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1 Introduction
The Network Energy saving (NES) WID RP-223540 was agreed in RAN#98-e [1], the WI objective on Cell DTX / DRX is copied below: 2. Specify enhancement on cell DTX/DRX mechanism including the alignment of cell DTX/DRX and UE DRX in RRC_CONNECTED mode, and inter-node information exchange on cell DTX/DRX [RAN2, RAN1, RAN3]
· Note: No change for SSB transmission due to cell DTX/DRX.
· Note: The impact to IDLE/INACTIVE UEs due to the above enhancement should be avoided.


By RAN2#125 [2], the latest MAC CR has been endorsed in [3].
In this contribution, we share our view on below remaining MAC open issue:
· Handling of repetition of CG-PUSCH
· Handling of repetition of SPS-PDSCH
· Handling to repetition of PUCCH 

2 Discussion 
In LS R1-2401810 [4], RAN1 asked RAN2 to capture three agreements on handling of repetition of PUCCH, PUSCH, and SPS PDSCH into RAN2 specification: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.
· UE receives a subset of the repetitions of a SPS PDSCH that do not overlap with the cell DTX non-active period.



We share our view on CG-PUSCH, SPS-PDSCH and PUCCH, respectively.
2.1 Repetition of CG-PUSCH 
The current UE behavior of CG-PUSCH handling under Cell DRX is captured like below [3]:
5.34.3	Cell Discontinuous Reception
…omit unrelated part…
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).


We think the key issue is whether “configured uplink grant” highlighted above is modelled as one CG-PUSCH bundle or one single repetition of PUSCH in TS 38.321 [3]. After checking, we think there is ambiguity because different sections of TS 38.321 use different modeling. The details on the difference can be found below:
1) Section 5.8.2: per CG-PUSCH bundle modeling is used, where the highlighted part implies that the time occurrence is the first repetition if multiple repetitions of CG-PUSCH is configured. 
From Section 5.8.2 of TS 38.321 [3]:
After an uplink grant is configured for a configured grant Type 1, the MAC entity shall consider sequentially that the Nth (N >= 0) uplink grant occurs in the symbol for which:
	[(SFN × numberOfSlotsPerFrame × numberOfSymbolsPerSlot)
	+ (slot number in the frame × numberOfSymbolsPerSlot) + symbol number in the slot] =
	(timeReferenceSFN × numberOfSlotsPerFrame × numberOfSymbolsPerSlot
	+ timeDomainOffset × numberOfSymbolsPerSlot + S + N × periodicity)
	modulo (1024 × numberOfSlotsPerFrame × numberOfSymbolsPerSlot)
…omit unrelated part…
After an uplink grant is configured for a configured grant Type 2, the MAC entity shall consider sequentially that the Nth (N >= 0) uplink grant occurs in the symbol for which:
	[(SFN × numberOfSlotsPerFrame × numberOfSymbolsPerSlot)
	+ (slot number in the frame × numberOfSymbolsPerSlot) + symbol number in the slot] =
	[(SFNstart time × numberOfSlotsPerFrame × numberOfSymbolsPerSlot
	+ slotstart time × numberOfSymbolsPerSlot + symbolstart time) + N × periodicity]
	modulo (1024 × numberOfSlotsPerFrame × numberOfSymbolsPerSlot)
where SFNstart time, slotstart time, and symbolstart time are the SFN, slot, and symbol, respectively, of the first transmission opportunity of PUSCH where the configured uplink grant was (re-)initialised.
2) Section 5.4.2.1: per repetition modeling is used, where the highlighted part indicates that each transmission within a bundle is a separate uplink grant. 

From Section 5.4.2.1 of TS 38.321 [3]:
…omit unrelated part…
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.
…omit unrelated part…
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
2>	if the uplink grant was received on PDCCH for the C-RNTI and the HARQ buffer of the identified process is empty; or
2>	if the uplink grant was received in a Random Access Response (i.e. in a MAC RAR or a fallback RAR); or
2>	if the uplink grant was determined as specified in clause 5.1.2a for the transmission of the MSGA payload; or
2>	if the uplink grant was received on PDCCH for the C-RNTI in ra-ResponseWindow and this PDCCH successfully completed the Random Access procedure initiated for beam failure recovery; or
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
3>	if there is a MAC PDU in the MSGA buffer and the uplink grant was received in a fallbackRAR and this fallbackRAR successfully completed the Random Access procedure:
4>	obtain the MAC PDU to transmit from the MSGA buffer.
…omit unrelated part…


Observation 1: Different sections of TS 38.321 use different modeling of “configured uplink grant”:
1) Section 5.8.2: per CG-PUSCH bundle modeling is used, where the time occurrence is the first repetition if multiple repetitions of CG-PUSCH is configured. 
2) Section 5.4.2.1: per repetition modeling is used, where each transmission within a bundle is a separate uplink grant. 
Then, back to the issue of Cell DRX, we think the ambiguity is still there and it is better to make the UE behavior clear. On solution, we prefer to use similar wording of Section 5.4.2.1, i.e. “if the uplink grant is part of a bundle of the configured uplink grant” which can address both cases of CG-PUSCH with repetition and CG-PUSCH without repetition. For example:
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 uplink grant which is part of any configured uplink grant and the associated HARQ information to the HARQ entity;
2>	not instruct a HARQ process associated with any uplink grant which is part of any 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).
We provide a complete TP in Appendix. Thus, we propose:
Proposal 1: RAN2 agree to change TS 38.321 on CG-PUSCH handling in Cell DRX because it is ambiguous whether each “configured uplink grant” is modelled as one CG-PUSCH bundle or one single repetition of PUSCH.
Proposal 2: RAN2 agree the TP in Appendix to implement RAN1 agreements on handling of repetition of CG-PUSCH in Cell DRX.
2.2 Repetition of SPS-PDSCH 
The current UE behavior for SPS-PDSCH handling in case of Cell DTX is captured like below [3]:5.34.2	Cell Discontinuous Transmission
…omit unrelated part…
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.



We think the key issue is similar to handling multiple repetitions of CG-PUSCH in Cell DRX. After checking, we think there is same ambiguity because different sections of TS 38.321 use different modeling. The details on the difference can be found below:
1) Section 5.8.1: per SPS-PDSCH bundle modeling is used:From Section 5.8.1 of TS 38.321 [3]:
…omit unrelated part…
After a downlink assignment is configured for SPS, the MAC entity shall consider sequentially that the Nth downlink assignment occurs in the slot for which:
	(numberOfSlotsPerFrame × SFN + slot number in the frame) =
[(numberOfSlotsPerFrame × SFNstart time + slotstart time) + N × periodicity × numberOfSlotsPerFrame / 10]
	modulo (1024 × numberOfSlotsPerFrame)
where SFNstart time and slotstart time are the SFN and slot, respectively, of the first transmission of PDSCH where the configured downlink assignment was (re-)initialized.


2) Section 5.3.2.1: per repetition modeling is used, where the highlighted part implies that each repetition is treated as one retransmission.From Section 5.3.2.1 of TS 38.321 [3]:
…omit unrelated part…
When the MAC entity is configured with pdsch-AggregationFactor > 1, the parameter pdsch-AggregationFactor provides the number of transmissions of a TB within a bundle of the downlink assignment. Bundling operation relies on the HARQ entity for invoking the same HARQ process for each transmission that is part of the same bundle. After the initial transmission, pdsch-AggregationFactor – 1 HARQ retransmissions follow within a bundle.



Observation 2: Different sections of TS 38.321 use different modeling of “configured downlink assignment”:
1) Section 5.8.1: per SPS-PDSCH bundle modeling is used. 
2) Section 5.3.2.1: per repetition modeling is used, where each repetition is treated as one retransmission.
Like CG-PUSCH case, we provide a complete TP in Appendix. Thus, we propose:
Proposal 3: RAN2 agree to change TS 38.321 on SPS-PDSCH handling in Cell DTX because it is ambiguous whether each “configured downlink assignment” is modelled as one SPS-PDSCH bundle or one single repetition of PDSCH.
Proposal 4: RAN2 agree the TP in Appendix to implement RAN1 agreements on handling of repetition of SPS-PDSCH in Cell DTX.
2.3 Repetition of PUCCH 
We don’t think TS 38.321 need to capture the handling of repetition of PUCCH because PUCCH is physical channel and its repetition is not visible to MAC layer. Thus, we suggest RAN2 send Reply LS to notify RAN1 and let RAN1 decide what to do. 
Proposal 5: On repetitions of PUCCH in Cell DRX, RAN2 send Reply LS to notify RAN1 that RAN2 understand it has no MAC specification impact because the repetition of PUCCH is invisible to MAC layer.  
We provide a draft reply LS in [5].

3 Conclusion
In this contribution, we discuss remaining user plane open issue. Our observations can be found below. 
Observation 1: Different sections of TS 38.321 use different modeling of “configured uplink grant”:
1) Section 5.8.2: per CG-PUSCH bundle modeling is used, where the time occurrence is the first repetition if multiple repetitions of CG-PUSCH is configured. 
2) Section 5.4.2.1: per repetition modeling is used, where each transmission within a bundle is a separate uplink grant. 
Observation 2: Different sections of TS 38.321 use different modeling of “configured downlink assignment”:
1) Section 5.8.1: per SPS-PDSCH bundle modeling is used. 
2) Section 5.3.2.1: per repetition modeling is used, where each repetition is treated as one retransmission.

Based on the observation, the proposals are:
Proposal 1: RAN2 agree to change TS 38.321 on CG-PUSCH handling in Cell DRX because it is ambiguous whether each “configured uplink grant” is modelled as one CG-PUSCH bundle or one single repetition of PUSCH.
Proposal 2: RAN2 agree the TP in Appendix to implement RAN1 agreements on handling of repetition of CG-PUSCH in Cell DRX.
Proposal 3: RAN2 agree to change TS 38.321 on SPS-PDSCH handling in Cell DTX because it is ambiguous whether each “configured downlink assignment” is modelled as one SPS-PDSCH bundle or one single repetition of PDSCH.
Proposal 4: RAN2 agree the TP in Appendix to implement RAN1 agreements on handling of repetition of SPS-PDSCH in Cell DTX.
Proposal 5: On repetitions of PUCCH in Cell DRX, RAN2 send Reply LS to notify RAN1 that RAN2 understand it has no MAC specification impact because the repetition of PUCCH is invisible to MAC layer.  
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Appendix
[bookmark: _Toc155999766]5.34.2	Cell Discontinuous Transmission
Cell DTX is configured if cellDTXDRXconfigType is set to dtx or dtxdrx. Cell DTX operation is activated and deactivated for each Serving Cell by:
-	receiving a cell DTX indication from lower layers indicating activation or deactivation of cell DTX operation, as specified in TS 38.213 [6];
-	configuring CellDTXDRX-Config by upper layers: if cell DTX is configured and cellDTXDRXactivationStatus is set to activated, cell DTX operation is activated upon cell DTX configuration; if cell DTX is configured and cellDTXDRXactivationStatus is set to deactivated, cell DTX operation is deactivated upon cell DTX configuration; if CellDTXDRX-Config is released, cell DTX operation is deactivated and all the corresponding configurations are released.
When cell DTX is configured and activated for a Serving Cell, the cell DTX Active Period includes the time while:
-	celldtxdrx-onDurationTimer is running for the associated Serving Cell.
For each Serving Cell configured with cell DTX, the MAC entity shall:
1>	if cell DTX 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 DTX operation is deactivated for this Serving Cell; or
1>	if the Serving Cell is in the cell DTX Active Period:
2>	monitor PDCCH on this Serving Cell, as specified in TS 38.213 [6] and other clauses of this specification.
1>	if any drx-RetransmissionTimerDL, drx-RetransmissionTimerUL or drx-RetransmissionTimerSL (as described in clause 5.7) is running on any Serving Cell in the DRX group of this Serving Cell; or
1>	if ra-ContentionResolutionTimer (as described in clause 5.1.5) or msgB-ResponseWindow (as described in clause 5.1.4a) is running; or
1>	if a Scheduling Request is sent on PUCCH and is pending (as described in clause 5.4.4 or 5.22.1.5); or
1>	if a PDCCH indicating a new transmission addressed to the C-RNTI of the MAC entity has not been received after successful reception of a Random Access Response for the Random Access Preamble not selected by the MAC entity among the contention-based Random Access Preamble (as described in clauses 5.1.4 and 5.1.4a):
2>	monitor PDCCH on the Serving Cells in the DRX group of this Serving Cell, as specified in TS 38.213 [6] and other clauses of this specification.
1>	if ra-ResponseWindow (as described in clause 5.1.4) is running and this Serving Cell is the SpCell:
2>	monitor PDCCH on this Serving Cell (as described in clause 5.1.4).
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 any downlink assignment which is part of the a configured downlink assignment for SPS;
2>	indicate the presence of aany downlink assignment which is part of the 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.
[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>	not deliver any uplink grant which is part of any configured uplink grant and the associated HARQ information to the HARQ entity;
2>	not instruct a HARQ process associated with any uplink grant which is part of anya 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.

