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1. Introduction
The new Rel-18 WI of network energy saving NR was approved in RAN#98e [1], and the following objectives are included.
	2. Specify enhancement on cell DTX/DRX mechanism including the alignment of cell DTX/DRX and UE DRX in RRC_CONNECTED mode, and inter-node information exchange on cell DTX/DRX [RAN2, RAN1, RAN3]
· Note: No change for SSB transmission due to cell DTX/DRX.
· Note: The impact to IDLE/INACTIVE UEs due to the above enhancement should be avoided.


In this contribution, the mechanism on cell DTX/DRX will be focused and discussed.
2. Considerations on signals/channels of cell DTX
In the last meeting, the following agreement was reached on the UE not received signals/channel from gNB of cell DTX [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 behavior for retransmission
· if some specific RNTI scrambled PDCCH in USS will be excluded from cell DTX operation
· PDCCH in Type-3 CSS
· UE behavior 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)
· [bookmark: _Hlk134715368]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 behavior 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



For the PDCCH in USS and in Type-3 CSS, it should generally be forbidden to be transmitted by gNB in inactive period of cell DTX according to the motivation of introducing the cell DTX. However, if the retransmission timer is running, which means the UE is waiting for the HARQ-ACK, the signals/channels should be allowed to transmit for ensuring the performance of UE.
For the Periodic and semi-persistent, the PRS should not be transmitted. And Rel-17 has introduced the on-demand PRS for enhancing the NR positioning, which can be initialed by UE or LMF, but finally impacted by LMF to change the current PRS. Usually, if the Cell-DTX/DRX can be activated, there should be no demanding of positioning with small delay. So we think the on-demand PRS should also not be transmitted by gNB. 
For other reference signals, the periodic and semi-persistent ones are not needed. Thus the periodic CSI-RS configured with trs-Info ‘true’ (for tracking), Periodic/Semi-persistent CSI-RS (for BM) should not be allowed to transmit during the inactive period of DTX.
Proposal 1: Support gNB not to transmit the following signals/channels to UE during the non-active period of cell-DTX.
· PDCCH in USS if the retransmission time is not running.
· PDCCH in Type-3 CSS if the retransmission time is not running.
· PRS 
· Periodic CSI-RS configured with trs-Info ‘true’ (for tracking)
· Periodic/Semi-persistent CSI-RS (for BM)
For the UE behavior, since the cell DTX only not allow some channels/signals to be transmitted by gNB, it is no need for UE to change its behavior. Even if the C-DRX is applied, since it is gNB not to transmit some signals/channels, there is no need to consider different UE behavior for Cell DTX.
Observation 1: There is no need to consider the different UE behavior for Cell DTX.
For all the above signals/channels, most of them are semi-persistent or periodical, the corresponding aperiodic or dynamic are allowed to transmit. Therefore, to reduce the energy for transmitting as much as possible, all the listed signals/channels should all be forbidden in the non-active duration of cell DTX.
Proposal 2: Not support gNB to configure the listed signals/channels for cell-DTX.
While for balancing network energy consumption and the network performance, most of the signals/channels mentioned above should not be transmitted, but the retransmission should be an exception, which will cause the performance degradation of the network from the prospective of delay. But for the reference signals, the function of most of which is to measure the channel condition, which usually has no special requirement for delay, and the aperiodic signals are still allowed, can always be forbidden to transmit.
Observation 2: There is no need to allow the transmission of reference signals during the non-active periods of Cell DTX.

Proposal 3: To reduce the delay caused by the Cell-DTX, the signals/channels related to the retransmission should be an exception.
3. Considerations on signals/channels of cell DRX
In the last meeting, the following agreement was reached on the UE not transmit signals/channel to gNB of cell DRX [2].
	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




Similar to the Cell DTX, the SRS for positioning should not be transmit to gNB, even it is aperiodic. If the UE does have the demanding for urgent positioning with low latency, what it should do is to wake up the gNB from the Cell-DRX state. 
[bookmark: OLE_LINK2]Proposal 3: SRS for positioning should not be transmitted to gNB during non-active periods of cell DRX
[bookmark: OLE_LINK1]For the cell DRX, the UE can also transmit the signals/channels not allowed for the non-active period of Cell DRX, but it is obviously useless. So, it is better for UE to stop transmitting the signals/channels. Besides, the difference of UE behavior can be rather small. However, the C-DRX should be considered separately with the Cell DRX since their influence on the UE behavior are different. 
Proposal 4: Support UE to stop transmitting the signals/channels not allowed to transmit in the non-active period of Cell DRX.
Also, similar to that of Cell-DTX, there is no need to configure the listed signals/channels by gNB.
[bookmark: OLE_LINK7]Proposal 5: Not support gNB to configure the listed signals/channels for cell-DRX.
4. [bookmark: _Hlk118386501]Considerations on the L1 signaling for UE DTX/DRX
The following agreements and working assumptions were reached in the last meeting.
	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.
Working Assumption
[bookmark: _Hlk134737635]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




The configuration of Cell DTX/DRX should be done by RRC. How to activate the Cell DTX/DRX can be further discussed, but at least the adopting L1 signaling for activation/deactivation of the Cell DTX and/or DRX configuration can be a flexible and efficient method. Which can happen before the activation of the Cell DRX/DTX, so that UE will have time to prepare for the Cell DTX/DRX, e.g., modify the configuration of C-DRX, stop the transmission of some channels/signals.
Proposal 6:
Confirm the working assumption for L1 signaling, i.e., 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.
Since the L1 signaling is just to activation/deactivation of the configuration, which means the configuration has been done previously. For most UE, introduce the indication is enough, 1 bit for cell DTX and 1 bi for Cell DRX, therefore it is no need to introduce the new DCI format. Since the RAN2 has already decided that the Cell DTX/DRX is cell specific, the indication should also be a group common DCI.
Proposal 7:
Support to enhancing the legacy DCI for L1 signaling of activation/deactivation of the cell DRX/DTX configuration.
· The indication should be separately configured for cell DTX and DRX.
· The DCI should be group common.
Note that the L1 signaling is for activation/deactivation of the configuration, not the Cell DTX/DRX. There is still a period of time for UE to wait for the activation/deactivation of the Cell DTX/DRX. C-DRX is a UE specific feature while the cell specific feature. During the period, if the C-DRX is applied or configuration, it can be a good opportunity for UE to modify its configuration to align with the cell DTX/DRX.
Observation 3: On receiving the L1 signaling for activation/deactivation of the configuration of Cell DTX/DRX, UE with C-DRX can modify its related configuration to align with the Cell DTX/DRX.
5. Considerations on alignment with the UE DTX/DRX
Cell DTX/DRX is configured separately with the C-DRX, the collision will happen sometimes. Take the cell DTX for example, as shown in Fig.1, when the C-DRX mechanism is also adopted, UE/Cell can monitor the WUS in the on duration, and if there is no overlap between the on duration for cell DTX and UE, both UE won’t detect the DL signals, e.g., PDCCH. What’s more, the UE may also fail to detect the WUS for C-DRX. What’s more, if the cell DRX is adopted, the situation can happen that when the cell detects the UL signals such as SR in the on duration, but the UE can’t detect the PDCCH scheduling transmitted by the cell corresponding to the SR. 


Fig 1. The illustration of conflict between C-DRX and Cell DRX
Two mechanisms can be considered to avoid the collision: check the collision first then configurate the DTX/DRX; configure and activate the cell DTX/DRX first then check the collision and then adjust the configuration to avoid it. For the first mechanism, it can be very complex and can hardly find the proper configuration for cell DTX/DRX if there are too many UEs configured with C-DRX in the cell. For the second mechanism, the question is how the UE/cell can know that the collision happens since both UE and cell are in the sleep mode. 
To avoid the collision, we think the configuration of longest time of cell DTX/DRX can be introduced. The cell must be woken up after a period of time to ensure that the signals from UE won’t be missed for too much time and cause the degradation on the network performance. If there is no signals/channels be detected, the cell can then go back to the DTX/DRX state.
[bookmark: _Hlk126164765]Proposal 8:  
[bookmark: OLE_LINK6]The configuration of the longest time for cell DTX/DRX should be introduced to avoid the collision with C-DRX.

6. Conclusion
In this paper, China Telecom’s views on the issues for network energy saving techniques are given.
Proposal 1:  
The mechanism of cell DTX and cell DRX should be discussed separately. 
· At least the alignment with C-DRX should be considered separately.
Proposal 2:    
Support cell DTX applied to at least the following signals/channels.. 
· PDCCH in USS
· SPS-PDSCH
· PTRS
· Periodicity/semi-periodicity CSI-RS/TRS.
Proposal 3:
Support cell DRX applied to at least the following signals/channels. 
· PUCCH with periodicity/semi-periodicity CSI
· SR
· CG-PUSCH
· Periodicity/semi-periodicity SRS 
Proposal 4: 
The activate of cell DTX/DRX should be decided by the network.
· The assistant information from UE and neighbor cells can reported to the cell for making the decision.
Proposal 5: 
The WUS from UE can be considered for gNB to trigger the de-activating of cell DTX/DRX.
· The low layer signals, i.e. MAC CE or UCI, should be used as the WUS signal.
· The assistant information of neighbor cells can also be used for gNB to judge the network condition and de-activate the cell DTX/DRX. 
Proposal 6:
The configuration, activation/de-activation of cell DTX/DRX should be done separately.
Proposal 7:
The configuration of cell DTX/DRX should be regarded independently instead of as the enhancement of C-DRX.
Proposal 8:
The configuration of the longest time for cell DTX/DRX should be introduced to avoid the collision with C-DRX
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