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1 Introduction

In RAN #98 meeting, cell DTX/DRX is agreed as an objective of the work item for network energy saving as follows [1],

	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.


In RAN1 #112b/113/114/114b and RAN2 121b/122/123/123b meeting, more agreements are made and are attached in appendix. In this contribution, we provide our analysis for cell DTX/DRX for network energy saving.
2 Discussion
2.1 cell DTX/DRX’s impaction on DL/UL channels
In R2#121b meeting, it is agreed that SPS PDSCH is not transmitted during cell DTX non-active period, and a conclusion was achieved in R1#114 meeting that HARQ-ACK of SPS PDSCH transmitted is not impacted by non-active period of cell DRX. And a remaining issue is about the HARQ-ACK feedback for the SPS PDSCH(s) during cell DTX non-active period. A very intuitive thinking is that, no HARQ-ACK feedback is needed for those SPS PDSCH(s), but for different constitution of the HARQ-ACK codebook and for each Type of HARQ-ACK codebook, the details may be different. Two cases can be identified,

Case 1, if the HARQ-ACK codebook only contains the HARQ-ACK information for the SPS PDSCH(s) during cell DTX non-active period, to save UE power and reduce resource overhead, UE does not need to transmit the HARQ-ACK feedback. 
Case 2, if the HARQ-ACK codebook contains the HARQ-ACK information for other normally transmitted channels such as  DCI/DG PDSCH/ SPS PDSCH(s) not during cell DTX non-active period, the HARQ-ACK should be transmitted otherwise the HARQ-ACK information for other channels should be dropped and cause unnecessary retransmission. And additionally, for case 2, different HARQ-ACK codebook type may also have impacts. For example, for Type 1/3 HARQ-ACK codebook, to keep the HARQ-ACK codebook size fixed, NACK can be feedback for those SPS PDSCH(s) during cell DTX non-active period, and for Type 2 HARQ-ACK codebook, either NACK can be feedback or no feedback for those SPS PDSCH(s).
Proposal 1: If the HARQ-ACK codebook only contains the HARQ-ACK information for the SPS PDSCH(s) during cell DTX non-active period, the HARQ-ACK codebook is not transmitted; otherwise, NACK are feedback for those SPS PDSCH(s) at least for Type 1/3 HARQ-ACK codebook.
In R1# 114 meeting, it was agreed that during cell DTX non-active period, Rel-18 UE supporting cell DTX is not required to monitor PDCCHs associated with DCI format 2_0 – DCI Format 2_5 during non-active periods of cell DTX. But whether DCI 2-6 should be monitored or not still needs to be discussed. DCI 2-6 should be transmitted every C-DRX cycle, and from network’s perspective, it is not energy saving to wake up every C-DRX cycle to transmit DCI 2-6 during non-active periods of cell DTX. And from UE’s perspective, there is no several consequences if DCI 2-6 is not monitored, since the current specification already support to use the high layer parameter ps-Wakeup to configure whether start the next on duration. So if the DCI 2-6 is not transmitted during cell DTX non-active periods, gNB and UE still has aligned behavior based on the configuration of high layer parameter ps-Wakeup. For example, if the C-DRX on duration is largely overlapping with cell DTX active duration, then gNB can configure ps-Wakeup as true, otherwise, false.
Observation 1: Current specification already support to use the high layer parameter ps-Wakeup to configure whether start the next on duration if DCI 2-6 is not monitored, 
Proposal 2: UE does not monitor DCI 2-6 during cell DTX non-active period.
Another issue is whether to monitor DCI 2-9 during UE C-DRX non-active period. Companies proposing to monitor aims to deactivate cell DTX during cell DTX non-active time and provide low latency service for public safety traffic. But currently, there is no any restrictions on the monitoring occasions for DCI 2-9, that means UE has to monitor DCI 2-9 in every MO of the related search space, and if UE is required to monitor DCI 2-9 in every MO during UE C-DRX non-active period, that would largely reduce the power saving gain of UE, especially when the MOs of the related search space is dense. And even UE wake up to monitor DCI 2-9, the UE is still in C-DRX non-active time, and UE would not receive any dynamically scheduled data when after cell DTX is deactivated. Based on above, we propose two alternatives. Alt 1, UE does not monitor DCI 2-9 during UE C-DRX non-active period. Alt 2, put some restriction on DCI 2-9 monitoring so that UE does not need to wake up for every MO of DCI 2-9 during C-DRX non-active time. For example, UE only monitor during the overlapping period between C-DRX non-active time and cell-DTX non-active time, to solve the issue of low latency transmission for public safety traffic during cell DTX non-active time.
Proposal 3: As to whether monitor DCI 2-9 during UE C-DRX non-active period, down select from the two alternatives
Alt 1, UE does not monitor DCI 2-9 during UE C-DRX non-active period. 
Alt 2, put some restriction on DCI 2-9 monitoring so that UE does not need to wake up for every MO of DCI 2-9 during C-DRX non-active time.
Whether and how RLM/BFD/BFR related procedures will be interrupted by cell DTX/DRX should be considered. In existing specification, for the dormant scell, beam management/beam failure detection is still maintained, in order to guarantee that when gNB/UE can turn into normal transmitting/receiving process with appropriate beams from the starting point when scell turn into active. The feature of cell DTX/DRX is kind of similar to scell dormancy form UE’s perspective, so it is reasonable to keep aligned UE behavior to maintain RLM/BFD/BFR related procedures during the cell DRX non-active period, and the related periodic reference signals should still be transmitted.
Proposal 4: Periodic reference signals related to RLM/BFD/BFR procedures should be transmitted during non-active period of cell DTX.
For PRS, currently in R18, RRC idle/inactive UE is also supported to do positioning measurement, so turning off PRS would impact positioning function for those RRC idle/inactive UE. As to CSI-RS for RRM measurement, if CSI-RS is turned off periodically by cell DTX pattern, then the RRM measurement based on CSI-RS would have longer measurement period considering the cell DTX cycle, which is feasible from UE side. And another alternative is to only do RRM measurement based on SSB if the corresponding cell is configured with cell DTX. 
Proposal 5: PRS should be maintained since turning off which will impact R18 RRC idle/inactive UE positioning.
Proposal 6: CSI-RS for RRM should be turned off during non-active period of cell DTX.
For TRS, there are two types of TRS in existing spec, one is TRS for RRC connected UE, and the other one is TRS for RRC idle/inactive UE which is configured by system information introduced in R17 UE power saving. To align with the WID that the impact to IDLE/INACTIVE UEs due to the above enhancement should be avoided, TRS for RRC idle/inactive UE should be maintained during non-active period of cell DTX. For RRC connected TRS, since no data transmission during non-active period, the negative impact of turning off TRS on frequency drifting would not be much, UE can still do fine frequency synchronization after TRS is recovered.
Proposal 7: TRS for RRC idle/inactive UE should be maintained while TRS for RRC connected UE can be turned off during non-active period of cell DTX.
In last R2 #121b meeting, it was agreed that UE does not transmit SR occasions overlapping with Cell DRX non-active periods, and further study whether it is allowed to configure the UE per SR configuration with whether SR can be transmitted during Cell DRX non-active period to support high priority traffic. From physical layer perspective, energy detection or correlation detection can be used for SR detection at gNB side, and that is different from the CG PUSCH detection which needs OFDM demodulation and complex decoding of the TB. Considering that gNB still needs to receive PRACH for initial access for RRC idle UE, and PRACH reception can also be done by correlation detection, we think it is possible for gNB to share the same module for PRACH reception for high priority SR detection. With this shared module, the additional energy consumption caused by high priority SR detection would be quite small. And on the hand, receiving high priority SR would allow gNB to be able to tackle high priority traffic and provide low latency service.
Proposal 8: Support UE to transmit high priority SR during Cell DRX non-active period.

2.2 Monitoring for DCI 2-9
In current RAN2 discussion, it is proposed that cell DTX/DRX can be configured by cell group, just like the DRX group configured for C-DRX. If there are two or multiple cell DTX/DRX groups, different cell DTX/DRX groups may have different cell DTX/DRX configurations. In R1#114 meeting, it is agreed that UE monitor DCI format 2_X in one serving cell to reduce UE PDCCH monitoring overhead, but how to determine the one cell is FFS. Most companies support to only transmit DCI 2-9 on Pcell, and from our understanding, even with multiple cell DTX/DRX groups, it is still feasible and reasonable to use one DCI 2-9 which corresponds to multiple groups on Pcell.
Proposal 9: UE monitor DCI 2-9 on Pcell, no matter multiple cell DTX/DRX groups are configured or not.
It was also agreed that DCI 2_X is transmitted in CSS, but whether it can be transmitted in any monitoring occasion is FFS. From UE power saving perspective, it is preferred only monitor DCI 2-9 in restricted window rather than any MO of the CSS, and from network energy saving perspective, it is also not preferred to transmit DCI 2-9 during cell DTX non-active period. One way to reduce DCI 2-9 monitoring is to define validity duration and gNB only transmits DCI2-x once per validity duration. The empty bits of DCI 2-9 can be used to carry validity duration information. If the cell DTX/DRX pattern is (de)activated, then the cell DTX/DRX pattern is (de)activated for the whole validity duration. UE can monitor DCI2-x only once during cell  DTX active period before the end of the validity duration to decide whether to activate/deactivate the cell DTX/DRX pattern after the current validity duration, and correspondently, gNB only transmits DCI2-x once per validity duration, which is beneficial for both UE and gNB power saving compared to gNB/UE transmitting/monitoring DCI 2-9 for every cell DTX/DRX cycle.
Proposal 10: Validity duration for cell DTX/DRX can be carried in DCI 2-9. 
Proposal 11: UE can monitor DCI 2-9 only once during cell DTX active period before the end of the validity duration.
Application delay of DCI 2-9 was defined in last meeting. To avoid too frequent indication change which may disorder UE behaviour, it is usually specified that within the application delay, UE does not expected to receiver another DCI which has different indication from the previous DCI, just as the specification for DCI carrying PDCCH monitoring adaptation indication in R17 UE power saving. So the same rule can be applied for the activation/deactivation indication, that is,  UE does not expected to receiver another DCI 2-9 which has different indication from the previous DCI 2-9 within the application delay.
However, based on the definition agreed in last meeting, the application delay on different cells can be different. For example, as shown in figure below, the four cells, each with its own SCS, and assuming the first DCI 2-9(DCI 1) is transmitted in slot 1 on cell 1, then, the starting time when UE can apply the change of activation/ deactivation indication on different cells is different. To solve the ambiguity, it is reasonable to define that, within largest application delay of all the serving cells configured with cell DTX/DRX, UE does not expect to receive another DCI 2-9 which has different activation/ deactivation indication from the previous DCI 2-9.
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Fig.1 The starting time when UE can apply the indication in DCI 2-9 on different cells is different

Proposal 12: UE does not expect to receive another DCI 2-9 which has different activation/ deactivation indication from the previous DCI 2-9 within largest application delay of all corresponding cells.
2.3 PUCCH cell switching for cell-DRX
It is agreed in R1#112b meeting that during cell DRX non-active period, UE would not transmit periodic/semi-persistent CSI report. And whether to transmit PUCCH for HARQ-ACK of DG/SPS PDSCH. If the cell is not configured with cell DTX, then CSI report and HARQ-ACK feedback would be essential for DL data scheduling. One solution can be, for cell DRX non-active period of a serving cell, UE can report CSI and sent HARQ-ACK feedback on another carrier, which is a scell configured with PUCCH-Config, that is not in cell DRX non-active period, so that gNB can still acquire DL channel states and HARQ-ACK feedback for PDSCH.
Proposal 13: During cell DRX non-active period for a cell, PUCCH cell switching to another cell not in DRX non-active period should be considered.
2.4 SPS PDSCH HARQ-ACK deferral 

SPS PDSCH HARQ-ACK deferral specified in R17 is to move the HARQ-ACK information for SPS PDSCH to a later PUCCH resource if the initial PUCCH resource is conflicted with DL resources or other high priority channels. And also an allowed maximum deferred period is configured to avoid the delay of the deferred HARQ-ACK is too large.

In previous meetings, how to accommodate SPS PDSCH HARQ-ACK deferral when cell DRX is configured was discussed. A simple proposal is that the cell DRX non-active period is excluded from the available resources for the deferred HARQ-ACK. But since HARQ-ACK deferral increase UE complexity, unnecessary HARQ-ACK deferral should be avoided. For example, the SPS PDSCH during cell DTX non-active period is not transmitted, so there is no need to do HARQ-ACK deferral for the SPS PDSCH during cell DTX non-active period.
Proposal 14: For the SPS PDSCH during cell DTX non-active period, HARQ-ACK is not deferred. 
3 Conclusions

In this contribution, we propose the followings:
Proposal 1: If the HARQ-ACK codebook only contains the HARQ-ACK information for the SPS PDSCH(s) during cell DTX non-active period, the HARQ-ACK codebook is not transmitted; otherwise, NACK are feedback for those SPS PDSCH(s) at least for Type 1/3 HARQ-ACK codebook.
Observation 1: Current specification already support to use the high layer parameter ps-Wakeup to configure whether start the next on duration if DCI 2-6 is not monitored, 
Proposal 2: UE does not monitor DCI 2-6 during cell DTX non-active period.
Proposal 3: As to whether monitor DCI 2-9 during UE C-DRX non-active period, down select from the two alternatives

Alt 1, UE does not monitor DCI 2-9 during UE C-DRX non-active period. 
Alt 2, put some restriction on DCI 2-9 monitoring so that UE does not need to wake up for every MO of DCI 2-9 during C-DRX non-active time.
Proposal 3: Periodic reference signals related to RLM/BFD/BFR procedures should be transmitted during non-active period of cell DTX.
Proposal 4: PRS should be maintained since turning off which will impact R18 RRC idle/inactive UE positioning.
Proposal 5: CSI-RS for RRM should be turned off during non-active period of cell DTX.
Proposal 6: TRS for RRC idle/inactive UE should be maintained while TRS for RRC connected UE can be turned off during non-active period of cell DTX.
Proposal 7: Support UE to transmit high priority SR during Cell DRX non-active period.

Proposal 9: UE monitor DCI 2-9 on Pcell, no matter multiple cell DTX/DRX groups are configured or not.

Proposal 10: Validity duration for cell DTX/DRX can be carried in DCI 2-9. 

Proposal 11: UE can monitor DCI 2-9 only once during cell DTX active period before the end of the validity duration.
Proposal 12: UE does not expect to receive another DCI 2-9 which has different activation/ deactivation indication from the previous DCI 2-9 within largest application delay of all corresponding cells.
Proposal 13: During cell DRX non-active period for a cell, PUCCH cell switching to another cell not in DRX non-active period should be considered.
Proposal 14: For the SPS PDSCH during cell DTX non-active period, HARQ-ACK is not deferred. 
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Appendix

In last RAN1 #114b meeting, the following agreement were made [8],
	Agreement

Send LS to RAN2 to ask to consider the following RAN1 agreements and ask RAN2 to capture them in RAN2 specification appropriately.

· Agreement (from RAN1 #114)

· Rel-18 UE supporting cell DTX is not required to monitor the following signals/channels from the gNB, during non-active periods of cell DTX 

· PDCCHs associated with DCI format 2_0 – DCI Format 2_5

· Conclusion:

· HARQ-ACK of SPS PDSCH transmitted is not impacted by non-active period of cell DRX.

· Conclusion

· The following channels are not impacted by non-active period of cell DRX

· HARQ-ACK of a DCI format without scheduling a PDSCH
· Part of the Agreement (from RAN1 #112-bis-e)

· From RAN1 point of view, Rel-18 UE supporting cell DRX is not expected to transmit the following signals/channels to the gNB during non-active periods of cell DRX.
· Periodic/Semi-persistent CSI report

Include a note saying that for the conclusions, RAN1 does not expect any specification impact.

Final LS is endorsed in R1-2310476.

Agreement
The following TP is endorsed for TS38.212.
Reason for change: The current wording doesn’t clearly capture the cases where both cell DTX and cell DRX are configured or only cell DTX or cell DTX is configured .
Summary of change: Replace “Activating or de-activating the cell DTX/DRX configuration of one or multiple serving cells for one or more UEs.” by “Activating or de-activating the cell DTX and/or DRX configuration of one or multiple serving cells for one or more UEs.”

Consequences if not approved: unclear specification
*** Unchanged parts are omitted ***

Table 7.3.1-1: DCI formats
DCI format
Usage
0_0

Scheduling of PUSCH in one cell

0_1

Scheduling of one or multiple PUSCH in one cell, or indicating downlink feedback information for configured grant PUSCH (CG-DFI)

0_2
Scheduling of PUSCH in one cell

1_0

Scheduling of PDSCH in one cell

1_1

Scheduling of one or multiple PDSCH in one cell, and/or triggering one shot HARQ-ACK codebook feedback

1_2
Scheduling of PDSCH in one cell

2_0

Notifying a group of UEs of the slot format, available RB sets, COT duration and search space set group switching

2_1

Notifying a group of UEs of the PRB(s) and OFDM symbol(s) where UE may assume no transmission is intended for the UE
2_2

Transmission of TPC commands for PUCCH and PUSCH

2_3

Transmission of a group of TPC commands for SRS transmissions by one or more UEs

2_4

Notifying a group of UEs of the PRB(s) and OFDM symbol(s) where UE cancels the corresponding UL transmission from the UE

2_5
Notifying the availability of soft resources as defined in Clause 9.3.1 of [10, TS 38.473]
2_6
Notifying the power saving information outside DRX Active Time for one or more UEs
2_7

Notifying paging early indication and TRS availability indication for one or more UEs.

2_9

Activating or de-activating the cell DTX/DRX and/or DRX configuration of one or multiple serving cells for one or more UEs.

3_0

Scheduling of NR sidelink in one cell

3_1

Scheduling of LTE sidelink in one cell

4_0

Schedulng of PDSCH with CRC scrambled by MCCH-RNTI/G-RNTI for broadcast

4_1

Schedulng of PDSCH with CRC scrambled by G-RNTI/G-CS-RNTI for multicast

4_2

Schedulng of PDSCH with CRC scrambled by G-RNTI/G-CS-RNTI for multicast

*** Unchanged parts are omitted ***

Agreement

For CSI report associated with P/SP CSI-RS resource and configured with reportQuantity including RI, when cell DTX is configured

· the UE reports a CSI report only if receiving at least one CSI-RS transmission occasion of each P/SP CSI-RS resource for channel measurement and/or interference measurement for the CSI report in cell DTX active period no later than CSI reference resource and drops the report otherwise.

Agreement

Cell DTX/DRX operation is only supported for sTRP.

Agreement

TP #22-4 (old #16-1) (TS38.214)

Reasons for change:

For a CSI reporting configured with reportQuantity comprising at least ‘RI’, if the time domain restriction for channel measurements or interference measurements is enabled and the most recent CSI-RS associated with the CSI resource setting occurs during non-active periods of cell DTX, UE has to skip this CSI reporting, which may impact the system performance.
Summary of change:

When cell DTX operation is configured and the time domain restriction for channel measurements or interference measurements is enabled, the CSI-RS used for the corresponding measurements can be redefined as the most recent CSI-RS within the active periods of cell DTX.
Consequences if not approved:

For a CSI reporting, if the time domain restriction for channel measurements or interference measurements is enabled and the most recent CSI-RS associated with the CSI resource setting occurs during non-active periods of cell DTX, UE has to skip this CSI reporting, which may impact the system performance.
---------------------------- Start of Text Proposal for TS 38.214 -----------------------------

5.2.2.1
Channel quality indicator (CQI)

< Unchanged parts are omitted >
If the higher layer parameter timeRestrictionForChannelMeasurements is set to "notConfigured", the UE shall derive the channel measurements for computing CSI value reported in uplink slot n based on only the NZP CSI-RS, no later than the CSI reference resource, (defined in TS 38.211[4]) associated with the CSI resource setting. 

If the higher layer parameter timeRestrictionForChannelMeasurements in CSI-ReportConfig is set to "Configured", the UE shall derive the channel measurements for computing CSI reported in uplink slot n based on only the most recent, no later than the CSI reference resource, in cell DTX active time if cell DTX is activated, occasion of NZP CSI-RS (defined in [4, TS 38.211]) associated with the CSI resource setting. 

If the higher layer parameter timeRestrictionForInterferenceMeasurements is set to "notConfigured", the UE shall derive the interference measurements for computing CSI value reported in uplink slot n based on only the CSI-IM and/or NZP CSI-RS for interference measurement no later than the CSI reference resource associated with the CSI resource setting. 

If the higher layer parameter timeRestrictionForInterferenceMeasurements in CSI-ReportConfig is set to "Configured", the UE shall derive the interference measurements for computing the CSI value reported in uplink slot n based on the most recent, no later than the CSI reference resource, in cell DTX active time if cell DTX is activated, occasion of CSI-IM and/or NZP CSI-RS for interference measurement (defined in [4, TS 38.211]) associated with the CSI resource setting.

< Unchanged parts are omitted >

--------------------------------------- End of Text Proposal ----------------------------------
Agreement

TP #6-1 (TS38.213)

Reasons for change:

There are multiple types of CSS, and specification unclear which CSS could be applicable for DCI format 2-9.

Summary of change:

Specify DCI format 2-9 uses Type 3 CSS.

Consequences if not adopted:

Ambiguous specification.

11.5
Adaptation of cell operation

A UE configured for operation on a serving cell according to one or both of a cell DTX operation by cellDTXConfig and a cell DRX operation by cellDRXConfig for the serving cell [11, TS 38.331], can be additionally provided by dci-Format2-9 a search space set to monitor PDCCH for detection of DCI format 2_9 according to a Type3-PDCCH common search space as described in clause 10.1, and a location in DCI format 2_9 by position-inDCI-NES of a cell DTX/DRX indicator field for the serving cell 

*** Unchanged parts are omitted ***



In last RAN1 #114 meeting, the following agreement were made [6],
	Agreement

DCI format 2_X, for activation and deactivation of cell DTX and DRX configuration, 

· at least includes following fields, 

· N information block field(s), 

· Spare/reserved padding bits to match the size configured for DCI 2_X (if needed)

· payload size is configurable and within the bounds set by existing RAN1 specification

· an information block field contains signaling of activation or deactivation of ‘a configuration of cell DTX and/or DRX’ of ‘a serving cell’

· for serving cell configured with SUL, the same bit is applicable for both NUL and SUL

Above applies at least for sTRP case.

Agreement

For at least the case where one cell DTX/DRX pattern is configured, an information block field of DCI format 2_X for activation and deactivation of cell DTX and DRX configuration supports the following:

· Separate (activation/deactivation) signaling for cell DTX and cell DRX, i.e. one activation/deactivation signaling sub-field for cell DTX configuration and one activation/deactivation signaling sub-field for cell DRX configuration

· Separate 1 bit indication for each of activation/deactivation for one cell DTX and one cell DRX

Above does not imply that multiple DTX/DRX patterns is not supported.

Agreement

Support new RNTI (e.g. nes-RNTI) which is configured by higher layer, for scrambling of DCI format 2_X

Agreement

From RAN1 point of view, DCI format 2_X supports activation/deactivation of cell DTX/DRX configuration of multiple serving cells and support activation/deactivation per cell

· UE monitor DCI format 2_X in one serving cell

Agreement

Delay that is applied after DCI Format 2_X reception that activate/deactivate cell DTX/DRX configuration is introduced in Rel-18.

Agreement

DCI format 2_X is monitored in the common search space
Note: Search space set configuration for DCI format 2_X is separately provided by higher layers
Agreement

The following high layer signaling are to be included to the RRC parameter list for new DCI format 2_X for activation and deactivation of cell DTX/DRX
· search space set configuration with new DCI format 2_X

· DCI size for new DCI format 2_X

Agreement

· An information block field of DCI format 2_X is variable size either 1 or 2 bits.

· Higher layer signaling configures whether the activation/deactivation of cell DTX and/or cell DRX is indicated in DCI format 2_X for a serving cell.

· If both cell DTX and cell DRX are configured for a serving cell, 

· 1st bit corresponds to activation/deactivation of cell DTX configuration, and

· 2nd bit corresponds to activation/deactivation of cell DRX configuration, 

· otherwise, the 1 bit corresponds to the configured cell DTX or cell DRX configuration.

· Note: this does not imply there may be separate higher layer signaling to enable L1 signaling based activation/deactivation for a cell DTX and/or cell DRX configuration. Signaling design is up to RAN2.

Agreement

For each serving cell configured with L1 signaling based activation/deactivation of cell DTX and/or cell DRX configuration, starting bit position of an information block of DCI format 2_X is provided by UE specific higher layer signaling.

Agreement

· UE is expected to apply cell DTX or DRX activation/deactivation change at beginning of the slot X where the SCS of slot X is with respect to the active DL or UL BWP of the serving cell, respectively.

· Slot X is the first slot whose beginning is no earlier than (i.e., same or after) beginning of slot n + D, where D is the delay and n is the slot containing the PDCCH of DCI format 2_X based on SCS of PDCCH.

SCS of PDCCH (kHz)

Value of D (in unit of slot)

15

3
30

6
60

12
120

24
480

96
960

192
Agreement

Rel-18 UE supporting cell DTX is not required to monitor the following signals/channels from the gNB, during non-active periods of cell DTX 

· PDCCHs associated with DCI format 2_0 – DCI Format 2_5

Conclusion:

· HARQ-ACK of SPS PDSCH transmitted is not impacted by non-active period of cell DRX.

Agreement

For the FFS from agreement from RAN1 #112bis

· SRS for positioning is not impacted by cell DRX operation.

Conclusion

· The following channels are not impacted by non-active period of cell DRX

· HARQ-ACK of a DCI format without scheduling a PDSCH




In RAN1 #113 meeting, the following agreement were made [3],

	Agreement

Confirmation of WA from previous meeting with removal of the two sub-bullets.

Working Assumption

· Support of L1 signaling at least for activation/deactivation of a cell DTX and/or DRX configuration is feasible (e.g., in terms of enabling/disenabling the feature) from RAN1 perspective.
· This does not imply that L1 activation/deactivation is supported in Rel-18\

· Note: Reliability, overhead, and benefits are FFS

Agreement

· DCI format for group common L1 signaling using PDCCH for cell DTX/DRX activation and deactivation (downselect just one among alternatives)

· Alt 1) DCI Format 2_6 (power saving information outside DRX Active Time)
· FFS: Monitoring within DRX active time

· FFS: Field content

· Alt 2) Based on new DCI format 2_X

· Field content format

· Block number 1, block number 2, …, block number N

· For each block should at least support the following:

· DTX configuration activation/deactivation

· DRX configuration activation/deactivation

· FFS: other field details, mapping of UE and each blocks

· DCI size indicated by higher layers

· FFS: RNTI

· FFS: application delay, timers for activation/deactivation
· FFS: handling of multiple cells including when UE supports different number of cells

· FFS: details on PDCCH monitoring aspects, including but not limited to:

· Search Space

· PDCCH monitoring occasion

· slots to monitor (during cell DTX/DRX non-active periods, and active periods)

· BD/CE aspects

· FFS: UE behavior upon reception of the group common PDCCH (during cell DTX/DRX non-active periods, and active periods), including fallback behavior (if any)

Agreement

For the group common L1 signaling using PDCCH for cell DTX/DRX activation and deactivation

· Alt 2) Based on new DCI format 2_X

· DCI size budget is not increased

· Number of required BDs is not increased

· FFS: PDCCH monitoring configuration for the new DCI format is identical to PDCCH monitoring configuration for DCI format 2_6 if the UE monitors both DCI formats

· FFS: New RNTI is used




In last RAN1 #112b meeting, the following agreement were made [2],

	Agreement

From RAN1 point of view, Rel-18 UE supporting cell DTX does not expect to receive and/or process the following signals/channels from the gNB, during non-active periods of cell DTX. The list of signals/channels may be updated based on RAN2/RAN4 input and other signals/channels are not precluded from further discussions.

· Periodic/Semi-persistent CSI-RS configured in CSI report configuration in CSI-ReportConfig with reportQuantity including RI (for CSI reporting)

· FFS:

· PDCCH in USS

· UE behaviour for retransmission
· if some specific RNTI scrambled PDCCH in USS will be excluded from cell DTX operation

· PDCCH in Type-3 CSS

· UE behaviour for retransmission
· if some specific RNTI scrambled PDCCH in Type-3 CSS will be excluded from cell DTX operation

· PRS

· CSI-RS configured by measObjectNR (for RRM)

· CSI-RS associated with RadioLinkMonitoringConfig and BeamFailureDectection (for RLM and BFD)

· Periodic CSI-RS configured with trs-Info ‘true’ (for tracking)

· Periodic/Semi-persistent CSI-RS (for BM)

· FFS on how to differentiate (if needed) with other CSI-RS used for CSI reports for BM

· FFS: Whether the same or different UE behaviour is applicable with or without C-DRX

· FFS: Whether the list of impacted signals/channels can be configurable

· FFS: Whether there will be exception case(s) for UE receiving and/or processing listed signals/channels during non-active periods of DTX

· FFS: RAN1 to consider impact on system if the channels/signals are not transmitted during non-active period

Agreement

Study L1 signalling for enhancing cell DTX/DRX including activation/deactivation for a single configuration which will have the following characteristics:

· PDCCH based signaling

· FFS: Whether enhancing legacy DCI or introducing new DCI

· FFS: DCI content

· FFS: Whether L1 signaling is UE specific DCI or group common DCI

· FFS: Timer or validity duration based activation/deactivation of cell DTX/DRX

· FFS: whether to specify a reference time for activation/deactivation of cell DTX/DRX 

· FFS: If multiple Cell DTX/DRX patterns are to be supported

· FFS on detailed UE behavior upon reception of L1 signaling at least including application delay

· FFS how to guarantee reliability of the L1 signaling

· FFS whether the L1 signal can be monitored in non-active periods.
Agreement

From RAN1 point of view, Rel-18 UE supporting cell DRX is not expected to transmit the following signals/channels to the gNB during non-active periods of cell DRX. The list of signals/channels may be updated based on RAN2/RAN4 input and other signals/channels are not precluded from further discussions.

· Periodic/Semi-persistent CSI report

· Periodic/Semi-persistent SRS 

· FFS: SRS for positioning

· FFS:

· HARQ feedback for SPS PDSCH

· FFS whether there will be exception case(s) for UE transmitting listed signals/channels during non-active periods of DRX

· FFS Whether the listed signals/channels can be configurable by gNB

· FFS: Whether the same or different UE behavior is applicable with or without C-DRX

· FFS: RAN1 to consider impact on system if the channels/signals are not transmitted during non-active period

Agreement

For PDDCH monitoring, further work on Rel-18 NES in RAN1 is to follow the RAN2 agreement below:

10.
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).

Working Assumption

Support of L1 signaling at least for activation/deactivation of a cell DTX and/or DRX configuration is feasible (e.g., in terms of enabling/disenabling the feature) from RAN1 perspective.
· This does not imply that L1 activation/deactivation is supported in Rel-18\

· Note: Reliability, overhead, and benefits are FFS


In last RAN2 #123b meeting, the following agreement were made [9],

	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, 

· The start and slot offset are common for the two patterns.

· 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.

3. 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.

4.
Start offset and slot offset configuration is also common between Cell DTX and Cell DRX when both are configured 

5.
Standalone cell DRX configuration is possible to configure  

6.
Multiple configurations of Cell DTX/DRX are not pursued in Rel-18 for serving cell.
7.
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.  .


In last RAN2 #123 meeting, the following agreement were made [7],

	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.


In RAN2 #122 meeting, the following agreement were made [5],

	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.  


In RAN2 #121b meeting, the following agreement were made [4],

	Agreement

1. A periodic cell DTX/DRX configuration is explicitly signalled to the UEs. 

2. A periodic cell DTX/DRX pattern is configured by UE specific RRC signalling. 

3. The Cell DTX/DRX configuration contains at least: periodicity, start slot/offset, on duration. 

4. 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. 

5. 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

6. 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

7. As baseline, UE does not transmit on CG occasions during Cell DRX non-active periods

8. 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 to support high priority traffic 

9. (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.  

10. 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
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