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Introduction
In RAN#98e plenary meeting, the WID for Rel.18 Network (NW) energy saving has been approved [1]. According to this WID, one of the objectives is to specify cell DTX/DRX mechanism.
	2. [bookmark: _Hlk127261166]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.



This objective is led by RAN2. In last RAN2 meeting (RAN2#121), the following agreements were achieved:
	Cell DTX/DRX:

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.



Tough RAN1 discussion should somehow follow RAN2 discussion/conclusion/agreements, some progresses were still made in last RAN1 meeting (RAN1#112) as follows:
	Agreement
· RAN1 continues discussion on the at least following physical layer related aspects of cell DTX/DRX aspects
· physical layer signals/channels and procedures expected to be impacted during non-active periods of cell DTX/DRX 
· consider impact to at least KPIs from the SI when physical layers/signals/channels are impacted by cell DTX/DRX
· Further discussions on other aspects are not precluded.
Agreement
At least the following candidate signals/channels for connected mode UEs, which the UE may be expected to not transmit or receive during non-active periods of cell DTX/DRX, are considered from RAN1 perspective for further discussion. The exact set of signals/channels that the UE may be expected to not transmit or receive is FFS.
· DL
· Periodic/Semi-persistent CSI-RS (including TRS)
· PRS
· PDCCH scrambled with UE specific RNTI
· PDCCH in Type-3 CSS
· SPS-PDSCH
· UL
· SR
· Periodic/Semi-persistent CSI report
· Periodic/Semi-persistent SRS
· CG-PUSCH
Other signals/channels are not precluded



Discussion
In our understanding, the main procedure DTX/DRX should be discussed and decided in RAN2. RAN1 could focus on which signal can be postponed and which signal should be transmitted during Cell DTX/DRX non-active time. In this contribution, we share our views on which signal can be postponed during Cell DTX/DRX non-active time.
Before raising details, we think a basic assumptions should be discussed first, e.g., how long the cell DTX/DRX non-active time would be. The reason is that if the duration of one cell DTX/DRX non-active time is very long, such as hundreds of milliseconds, the discussion on which signal can be postponed during Cell DTX/DRX non-active time may be meaningless. It is because in case with a hundred-millisecond duration of cell DTX/DRX time, most of connected UEs will be out of the DL/UL synchronization with the gNB due to the crystal oscillation jitter at both the transmitter and receiver, doppler shift of UEs and the change of UE TA. Without the synchronization in between, no signal dedicated to connected UEs can be transmitted or received by the gNB/the connected UEs.
Hence, we should discuss the assumption on the duration of one cell DTX/DRX non-active time first before trying to achieve further conclusion/agreements on which signal can be postponed during Cell DTX/DRX non-active time.
Observation 1. The assumption on the length of the cell DTX/DRX non-active period should be discussed first to guarantee an efficient further discussion on which signal can be postponed during Cell DTX/DRX non-active time in RAN1.
Proposal 1: In discussion on which signal can be postponed during Cell DTX/DRX non-active time, it assumes that the Cell DTX/DRX non-active time at most lasts for X ms.
· RAN1 discusses and decides the value of X.
Then, regarding to which signal can be postponed during Cell DTX/DRX non-active time, we have the following proposal:
Proposal 2: During Cell DTX/DRX non-active time, UE shall expect that at least the following UE-specific channels/signals are not transmitted/received:
· DL:
· CSI-RS.
· UE-specific PDCCH.
· PRS.
· UL:
· PUCCH carrying CSI reports.
· SRS.
· Note: For aperiodic CSI-RS/SRS, if it is triggered by PDCCH transmitted during active period, the UE is expected to receive/transmit it.
We would elaborate the reasons why we have the above proposal. 
Frist of all, if a signal has to be transmitted during Cell DTX/DRX non-active time, the signal must be urgent and important. ‘Urgent’ means that this signal cannot wait for next active duration. ‘Important’ means that some serious problems may be caused if the signal cannot be timely transmitted. For example, RACH, paging, and SIBs in idle/inactive mode are both urgent and important when they are necessary. This is why RAN2 has agreed no impact to RACH, paging, and SIBs in idle/inactive for both gNB and Rel-18 and legacy UEs.
Instead of further considering which signals/channels else are important and urgent except for RACH, paging, and SIBs, it seems more reasonable to consider which signals/channels are not expected to make progress.
Details of our consideration are listed below:
· Physical channels:
· [bookmark: _Hlk131760117]UE-specific PDCCH can be suspended during Cell DTX/DRX non-active time.
· This is in line with the legacy behavior of UE DRX.
· This means UE-specific DG PDSCH and DG PUSCH cannot be scheduled during Cell DTX/DRX non-active time.
· This also means that aperiodic CSI-RS cannot be triggered during Cell DTX/DRX non-active time as well, unless the aperiodic CSI-RS is triggered by PDCCH transmitted during active period, in which case it is expected to be received by the UE.
· The gNB knows well when the active period completes and when the non-active period starts. If the gNB triggers a CSI-RS which would be transmitted during non-active period, the transmission of the CSI-RS must be for a certain purpose such as for scheduling strategy decision.
· Whether CG-PUSCH/SPS-PDSCH can be suspended or not during Cell DTX/DRX non-active time depends on whether any UE with stringent latency/reliability requirement stays in the NES carrier.
· CG-PUSCH/SPS PDSCH can be suspended to obtain more power saving gain when Cell DRX/DTX. If CG-PUSCH/SPS PDSCH can be expected within this duration, the power saving efficiency of Cell DRX/DTX would decrease.
· The gNB can offload the latency/reliability stringent data to other carriers if any. Or the gNB can configure the UE to receive CG-PUSCH/SPS-PDSCH in cell DRX non-active period, if really necessary.
· Whether PUCCH carrying HARQ-ACK can be suspended depends on whether SPS/DG PDSCH is allowed.
· For example, if SPS PDSCH are available within the duration, the PUCCH carrying HARQ-ACK is required.
· If DG PDSCH and SPS PDSCH are both unexpected by UEs within this duration, PUCCH carrying HARQ-ACK is not expected as well.
· Whether PUCCH carrying SR can be suspended or not during Cell DTX/DRX non-active time depends on whether any UE with stringent latency/reliability requirement stays in the NES carrier.
· The gNB can offload the latency/reliability stringent data to other carriers if any. Or the gNB can configure the UE to transmit SR in cell DRX non-active period, if really necessary.
· PUCCH carrying periodic/semi-persistent CSI report can be suspended during Cell DTX/DRX non-active time.
· More details can be found in the analyses on periodic/semi-persistent CSI-RS resource.
· Reference signal:
· CSI-RS can be suspended during Cell DTX/DRX non-active time.
· Periodic/semi-persistent CSIRS for channel measurement can be suspended. 
· UE can perform measurement on aperiodic CSI-RS/SSB, when necessary.
· The discussion on aperiodic CSIRS can be found in the part about UE-specific PDCCH.
· CSI-RS for beam management can be suspended.
· UEs can perform measurement for beam management based on SSB. Besides, if UE DRX aligns with Cell DTX, the configuration on the measurement period for beam failure detection should consider the value of UE DRX cycle which may configured in legacy manner.
· CSI-RS for mobility can be suspended.
· UE can perform measurement based on SSB. This is in line with the legacy behavior. When UEs are in a sleep duration of legacy DRX mode, UEs are not required to perform measurement or not expect CSI-RS are available for mobility.
· SRS can be suspended during Cell DTX/DRX non-active time.
· SRS is not necessary if no regular PUSCH is needed within this duration. Besides, even though there is no SRS, the gNB can still schedule PUSCH with a conservative strategy. The conservative strategy can help to improve the reliability of once transmission and, hence, reduce the unavoidable waking-up time of both the gNB and the UEs.
· The discussion on aperiodic SRS can be found in the part about UE-specific PDCCH.
· PRS can be suspended/avoided during Cell DTX/DRX non-active time.
· PRS can be suspended by gNB implementation.
[bookmark: _Ref228947482]Conclusions
In this contribution, we discuss which signal can be postponed during Cell DTX/DRX non-active time. We have following observation and proposals:
 Observation 1. The assumption on the length of the cell DTX/DRX non-active period should be discussed first to guarantee an efficient further discussion on which signal can be postponed during Cell DTX/DRX non-active time in RAN1.

Proposal 1: In discussion on which signal can be postponed during Cell DTX/DRX non-active time, it assumes that the Cell DTX/DRX non-active time at most lasts for X ms.
· RAN1 discusses and decides the value of X.
Proposal 2: During Cell DTX/DRX non-active time, UE shall expect that at least the following UE-specific channels/signals are not transmitted/received:
· DL:
· CSI-RS.
· UE-specific PDCCH.
· PRS.
· UL:
· PUCCH carrying CSI reports.
· SRS.
· Note: For aperiodic CSI-RS/SRS, if it is triggered by PDCCH transmitted during active period, the UE is expected to receive/transmit it.
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