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1 [bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: _Ref129681832]A work item on enhancements on cell DTX/DRX mechanism for energy saving started in RAN1#112 and following agrrements were made [1]. This contribution further discusses some enhancements in cell DTX/DRX mechanism and analyzes its performance to improve network energy savings (NES).

	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

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



2 Cell DTX/DRX mechanism for network energy saving
A Cell DTX/DRX is a cycle of active and non-active periods for the gNB which can be configured per serving cell. In the active period of the cell DTX/DRX, the gNB switches on in intervals to perform the transmission and/or reception of signals and channels. The DTX/DRX reduces the ON time, transmissions and receptions of gNB, resulting in energy saving. The parameters of the cell DTX/DRX can be determined based on various factors such as load in network, connection density and UE arrival rate. The energy saving at gNB can be improved if the DTX/DRX can adaptt to the network conditions. Hence, the cell DTX/DRX can have multiple configurations corresponding to  possible variations in the network parameters. The different cell DTX/DRX configurations may have different time granularity such as symbol, slot, sub-frame, or frame level for starting time, periodicity and durations. The number of cell DTX/DRX configurations can also be predefined in standards.
Proposal 1: Multiple Cell DTX/DRX configurations with different time granularity for starting time, periodicity and durations is supported.
The cell DTX/DRX at gNB impacts the legacy operations and creates conflicts at the UE. E.g., the UE may be configured to receive CSI-RS in a time resource which falls in the non-active period of DTX/DRX. In another e.g., the UE DRX cycle can overlap with the non-active period of DTX/DRX. In both cases the UE unnecessarily monitor for reception from gNB. Therefore, the parameters of DTX/DRX, such as type of DTX/DRX, periodicity, start slot index, duration, etc., can be configured to the UE. 
Proposal 2: Signaling the parameters of cell DTX/DRX (e.g., type of cell DTX/DRX with a particular time granularity, starting time, periodicty and duration) to UE is supported.
The UE can adapt the configured operations based on the parameters signalled. The factors to consider in adaptation, the priority rule and UE behaviour should be specified. The cell DTX/DRX can create collisions in the system when the non active duration of the cycle overlaps with configured signals/channels or dynamically grant PDSCH/PUSCH. For e.g., the non active duration of the DTX/DRX cycle overlaps with a symbol configured n to transmit dynamically grant PDSCH/PUSCH. Priority rule must be defined to avoid such collisions. Based on WID agreed in RAN#98-e [2], the transmission of SSB is prioritized even if it overlaps with non active duration of DTX/DRX cycle. Further, additional signals and channels were identified in RAN1#112 [1], for connected mode UEs, which were deprioritized over DTX/DRX. However, for the signals/channels dynamically configured, e.g., dynamically configured PDSCH/PUSCH, the priority should be defined. For the dynamically configured signals/channels the priority should be based on the type of activation of the DTX/DRX. The dynamic scheduling should be prioritized over DTX/DRX activation over MAC-CE. However, in case of dynamic activation of DTX/DRX the prioritization should be based on the time in which scheduling DCI and activation command for DTX/DRX is received. If scheduling DCI is received prior to activation command, then DTX/DRX should be prioritized and vice versa.
Observation 1: For dynamically configured signals/channels the priority should be based on type of  DTX/DRX
Proposal 3: Dynamically configured signals/channels are prioritized over DTX/DRX activation over MAC-CE
Proposal 4: In case of dynamic activation of DTX/DRX conflicting with Dynamically configured signals/channels the prioritization is based on recent indication
The skipping of operations overlapping with non-active period of cell DTX/DRX causes performance loss at UE. Further, the gNB rescheduling the skipped operation during active period of DTX/DRX results in signaling overhead. Therefore, mechanisms to overcome the degradation and enhancements for rescheduling the skipped operation should be studied.
Observation 2: Skipping of scheduled operation overlapping with non-active period of cell DTX/DRX causes performance loss at UE
Observation 3: gNB rescheduling the skipped operation during active period of DTX/DRX results in signaling overhead
Proposal 5: Study enhancements in rescheduling operations skipped during non-active period of Cell DTX/DRX

2 Conclusion
In this contribution, we discussed the cell DTX/DRX technique required in time domain for NES. According to the technical analysis, the following proposals are made, 

Proposal 1: Multiple Cell DTX/DRX configurations with different time granularity for starting time, periodicity and durations is supported.
Proposal 2: Signaling the parameters of cell DTX/DRX (e.g., type of cell DTX/DRX with a particular time granularity, starting time, periodicty and duration) to UE is supported.
Observation 1: For dynamically configured signals/channels the priority should be based on type of  DTX/DRX.
Proposal 3: Dynamically configured signals/channels are prioritized over DTX/DRX activation over MAC-CE.
Proposal 4: In case of dynamic activation of DTX/DRX conflicting with Dynamically configured signals/channels the prioritization is based on recent indication.
Observation 2: Skipping of scheduled operation overlapping with non-active period of cell DTX/DRX causes performance loss at UE.
Observation 3: gNB rescheduling the skipped operation during active period of DTX/DRX results in signaling overhead.
Proposal 5: Study enhancements in rescheduling operations skipped during non-active period of Cell DTX/DRX.
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