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Introduction
Cell DTX/DRX is an objective of the R18 NR NES work item [1]. Agreements on cell DTX and cell DRX are captured in the Appendix. The following MAC open issues were identified by the spec rapporteurs from the pre meeting email discussions [5]:
Issue 1: whether to confirm the WA:
· Working assumption: UE triggers RACH upon determining that an emergency call is initiated during the cell DTX/DRX non active period. We rely on the UE implementation to determine whether an emergency call is initiated.  We will take time to check until next meeting to confirm the WA.
· if the WA is confirmed, how to capture that an emergency call is initiated in MAC specifications (for the purpose of triggering RACH)
 
Issue 2: whether the UE monitors PDCCH during the cell DTX non-active period following successful completion of RA (e.g. after a RA triggered by an emergency call, per the WA).
· Per comments under QC002
 
Issue 3: Whether to add NES-RNTI to the list of monitored RNTIs in section 5.7 (DRX)
· Per comments under M001, or we wait for RAN1.

Issue 1-13: Should cell DRX be added to the agreement: “We focus on the case where DTX in RRC can only be configured when C-DRX is configured”.

This contribution discusses some of the open issues on Cell DTX/DRX that need to be addressed.
Discussion
Issue 1: whether to confirm the WA:

A working assumption made in RAN2#123bis is “UE triggers RACH upon determining that an emergency call is initiated during the cell DTX/DRX non active period. We rely on the UE implementation to determine whether an emergency call is initiated.  We will take time to check until next meeting to confirm the WA.” During the discussions, companies wanted to take time to check how the UE determines that an emergency call is initiated. Some companies mentioned that there is a note already in the specification that mentions when an emergency call is initiated. It is likely the following note from TS 38.331:
NOTE 1:	How the RRC layer in the UE is aware of an ongoing emergency service is up to UE implementation.
The note refers to an indication from NAS about the initiation of an emergency service, where the indication is internal to the UE. We can therefore rely on this existing note for triggering the RA, per the working assumption and the working assumption can be confirmed.
 
Proposal 1: 	Confirm working assumption: UE triggers RACH upon determining that an emergency call is initiated during the cell DTX/DRX non active period. We rely on the UE implementation to determine whether an emergency call is initiated.
Proposal 2: 	For the determination of an emergency call, rely on the following note from TS 38.331: “How the RRC layer in the UE is aware of an ongoing emergency service is up to UE implementation.”
Proposal 3: 	To capture proposals 1 and 2, the text proposal in Annex B is agreed.

Issue 2: whether the UE monitors PDCCH during the cell DTX non-active period following successful completion of RA (e.g. after a RA triggered by an emergency call, per the WA):

One issue that was brought up in the pre meeting emails discussion is whether the UE should monitor PDCCH during the cell DTX non-active period following successful completion of RA (e.g. after a RA triggered by an emergency call, per the WA). It would make sense that the UE monitors PDCCH following such RA, i.e. for the reception of a grant for msg5, reception of a cell DTX/DRX deactivation command, or downlink signaling reconfiguring parameters while the emergency session is ongoing.
After all, it was agreed in RAN2#122 that “Once gNB recognizes there is an emergency call or public safety related service (e.g. MPS/MCS), the NW should ensure there is no impact to the emergency call (e.g. may deactivate Cell DTX/DRX).” It therefore makes sense for the UE to monitor PDCCH following the successful RA triggered by the emergency call. 
Proposal 4: 	UE monitors PDCCH during the cell DTX non-active period following successful completion of RA (e.g. including a RA triggered by an emergency call).
Issue 3: Whether to add NES-RNTI to the list of monitored RNTIs in section 5.7 (DRX)
When the UE is configured with C-DRX, the UE can receive the DCI format 2_9 during the C-DRX active time (e.g. when DRX ON duration timer and inactivity timer are running). Upon receiving the DCI, the UE can assume the behavior associated with the cell DTX/DRX configuration from the first slot onwards after the application delay.
Therefore, at a minimum, the UE should monitor PDCCH addressed to NES-RNTI during the C-DRX active timer.

Proposal 5: 	NES-RNTI is added to the list of monitored RNTIs in section 5.7 (DRX) of TS 38.321.

The past agreements made up to RAN1#114bis clarify the UE behavior when receiving the group common DCI format 2_9 that activates/deactivates a cell DTX/DRX configuration. However, one aspect remains on whether the UE is expected to monitor PDCCH for receiving the DCI format 2_9 during the non-active time of C-DRX. This issue was discussed during RAN1#114bis, but no agreements or conclusions were made.       
Once cell DTX/DRX is activated, the UE does not monitor for PDCCH during the cell DTX non-active periods, and the UE may receive a cell DTX/DRX deactivation indication during the cell DTX active periods. Given gNB is aware of how the C-DRX may be aligned with the cell DTX/DRX periods, the gNB can ensure that the (de)-activation indication is received during the C-DRX active periods and cell DTX active periods.  

Since power savings of the UE is also important, in our view, the UE is not expected to monitor PDCCH for receiving the DCI format 2_9 during the C-DRX non-active time. Such behavior is aligned with legacy for all DCI formats other than DCI format 2_6. 
Issue 1-13: Should cell DRX be added to the agreement: “We focus on the case where DTX in RRC can only be configured when C-DRX is configured”:
In RAN2#123bis, and the following was agreed:
=>	Rapporteurs will capture it in RRC (the focus was on the case where cell DTX in RRC can only be configured when C-DRX is configured)
Since cell DTX and DRX can be configured jointly, it makes sense that we also extend this understanding to cell DRX as well. This also allows the network to predictably re-use c-drx retransmission timers after an uplink transmission for the purpose of scheduling UL retransmissions.
Proposal 6: 	Cell DRX is added to the agreement “focus on the case where DTX in RRC can only be configured when C-DRX is configured”. Similar to cell DTX, it can be clarified that cell DRX is not configured without C-DRX in TS 38.331.
Conclusion
This contribution discusses remaining open issues on Cell DTX/DRX. The following proposals are provided:
Proposal 1: 	Confirm working assumption: UE triggers RACH upon determining that an emergency call is initiated during the cell DTX/DRX non active period. We rely on the UE implementation to determine whether an emergency call is initiated.
Proposal 2: 	For the determination of an emergency call, rely on the following note from TS 38.331: “How the RRC layer in the UE is aware of an ongoing emergency service is up to UE implementation.”
Proposal 3: 	To capture proposals 1 and 2, the text proposal in Annex B is agreed.
Proposal 4: 	UE monitors PDCCH during the cell DTX non-active period following successful completion of RA (e.g. including a RA triggered by an emergency call).
Proposal 5: 	NES-RNTI is added to the list of monitored RNTIs in section 5.7 (DRX) of TS 38.321.
Proposal 6: 	Cell DRX is added to the agreement “focus on the case where DTX in RRC can only be configured when C-DRX is configured”. Similar to cell DTX, it can be clarified that cell DRX is not configured without C-DRX in TS 38.331.
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Annex A: Agreements on Cell DTX/DRX
RAN2#121
Agreements 
1. There will be no impact to RACH, paging, and SIBs in idle/inactive for both gNB and Rel-18 and legacy UEs
2. Rel-18 NES capable CONNECTED UE(s) can perform RACH and receive SIBs in non-active duration of cell DTX and/or DRX (i.e., same behavior for cell DTX and cell DRX).  No further enhancements for CBRA and CFRA will be pursued.
3. Pattern configuration for cell DRX/DTX is common for Rel-18 UEs in the cell.   FFS whether we have DTX UE specific inactivity timer .  FFS on configuration signaling and stage 3.  
4. Confirm study item agreement that we can have separate DTX and DRX configuration.   We will focus on designing DTX/DRX for at least single configuration.  FFS whether multiple configuration of cell DTX or DRX will be supported.  

RAN2#121bis
Agreements 
1. A periodic cell DTX/DRX configuration is explicitly signalled to the UEs. 
1. A periodic cell DTX/DRX pattern is configured by UE specific RRC signalling. 
1. The Cell DTX/DRX configuration contains at least: periodicity, start slot/offset, on duration. 
1. As a baseline Cell DTX/DRX is activated/deactivated implicitly by RRC signalling, i.e. activated immediately once configured by RRC and deactivated once the RRC configuration is released. 
1. From RAN2 point of view, majority companies see a benefit with L1 signalling for Cell DTX/DRX activation/deactivation, send a LS to RAN1 (email 308) with our preference and ask about feasibility and design details.   Ask about feasibility and reliability of using L1 signaling.  Clarify that the question is about activation/deactivation copy the agreement from last meeting that we are focusing on single configuration.  Extract a few key benefits of dynamic signaling from email discussion and online discussions
1. As baseline, UE doesn’t monitor SPS occasions during Cell DTX non-active period. As baseline, gNB is assumed to be not transmitting PDSCH to that UE on such SPS occasions during the Cell DTX non-active period
1. As baseline, UE does not transmit on CG occasions during Cell DRX non-active periods
1. As baseline, UE does not transmit SR occasions overlapping with Cell DRX non-active periods, e.g. SR transmissions are dropped during the non-active period 
FFS: whether we will allow to configure the UE per SR configuration with whether SR can be transmitted during Cell DRX non-active period to support high priority traffic 
1. (for the SRs that will be dropped) If SR is not to be transmitted on an PUCCH occasion during Cell DRX non-active time, the UE keep the SR pending, i.e., the UE delays the SR transmission till the Cell DRX active period without triggering RACH.  For the FFS case there may be some exceptions.  
1. The understanding for the gNB scheduling behaviour for new transmissions during Cell DTX non-active period is that the gNB does not schedule UE-specific dynamic grants/assignments, even if the UE is in C-DRX Active Time.   UE doesn’t monitor PDCCH for dynamic grants/assignments for new transmissions during Cell DTX non-active period, even if the UE is in C-DRX Active time.   FFS how to deal with any exceptions (e.g. SR if agreed and RACH).  
FFS how to deal with retransmissions

RAN2#122 
Agreements:
1	UE monitors PDCCH for RAR during Cell DTX non-active time. The ra-ResponseWindow could be started as legacy.
2	UE monitors PDCCH for msg4 during Cell DTX non-active time. The ra-ContentionResolutionTimer could be started as legacy.
3	Working assumption:  When the retransmission timer is running (if C-DRX is configured), the UE is expected to monitor PDCCH, like in legacy.  It is up to the network whether it schedules retransmissions out of the Cell DTX active period, i.e., when the DRX retransmission timer is running, the UE should monitor PDCCH regardless of the Cell DTX.   
4	Once gNB recognizes there is an emergency call or public safety related service (e.g. MPS/MCS), the NW should ensure there is no impact to the emergency call (e.g. may deactivate Cell DTX/DRX).  The behavior is captured in stage 2 spec
5	When an DG grant is received, by the gNB during cell DRX/DTX, the UE follows the grant assignment (i.e. like in legacy).  This includes DL HARQ feedback.  

RAN2#123

Agreements:
1	Activation/deactivation is per serving cell.  FFS if the configuration is per cell or per MAC entity 
2	RAN2 will reuse the start timer formula of the onDurationTimer from UE C-DRX (including SlotOffset) to specify the start of cellDTX-onDurationTimer (and cellDRX-onDurationTimer) in 38.321.
3	The gNB should ensures that there is at least partial overlapping between UE C-DRX on-duration and cell DTX/DRX on-duration.  It is up to network implementation to ensure the alignment.  We will capture this in stage 2 specification.  
	Understanding is that alignment means that the cell DTX/DRX and C-DRX periodicity should be multiple of each other.   FFS if we anything needs to be specified in stage 3 (i.e. in IE description)
4	As a baseline legacy C-DRX reconfiguration is used to change UE C-DRX configuration once Cell DTX/DRX is activated/deactivated.
5	RAN2 specifies cellDTX-onDurationTimer (and cellDRX-onDurationTimer) to have the same value range as UE C-DRX on-duration timer. 
6	RAN2 specifies cellDTX-Cycle (and cellDRX-Cycle) to have the same value range as UE C-DRX Long cycle. 
7	Separate DTX and DRX configuration means that the features can be enabled separately (i.e. Cell DTX can be configured without Cell DRX)
8	On-duration and Cycle parameters are common between cell DTX and DRX, when both are configured.  FFS if we have different start offset configuration for cell DTX and cell DRX
9	RAN2 will not introduce a MAC CE for cell DTX/DRX (de)activation.  
10	Confirm working assumption, when the retransmission timer is running (if C-DRX is configured), the UE is expected to monitor PDCCH, like in legacy.  It is up to the network whether it schedules retransmissions out of the Cell DTX active period, i.e., when the DRX retransmission timer is running, the UE should monitor PDCCH regardless of the Cell DTX.
11	We focus on the case where DTX in RRC can only be configured when C-DRX is configured.  We will not optimize for the case where C-DRX is not configured.


RAN2#123bis
Agreements
1.	Cell DTX/DRX configuration is provided per Serving Cell with the following restrictions:
	-	A maximum of two cell DTX/DRX patterns can be configured per MAC entity 
	-	The two configured patterns are aligned, 
		o	The start and slot offset are common for the two patterns.
		o	one periodicity is an integer multiple of the other.
2.	Working assumption: UE triggers RACH upon determining that an emergency call is initiated during the cell DTX/DRX non active period. We rely on the UE implementation to determine whether an emergency call is initiated.  We will take time to check until next meeting to confirm the WA.
=>	Rapporteur will specify the alignment in the field description in his CR (stage 3 alignment description)
1.	Introduce explicit activation/deactivation in RRC once DTX/DRX is configured (i.e. not for dynamic activation/deactivation).   This reverses previous agreement on implicit activation.
2.	Start offset and slot offset configuration is also common between Cell DTX and Cell DRX when both are configured 
3.	Standalone cell DRX configuration is possible to configure  
4.	Multiple configurations of Cell DTX/DRX are not pursued in Rel-18 for serving cell.  
=>	The rapporteur will implement all fields as optional and companies can review to see if there is any issues (cellDTX-config)  
=>	Rapporteurs will capture it in RRC (the focus was on the case where cell DTX in RRC can only be configured when C-DRX is configured)
1.	The case that Cell DRX activation is received between delivering a configured grant to the HARQ entity and HARQ processing for the CGO will not be addressed by RAN2, as it is not valid for the MAC model.  

Annex B: TP for TS 38.321 to capture the WA
5.x.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 activation 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 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 ongoing emergency service is initiated by upper layers according to TS 38.331 [5]:
3>	initiate a Random Access procedure (as specified in clause 5.1.1).
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