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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 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 #121b meeting, the following agreement were made [3],

	Agreement

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. 

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

3. 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. 

4. 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

5. 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

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

7. 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 

8. (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.  

9. 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




In this contribution, we provide our understandings for cell DTX/DRX for network energy saving.
2 Discussion
2.1 cell DTX/DRX’s impaction on DL/UL channels
Specific channels that the UE may be expected to not transmit or receive during non-active periods of cell DTX/DRX was discussed but with no consensus. From our understanding, if cell DTX/DRX is semi-statically operated, then all the dynamic channels/signals, such as dynamically scheduled PDSCH/PUSCH/PUCCH(HARQ-ACK/CSI report)/reference signal, should have higher priority over cell DTX/DRX to enable flexible scheduling. For example, if DCI is transmitted by gNB before cell DRX non-active period, and the DCI schedules a PUSCH that falling into the cell DRX non-active period, UE should still transmit the PUSCH and correspondingly, gNB should receive that scheduled PUSCH since its gNB’s intention to do that dynamic scheduling during cell DRX non-active period. 
Proposal 1: Dynamically scheduled PDSCH/PUSCH/PUCCH(HARQ-ACK/CSI report)/reference signal, should be allowed to transmit/receive during non-active period of cell DTX/DRX.

For HARQ-ACK of SPS PDSCH, the time location of the PUCCH carrying the HARQ-ACK information is configured by RRC and indicated by SPS PDSCH activation DCI, so both gNB and UE can know in advance whether the PUCCH for HARQ-ACK of SPS PDSCH falls into the cell DRX non-active period or not. Our view is that gNB should avoid scheduling DL TB on those SPS PDSCH resources whose PUCCH for HARQ-ACK overlapping with cell DRX non-active period, and UE also does not need to transmit HARQ-ACK of SPS PDSCH during cell DRX non-active period.

Proposal 2: UE does not transmit HARQ-ACK of SPS PDSCH during cell DRX non-active period.
For the dynamically scheduling/triggering DCI itself, obviously it should not be transmitted during non-active period of cell DTX. But as to whether PDCCH in USS/Type 3 CSS should be impacted by cell DTX, companies have diverse views. Our thinking is, although gNB can completely control by implementation not to transmit DCI in PDCCH in USS/Type 3 CSS during non-active period, but from the UE side, for the sake of UE power saving, specification is needed to say that UE does not expect to receive and/or process PDCCH in USS/Type 3 CSS. Otherwise, UE has to do PDCCH monitoring frequently even during non-active period of cell DTX, which is not acceptable for UE vendors.
Proposal 3: UE does not expect to receive and/or process PDCCH in USS/Type 3 CSS during non-active period of cell DTX.
Another issue is the impact on periodic reference signals for RLM/BFD/BFR. 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.

During cell DTX non-active period, periodic/semi-persistent CSI-RS, at least for those configured in CSI report configuration in CSI-ReportConfig with reportQuantity including RI, will not be transmitted, so CSI measurements as well as CSI report, will be impacted or not transmitted. During cell DRX non-active period, UE would not transmit periodic/semi-persistent CSI report and periodic/semi-persistent SRS, so the related CSI-RS/CSI-IM transmission would be unnecessary, and gNB would could only do the UL channel adaptation scheduling based on aperiodical SRS.
Observation 1: During cell DTX non-active period CSI report with reportQuantity including RI does not need to be transmitted. During cell DRX non-active period, CSI-RS/CSI-IM transmission related to periodic/semi-persistent CSI report is not necessary and gNB would could only do UL channel adaptation scheduling based on aperiodical SRS.
2.2 L1 signalling for enhancing cell DTX/DRX
L1 activation/deactivation for cell DTX/DRX is extensively discussed in last meeting. From our view, when gNB configures cell DTX/DRX, the gNB is expecting a semi-static process, and cell DTX/DRX cycle should be values such as 320/640/1024ms. The advantage of L1 activation/deactivation is flexibility or dynamic adjusting, but hen cell DTX/DRX is activated or deactivated, the application duration would last at least for one cell DTX/DRX cycle, and very possibly, tens or hundreds of cycles. With such time domain granularity, dynamic activation or deactivation by L1 signaling does not bring clear benefit compared to RRC configuration/de-configuration but increase UE complexity.
Observation 2: Dynamic activation or deactivation by L1 signalling does not bring clear benefit compared to RRC configuration/de-configuration for cell DTX/DRX.

Another issue about L1 activation/deactivation is reliability. If L1 activation/deactivation is sent be gNB but is not received by UE, then UE would still expect to receive DL signals and transmit UL signals as normal while as gNB has already turn into non-active mode, and it would cause very negative impacts on UE. If L1 activation/deactivation is introduced, reliability issue should be considered.  
Proposal 9: How to guarantee reliability of L1 activation/deactivation should be considered if L1 activation/deactivation is introduced.
Compared to L1 activation/deactivation, what’s really worth considering is L1 signalling for adjusting cell DTX/DRX on-off pattern, such as dynamically extend/terminate the on duration as needed by really-time traffic. For example, when cell DTX on duration is not long enough to transmit all the DL data in buffer, gNB can send L1 signalling to extend the on duration for an extra period, so that all the DL data in buffer can be transmitted in the current on duration without waiting for the next cell DTX cycle. And when gNB has transmitted all the DL data in buffer and expects no data coming for the rest of  on duration, then gNB can L1 signalling to early terminate the on duration. 

Another possible solution is to combine dynamic adjusting cell DTX/DRX on-off pattern with L1 activation/deactivation. For example, gNB can configure multiple on durations with different time length for one cell DTX/DRX pattern, and gNB can use L1 activation signalling to indicate which on duration will be applied in the following activated cell DTX/DRX pattern.
Proposal 10: L1 signalling for adjusting cell DTX/DRX on-off pattern should be considered, and can also be combined with L1 activation/deactivation.
2.3 Interaction between cell DTX and UE C-DRX. 

It is possible that UE is configured with C-DRX while the gNB configures cell DTX, the interaction between cell DTX and UE C-DRX should be considered. In general, we need to specify the UE/gNB behavior under the following 4 status,
Status 1: gNB active, UE active

Status 2: gNB active, UE non-active

Status 3: gNB non-active, UE active

Status 4: gNB non-active, UE non-active

For Status 1, obviously, the transmission and receiving of gNB and UE should be kept as normal. For Status 2, the UE/gNB behavior follows the specification of UE C-DRX. For Status 3, the UE/gNB behavior follows the specification of cell DTX. For Status 4, generally, the UE/gNB behavior should follow both the specification of cell DTX and UE C-DRX, but since the discussion on cell DTX is not complete, there may be some conflicting behaviors defined separately by cell DTX and UE C-DRX, and such conflictions should be handled case by case.  
Proposal 11: For Status 1, the UE/gNB behavior are kept as normal. For Status 2, the UE/gNB behavior follows the specification of UE C-DRX. For Status 3, the UE/gNB behavior follows the specification of cell DTX. For Status 4, suggest to complete specification of cell DTX first, and handle the conflicting behaviours defined separately by cell DTX and UE C-DRX case by case.
A specific issue about interaction between cell DTX and UE C-DRX is whether gNB will scheduling dynamic grants (for retransmission) during the cell DTX non-active period when UE C-DRX retransmission timer is running. From our understanding, the intention of resuming gNB scheduling during the cell DTX non-active period is to guarantee data transmission latency, otherwise the transmitter has to wait until the next cell DTX on duration to do retransmission, and the latency of which would be unacceptable to some latency sensitive services. 

In existing spec, for UE configured with C-DRX, for each DL HARQ process, DL retransmission timer will be started if UE has feedback NACK for that HARQ process, and for each UL HARQ process, UL retransmission timer will be started if UE has transmitted PUSCH. So it DL retransmission scheduling is needed for sure if DL retransmission timer is initiated, but UL retransmission scheduling is not needed in most cases when UL retransmission timer is initiated, since for about 90% probability, the PUSCH will be received correctly by gNB.
Based on above analysis, we support to resume gNB scheduling during the cell DTX non-active period when DL retransmission timer is running, and gNB should only schedule DL grants for retransmission.
Proposal 12: Support to resume gNB scheduling during the cell DTX non-active period when DL retransmission timer is running.
2.4 PUCCH cell switching for cell-DRX
It is agreed in last meeting that during cell DRX non-active period, UE would not transmit periodic/semi-persistent CSI report. And it is very possible that UE would not transmit PUCCH for HARQ-ACK of DG 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.
2.5 Association between cell DTX and cell DRX. 
One question needs to be considered is, whether cell DTX and cell DRX are two independent features, or they should be bundled together. If a serving cell is in DTX off state, gNB would not transmit CSI-RS/CSI-IM or schedule PDSCH and dynamic PUSCH, so correspondingly, UE has no need to transmit CSI report/HARQ-ACK for PDSCH/DG-PUSCH or SRS, and gNB does not need to receive those channels/signals either which is similar as “cell DRX off”. It can be seen that there is a tight association between cell DTX and cell DRX, DTX pattern and DRX pattern should be aligned. On the other hand, even the serving cell is in DTX off state, UE can still transmit CG-PUSCH, and gNB should detect and receive that CG-PUSCH, which means the serving cell is not DRX off, and from this aspect, cell DTX state and cell DRX state can also be independent.
Proposal 14: Whether cell DTX and cell DRX should be configured/indicated jointly or separately should be considered.

3 Conclusions

In this contribution, we propose the followings:
Proposal 1: Dynamically scheduled PDSCH/PUSCH/PUCCH(HARQ-ACK/CSI report)/reference signal, should be allowed to transmit/receive during non-active period of cell DTX/DRX.

Proposal 2: UE does not transmit HARQ-ACK of SPS PDSCH during cell DRX non-active period.
Proposal 3: UE does not expect to receive and/or process PDCCH in USS/Type 3 CSS during non-active period of cell DTX.
Proposal 4: Periodic reference signals related to RLM/BFD/BFR procedures should be transmitted during non-active period of 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.
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.
Proposal 8: Support UE to transmit high priority SR during Cell DRX non-active period.

Observation 1: During cell DTX non-active period CSI report with reportQuantity including RI does not need to be transmitted. During cell DRX non-active period, CSI-RS/CSI-IM transmission related to periodic/semi-persistent CSI report is not necessary and gNB would could only do UL channel adaptation scheduling based on aperiodical SRS.
Observation 2: Dynamic activation or deactivation by L1 signalling does not bring clear benefit compared to RRC configuration/de-configuration for cell DTX/DRX.

Proposal 9: How to guarantee reliability of L1 activation/deactivation should be considered if L1 activation/deactivation is introduced.
Proposal 10: L1 signalling for adjusting cell DTX/DRX on-off pattern should be considered, and can also be combined with L1 activation/deactivation.
Proposal 11: For Status 1, the UE/gNB behavior are kept as normal. For Status 2, the UE/gNB behavior follows the specification of UE C-DRX. For Status 3, the UE/gNB behavior follows the specification of cell DTX. For Status 4, suggest to complete specification of cell DTX first, and handle the conflicting behaviours defined separately by cell DTX and UE C-DRX case by case.
Proposal 12: Support to resume gNB scheduling during the cell DTX non-active period when DL retransmission timer is running.
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: Whether cell DTX and cell DRX should be configured/indicated jointly or separately should be considered.
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