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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,

 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, we provide our some of understandings for cell DTX/DRX for network energy saving.
2 Discussion
2.1 Application for cell DTX/DRX
To facilitate discussion, we denote the state that gNB can transmit DL channels/signals normally as DTX on, and the state that gNB cannot transmit DL channels/signals normally as DTX off, we denote the state that gNB can receive UL channels/signals normally as DRX on, and the state that gNB can not receive UL channels/signals normally as DRX off.
gNB can fully control the Tx/Rx of dynamic scheduled channels/signals, such as dynamic PDSCH/PUSCH, aperiodical SRS/ CSI-RS, to realize an equivalent effect of cell DTX/DRX on-off for those channels/signals by implementation. But for those periodical channels/signals, such as periodical CSI-RS/ SRS/ Type I CG-PUSCH/SR, or for those periodically monitored channels/signals, such as PDCCH/ PRACH, gNB can not flexibly control the Tx/Rx or monitoring of those channels/signals after configuration, so that is where the necessity of cell DTX/DRX can embody. Our understanding is, for cell DTX/DRX, it defines the states that gNB stops transmitting or receiving at least most of, if not all, the DL/UL channels/signals, so gNB can keep sleep mode to save energy. It will impact the periodically transmitted or monitored DL/UL channels/signals, and the dynamic scheduled channels/signals will also be restricted during the cell DTX off/DRX off periods.
Proposal 1: The periodically transmitted or monitored DL/UL channels/signals will be impacted by cell DTX/DRX, and the dynamic scheduled channels/signals will also be restricted during the cell DTX off/DRX off periods.
It was agreed that the impacts on RRC idle/inactive UE should be avoided, so for an anchor carrier, SSB/SI transmission and PRACH reception should not be impacted by cell DTX/DRX. Considering that the typical periodicity of SSB is 20ms and Type 0/0A/0B/1/1A/2/2A CSS and PRACH are configured on Pcell of MCG or SCG, gNB has to periodically transmit or monitor those channels, so it is hard to keep sleep mode for a relatively long period on Pcell even cell DTX/DRX applies. It is more suitable to apply cell DTX/DRX on scells, especially for those scells without SSB.
Observation 1: Cell DTX/DRX is more suitable to be applied on scells rather than sPcells
2.2 Configuration/indication for cell DTX/DRX 
 Cell DTX/DRX can be semi-static configured with a periodical on-off pattern, similar as C-DRX, take DTX as an example, as shown in Fig.1. But different from C-DRX, the cell DTX/DRX on-off pattern is not UE specific, and should be aligned among all UEs in the cell.
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Fig.1 semi-static configuration for cell DTX/DRX
Cell DTX/DRX can also be dynamically indicated, for example, DTX-off/DRX-off duration can be indicated in a DCI, similar as PDCCH skipping for R17 UE power saving. Compared to semi-static configuration, dynamic indication is more flexible and more adaptive to traffic fluctuation. 
Proposal 2: Both semi-static configuration and dynamic indication for cell DTX/DRX can be considered.
2.3 Impacts on CSI measurements and reports. 
If DTX off is applied on a serving cell, DL channels/signals such as CSI -RS/ CSI-IM will not be transmitted, so CSI measurements, as well as CSI report, will be impacted. And if DRX off is applied on a serving cell, gNB will not receive UL channels/signals such as SRS/CSI report thus leaving CSI -RS/CSI-IM redundant. Without CSI measurement/report during the DTX/DRX off duration, gNB can not do accurate and efficient  scheduling at the beginning of DTX/DRX on duration. One solution can be, gNB schedules aperiodical CSI-RS/CSI-IM/SRS/CSI report immediately after DTX/DRX duration ends to acquire CSI information, and no specification impact is involved. Another solution can be, for cell DRX,   UE can report CSI on another carrier that is not in cell DRX off state, so that gNB can still acquire DL channel states.
Proposal 3: The impacts of cell DTX/DRX on CSI measurements and reports should be considered.
2.4 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 4: The association between cell DTX and cell DRX should be considered.

2.5 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. For example, when gNB is in cell DTX off state, UE can avoid unnecessary DL reception even when UE is in C-DRX active state, and UE will only do PDCCH monitoring at the overlapping time period of cell DTX on and C-DRX active state. Besides that, whether the timers of C-DRX should be interacted with cell DTX operation, and how DCI 2-6 monitoring interacted with cell DTX operation should also be considered.
Proposal 5: The interaction between cell DTX and UE C-DRX should be considered.
3 Conclusions

In this contribution, we propose the followings:
Proposal 1: The periodically transmitted or monitored DL/UL channels/signals will be impacted by cell DTX/DRX, and the dynamic scheduled channels/signals will also be restricted during the cell DTX off/DRX off periods.

Proposal 2: Both semi-static configuration and dynamic indication for cell DTX/DRX can be considered.
Proposal 3: The impacts of cell DTX/DRX on CSI measurements and reports should be considered.
Proposal 4: The association between cell DTX and cell DRX should be considered.

Proposal 5: The interaction between cell DTX and UE C-DRX should be considered.
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