “UE receives a subset of the repetitions of a SPS PDSCH that do not overlap with the cell DTX non-active period.” However, per section 5.34.2, the following is specified [7]:
	For each Serving Cell configured with cell DTX, the MAC entity need not:
1>	if cell DTX operation is activated and the Serving Cell is not in the cell DTX Active Period:
2>	monitor PDCCH for the MAC entity's RNTIs listed in clauses 5.7 and 5.7b, irrespective of the requirements of clauses 5.7 and 5.7b, unless stated otherwise in this clause;
2>	instruct the physical layer to receive transport block on the DL-SCH of this Serving Cell according to a configured downlink assignment for SPS;
2>	indicate the presence of a configured downlink assignment and deliver the stored HARQ information to the HARQ entity;
2>	set the HARQ Process ID to the HARQ Process ID associated with the PDSCH duration of a configured downlink assignment;
2>	consider the NDI bit for the HARQ process corresponding to the PDSCH duration of a configured downlink assignment to have been toggled for the configured downlink assignment.


And the following is specified in section 5.3.1:
	For each Serving Cell and each configured downlink assignment, if configured and activated, the MAC entity shall:
1>	if the PDSCH duration of the configured downlink assignment does not overlap with the PDSCH duration of a downlink assignment received on the PDCCH for this Serving Cell:
2>	instruct the physical layer to receive, in this PDSCH duration, transport block on the DL-SCH according to the configured downlink assignment and to deliver it to the HARQ entity;
2>	set the HARQ Process ID to the HARQ Process ID associated with this PDSCH duration;
2>	consider the NDI bit for the corresponding HARQ process to have been toggled;
2>	indicate the presence of a configured downlink assignment and deliver the stored HARQ information to the HARQ entity.



Therefore, from a MAC perspective, the MAC instructs the physical layer to receive a TB on the DL-SCH at least on PUSCH durations that are not in the cell DTX non-active period. 
Proposal 3: 	From a MAC perspective, no additional clarification in MAC specification is needed and the R1 agreement “UE receives a subset of the repetitions of a SPS PDSCH that do not overlap with the cell DTX non-active period.” can be considered already captured.

Issue 3: CSI repetition partially overlapping with cell DRX active period.
RAN1 agreed that “UE transmit a subset of the repetitions of a PUCCH with SR and/or P/SP-CSI that do not overlap with the cell DRX non-active period.” However, in section 5.34.2, the following is specified [7]:
	For each Serving Cell configured with cell DRX, the MAC entity shall:
[omitted]
1>	if cell DRX is activated and the Serving Cell is not in the cell DRX Active Period:
2>	not instruct the physical layer to signal a SR on a PUCCH resource for SR;
2>	not increment the SR_COUNTER for a SR;
2>	not start the sr-ProhibitTimer for a SR;
2>	not deliver any configured uplink grant and the associated HARQ information to the HARQ entity;
2>	not instruct a HARQ process associated with a configured uplink grant to trigger a new transmission or a retransmission;
2>	not report CSI on PUCCH and semi-persistent CSI configured on PUSCH;



Which captures R1’s agreement. It is worth noting that MAC specifications do not capture physical layer PUCCH repetitions for SR or CSI. But any instructions to refrain from such transmissions during the cell DRX non-active period is already captured by this.
Proposal 4: 	From a MAC perspective, no additional clarification in MAC specification is needed and the R1 agreement “UE transmit a subset of the repetitions of a PUCCH with SR and/or P/SP-CSI that do not overlap with the cell DRX non-active period.” can be considered already captured.
Conclusion
This contribution discusses remaining open issues on Cell DTX/DRX, specifically MAC handling of UL and DL repetitions that partially overlap with cell DRX/DTX active period. The following proposals are provided:
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Annex A: Past R2 discussion on handing of CG bundled transmissions [3]
1 
2 
3 
CG bundled transmissions
The following MAC open issue was identified before R2#123bis:
Issue 3: whether to allow CG bundle transmission if only a part of a bundle overlaps with cell DRX Active Period.
In the draft running MAC CR [2], the UE doesn’t deliver the CG to the HARQ entity if the CG is not in the Active Period. For bundled CG transmissions, one possibility is that the UE transmits only a subset of the repetitions that do not overlap with non-active period, while another possibility is the UE transmits the repetition bundle only if the whole bundle falls within the active period. The draft running CR thus captures the following editor’s note:
Editor’s note: FFS whether to allow configured grant bundle transmission for the case that only a part of a bundle overlaps with cell DRX Active Period.
So far, the R2 agreement on not transmitting on CG during non-active period was general for all transmissions and did not differentiate between repetitions and non-repetitions. This issue was discussed online during RAN2 123bis without conclusion. The following options were outlined:
· Option 1: No special handling needed for repetition/bundling grant [4]:
· even if the first transmission is not within the Active Time, following repetitions could be also for initial transmission with certain RV patterns, as per already specified legacy behaviour. if the following repetitions cannot be used for initial transmission if no TB is obtained, it is already specified legacy behaviour as well.
· Nothing additional needs to be captured in TS 38.321, and the editor’s note is removed.
· Option 2: In case of CG bundle, the UE transmits CG-PUSCH only if all the CG occasions within a bundle completely overlaps with cell DRX Active Time [6].
· Option 3: UE performs the transmission within a bundle of the configured grant regardless the cell is in Cell Transmission ON or OFF duration [5].
· Option 4: leave it up to RAN1 to decide if anything is needed.
Question 1: Which of the following options do you prefer?
	Company 
	Preferred Options
	Comments

	Apple
	Option 1 or Option 4
	1. As discussion online, similar issue was discussed in Rel-16/Rel-17 in intra-UE prioritization. And the UE behavior was captured in RAN1 spec (Section 6.1.2.1 of TS 38.214). We assume similar behavior can be reused for Cell DRX, but it should be RAN1 decision as similar case was captured in RAN1 spec. Thus, we think nothing needs to be captured in TS 38.321.
2. In RAN1#114b, RAN1 also discussed this issue in offline although no conclusion was made.

	Xiaomi 
	Option 4
	It is RAN1 issue because it will impact the performance.

	Fraunhofer
	Option 4
	In our view this should be left for RAN1 discussion

	OPPO
	Option 1 or 4
	If partial repetitions associated with RV=0 do not fall into non-active, such repetition can be decoded successfully. If not, we can follow the legacy way, i.e. leave the issue to the gNB implementation. Thus, there is no need to capture anything special at least in the RAN2 spec. But if the majority prefers Option 4, we are also fine.

	NEC
	Option 4
	RAN1#114bis meeting discussed the case (details can be found in R1-2310454 Proposal #23-2), however the conclusion was “not agreeable in current form”. To avoid the duplicated discussion, we prefer to leave it up to RAN1 and wait for more RAN1 progress.

	Fujitsu
	Option 4 or Option 1
	Wait for RAN1 discussion. But even if RAN1 cannot reach any consensus, we think no special handling is needed.

	Huawei
	Option 1/4
	No need to capture such case in RAN2. No issue foreseen when CG bundle transmission is allowed if only a part of a bundle overlaps with cell DRX Active Period. No special handling from RAN2 perspective is needed, can be left for RAN1.

	vivo
	Option 1 or 4
	The bundle can be decoded as long as the repetition with RV = 0 falls within the cell DRX active time. It is up to the NW implementation to avoid the opposite case. 

	MediaTek
	Option 1 or 4
	Prefer to follow the legacy way in RAN2 territory and wait for RAN1 decision if any.

	Samsung
	Option 2 (current MAC CR) or Option 4
	We think RAN2 should have a common understanding on the current MAC modelling and running CR description. We think Option 2 is what the current MAC CR captures.
The current modelling of CG delivery in TS 38.321 is that all CG occasions within a bundle are delivered to the HARQ entity at the same time. For every CG delivery, NDI is toggled but this NDI toggling is only for the first CG resource.
	TS 38.321: subclause 5.4.1
For each Serving Cell and each configured uplink grant, if configured and activated, the MAC entity shall:
(omitted)
1>	if the MAC entity is not configured with lch-basedPrioritization, and the PUSCH duration of the configured uplink grant does not overlap with the PUSCH duration of an uplink grant received on the PDCCH or in a Random Access Response or the PUSCH duration of a MSGA payload for this Serving Cell:
(omitted…)
4>	consider the NDI bit for the corresponding HARQ process to have been toggled;
4>	deliver the configured uplink grant and the associated HARQ information to the HARQ entity.


Thus, the interpretation of “deliver the configured uplink grant…” is per bundle. The current behaviour is that if one of CG bundle overlaps with DL-SCH, then the whole CG bundle is not used at all. A similar issue exists for Cell DRX.
	MAC running CR: subclause 5.x.2
1>  if cell DRX is activated and the Serving Cell is not in the cell DRX Active Period:
2> not instruct the physical layer to signal the SR on a PUCCH resource for SR;
2> not increment the SR counter for a pending SR;
2> not start the sr-ProhibitTimer for a pending SR;
2> not deliver any configured uplink grant and the associated HARQ information to the HARQ entity;


The delivery of CG resource here means “all CG resources within a bundle”, since legacy text assumes it. Thus, literally speaking, the current running CR implies Option 2.
If companies leave it up to RAN1, we are fine with this. But it seems true that MAC specification should capture something to make it work. Option 1 does not work.

	Sharp
	Option 1 or 4
	No special handling in RAN2 spec or wait for RAN1 if needed.

	Qualcomm
	Option 1 or 4
	We are not 100% clear on option 1 currently. We agree that this should follow legacy and need no special handling, but is the legacy behaviour from a MAC pov that only repetitions that overlap with cell DRX would be transmitted because this is the case where a TB would be obtained and the HARQ is instructed to (re)transmit?

In any case if it’s an active discussion in RAN1 they can come up with a conclusion just useful to clarify what is the current behaviour in MAC if nothing is changed. 

	CATT
	Option 4
	RAN1 is already discussing this. Let’s not duplicate.

	LGE
	Option 1 or 4
	We prefer handling a CG bundle in the legacy way based on the current NES agreement. But if the majority prefer Option 4, we are fine with it.

	ZTE
	Option 4
	This is RAN1 issue.

	Nokia
	Option 1
	As explained in our Tdoc.

	InterDigital
	Option 1 or 4
	


Summary:
16 companies support Option 4, leaving it up to RAN1 to decide given the topic is already discussed there.
11 companies support Option 1, some of which in addition to option 4.
1 company supports Option 2.
Most companies thought no special handling is needed from a R2 perspective anyway. Some companies think that the CG bundle is delivered to the HARQ entity at least if the first CG occasion is in the cell DRX Active Period; proper network configuration can thus handle this. One company interprets the running CR such that CG bundle is not delivered to the HARQ entity if at least one CG occasion is not in the active period. 
Proposal 1:	It is up to RAN1 whether to allow partial transmission of a configured grant bundle in case a part of the bundle overlaps with cell DRX Active Period. (16/17)
Annex B: TP for CG repetitions partially overlapping with cell DRX
5.34.3	Cell Discontinuous Reception
Cell DRX is configured if cellDTXDRXconfigType is set to drx or dtxdrx. Cell DRX operation is activated and deactivated for each Serving Cell by:
-	receiving a cell DRX indication from lower layers indicating activation or deactivation of cell DRX operation, as specified in TS 38.213 [6];
-	configuring CellDTXDRX-Config by upper layers: if cell DRX is configured and cellDTXDRXactivationStatus is set to activated, cell DRX operation is activated upon cell DRX configuration; if cell DRX is configured and cellDTXDRXactivationStatus is set to deactivated, cell DRX operation is deactivated upon cell DRX configuration; if CellDTXDRX-Config is released, cell DRX operation is deactivated and all the corresponding configurations are released.
When cell DRX is configured and activated for a Serving Cell, the cell DRX Active Period includes the time while:
-	celldtxdrx-onDurationTimer is running for the associated Serving Cell.
For each Serving Cell configured with cell DRX, the MAC entity shall:
1>	if cell DRX is activated for this Serving Cell:
2>	if [(SFN × 10) + subframe number] modulo (celldtxdrx-Cycle) = (celldtxdrx-StartOffset):
3>	start celldtxdrx-onDurationTimer for this serving cell after celldtxdrx-SlotOffset from the beginning of the subframe.
1>	if cell DRX is activated and the Serving Cell is not in the cell DRX Active Period:
2>	not instruct the physical layer to signal a SR on a PUCCH resource for SR;
2>	not increment the SR_COUNTER for a SR;
2>	not start the sr-ProhibitTimer for a SR;
2>	not deliver any configured uplink grant and the associated HARQ information to the HARQ entity;
2>	not instruct a HARQ process associated with a configured uplink grant to trigger a new transmission or a retransmission;
2>	not report CSI on PUCCH and semi-persistent CSI configured on PUSCH;
2>	if an emergency service is initiated by upper layers and this Serving Cell is the SpCell:
3>	initiate a Random Access procedure (as specified in clause 5.1.1).
NOTE:	How the MAC layer in the UE is aware of an ongoing emergency service is up to UE implementation.
Annex C: TP for CG repetitions partially overlapping with cell DRX
[bookmark: _Toc155999767]5.34.3	Cell Discontinuous Reception
Cell DRX is configured if cellDTXDRXconfigType is set to drx or dtxdrx. Cell DRX operation is activated and deactivated for each Serving Cell by:
-	receiving a cell DRX indication from lower layers indicating activation or deactivation of cell DRX operation, as specified in TS 38.213 [6];
-	configuring CellDTXDRX-Config by upper layers: if cell DRX is configured and cellDTXDRXactivationStatus is set to activated, cell DRX operation is activated upon cell DRX configuration; if cell DRX is configured and cellDTXDRXactivationStatus is set to deactivated, cell DRX operation is deactivated upon cell DRX configuration; if CellDTXDRX-Config is released, cell DRX operation is deactivated and all the corresponding configurations are released.
When cell DRX is configured and activated for a Serving Cell, the cell DRX Active Period includes the time while:
-	celldtxdrx-onDurationTimer is running for the associated Serving Cell.
For each Serving Cell configured with cell DRX, the MAC entity shall:
1>	if cell DRX is activated for this Serving Cell:
2>	if [(SFN × 10) + subframe number] modulo (celldtxdrx-Cycle) = (celldtxdrx-StartOffset):
3>	start celldtxdrx-onDurationTimer for this serving cell after celldtxdrx-SlotOffset from the beginning of the subframe.
1>	if cell DRX is activated and the Serving Cell is not in the cell DRX Active Period:
2>	not instruct the physical layer to signal a SR on a PUCCH resource for SR;
2>	not increment the SR_COUNTER for a SR;
2>	not start the sr-ProhibitTimer for a SR;
2>	if an uplink grant is a configured uplink grant is not part of a bundle; or
2>	if PUSCH durations of all uplink grants part of bundle of a configured uplink grant are not in the cell DRX Active period:
3>2>	not deliver any the configured uplink grant and the associated HARQ information to the HARQ entity;
2>	not instruct a HARQ process associated with a configured uplink grant to trigger a new transmission or a retransmission;
2>	not report CSI on PUCCH and semi-persistent CSI configured on PUSCH;
2>	if an emergency service is initiated by upper layers and this Serving Cell is the SpCell:
3>	initiate a Random Access procedure (as specified in clause 5.1.1).
NOTE:	How the MAC layer in the UE is aware of an ongoing emergency service is up to UE implementation.
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