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Introduction
In RANP#98 meeting, a new work item of “network energy savings for NR” is approved [1]. One objective of the work item is the following:
[bookmark: _Hlk126914380]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, we provide our views on the potential enhancements on cell DTX/DRX mechanism for NR network energy saving. 
Discussion
The study of cell DTX/DRX mechanism and UE C-DRX alignment is summarized in TR 38.864 [2]. According to the study summary, network energy saving gain may be achieved by introducing cell DTX/DRX operation as well as semi-static UE C-DRX alignment, especially for low or light traffic load cases. During a cell DTX/DRX, the cell may have no transmission/reception or only keep limited transmission/reception. From gNB perspective, different transmission/reception activities are associated with different sleep/non-sleep modes, and different sleep/non-sleep modes are associated with different BS power consumption states. If multiple cell DTX/DRX cycles can be configured for different kinds of transmission/reception activities, gNB can configure a proper cell DTX/DRX cycle according to traffic load or service type, and achieve the corresponding energy saving gain. Therefore, introducing cell DTX/DRX mechanism is beneficial to network energy saving, and UE can be configured with one or more cell DTX/DRX cycles for network energy saving purpose.
[bookmark: _Hlk126917053]Proposal 1: UE can be configured with one or more cell DTX/DRX cycles for network energy saving purpose. 
If cell DTX/DRX mechanism is introduced, the configuration information for determining cell DTX/DRX cycle should be indicated to UE. According to the WID, the introduction of cell DTX/DRX is mainly for UEs in RRC connected mode, and the impact to idle/inactive UEs should be avoided, so the configuration information should be indicated to UE via UE-specific RRC signaling and the cell DTX/DRX cycle should be a common configuration to all the connected UEs in the cell/cell group. 
[bookmark: _Hlk126932215]Proposal 2: The configuration information of cell DTX/DRX should be indicated to UE via UE-specific RRC signaling per cell or per cell group.
Different cell DTX/DRX cycles may be associated with different transmission/reception activities for energy saving purpose, so the gNB and UE behaviors in non-active periods of a cell DTX/DRX cycle should be clearly defined. In general, one or more of the following behaviors may be considered:
· Behavior 1: gNB is expected to turn off all transmission and reception for common channels/signals (e.g., SSB, PRACH and non-unicast transmissions) and UE-specific channels/signals (e.g., PDSCH, PUSCH, CSI-RS, SRS) during cell DTX/DRX non-active periods. 
· UE is not expected to perform transmission and reception for any common channels/signals and UE-specific channels/signals during cell DTX/DRX non-active periods.
· [bookmark: _GoBack]Behavior 2: gNB is expected to perform transmission and reception for common channels/signals (e.g., SSB, PRACH and non-unicast transmissions) and transmit UE-specific signals (e.g., CSI-RS for measurement), but not perform transmission and reception for UE-specific channels (e.g., unicast data traffic) and not receive UE-specific signals (e.g., SRS) during cell DTX/DRX non-active periods.
· UE is allowed to transmit and receive common channels/signals if needed, and is allowed to receive UE-specific signals (e.g., CSI-RS) for measurement, and is not expected to transmit/receive unicast data traffic or transmit UE-specific signals during cell DTX/DRX non-active periods.
· Behavior 3: gNB is expected to perform transmission and reception for common channels/signals (e.g., SSB, PRACH and non-unicast transmissions) and UE-specific signals (e.g., CSI-RS, SRS), but not perform transmission and reception for UE-specific channels (e.g., unicast data traffic) during cell DTX/DRX non-active periods.  
· UE is allowed to transmit and receive common channels/signals if needed, and is allowed to transmit/receive UE-specific signals, and is not expected to transmit/receive unicast data traffic during cell DTX/DRX non-active periods.
· Behavior 4: gNB is expected to perform transmission and reception for common channels/signals (e.g., SSB, PRACH and non-unicast transmissions) and UE-specific channels/signals using configured resource (e.g., SPS PDSCH, CG-PUSCH, CSI-RS and SRS), but not perform transmission and reception for dynamic UE-specific channels/signals (e.g., PDSCH/PUSCH/CSI-RS/SRS scheduled by DCI) during cell DTX/DRX non-active periods.  
· UE is allowed to transmit and receive common channels/signals if needed, and is allowed to transmit and receive UE-specific channels/signals using configured resource, and is not expected to monitor PDCCH associated with USS during cell DTX/DRX non-active periods.
Considering that the impact of cell DTX/DRX operation to idle/inactive UEs should be avoid, gNB is not expected to turn off transmission and reception for common channels/signals, e.g., SSB, system information, paging transmission and PRACH reception should be maintained during cell DTX/DRX non-active periods. Behavior 1 in the above discussion should be excluded.
[bookmark: _Hlk126933509]Proposal 3: gNB and UE behaviors during non-active periods should be defined when cell DTX/DRX cycle is configured.
Proposal 4: gNB is not expected to turn off transmission and reception for common channels/signals during non-active periods when cell DTX/DRX cycle is configured.
In current specification, UE can be configured with UE-specific C-DRX in RRC connected mode. During UE C-DRX non-active periods, the UE is not expected to monitor PDCCH associated with USS, and is allowed to perform uplink transmission using configured resources. Aligning/omitting of DRX patterns across multiple UE's may reduce BS power consumption and hence bring energy saving gain especially for low or light traffic load cases according to the SI evaluation, which can be achieved via gNB implementation. In addition, cell DTX/DRX pattern can be configured on top of UE C-DRX, and the alignment of cell DTX/DRX and UE C-DRX for different UEs can also be achieved via gNB implementation.
Proposal 5: The alignment of cell DTX/DRX and UE C-DRX cycles or the alignment of UE C-DRX cycles for different UE can be left to gNB implementation.
When both cell DTX/DRX cycle and UE C-DRX cycle are configured, there would be overlapped time domain duration between active period of cell DTX/DRX and non-active period of UE C-DRX, non-active period of cell DTX/DRX and active period of UE C-DRX, active periods of cell DTX/DRX and UE C-DRX, and non-active periods of cell DTX/DRX and UE C-DRX. Fig. 1 gives one overlapping example, and the gNB and UE behaviors for each situation should also be defined. 


Fig. 1: Example of configuration for cell DTX/DRX and UE C-DRX 
For simplicity, the gNB and UE behaviors during cell DTX/DRX non-active periods when UE C-DRX is configured may keep the same behaviors in non-active periods when only the cell DTX/DRX is configured. For the gNB and UE behaviors during active periods of cell DTX/DRX pattern, the same behaviors in current UE C-DRX cycle may be maintained, e.g., the UE is not expected to monitor USS PDCCH, and is allowed to perform uplink transmission using configured resources during the overlapped duration of active period of cell DTX/DRX and non-active period of UE C-DRX, and the UE is further expected to monitor USS PDCCH during the overlapped duration of active periods for cell DTX/DRX and UE C-DRX.
Proposal 6: gNB and UE behaviors should be defined when both cell DTX/DRX and UE C-DRX cycles are configured.
Conclusion
In this contribution, we provide our views on the potential enhancements on cell DTX/DRX mechanism for NR network energy saving. The following proposals are provided.
Proposal 1: UE can be configured with one or more cell DTX/DRX cycles for network energy saving purpose. 
Proposal 2: The configuration information of cell DTX/DRX should be indicated to UE via UE-specific RRC signaling per cell or per cell group.
Proposal 3: gNB and UE behaviors during non-active periods should be defined when cell DTX/DRX cycle is configured.
Proposal 4: gNB is not expected to turn off transmission and reception for common channels/signals during non-active periods when cell DTX/DRX cycle is configured.
Proposal 5: The alignment of cell DTX/DRX and UE C-DRX cycles or the alignment of UE C-DRX cycles for different UE can be left to gNB implementation.
Proposal 6: gNB and UE behaviors should be defined when both cell DTX/DRX and UE C-DRX cycles are configured.
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