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1 [bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: _Ref129681832]The study on “Techniques for network energy saving” concluded in RAN1#111 [1]. The details of the various techniques discussed during the SI phase and their potential energy saving gains were described in TR 38.864 [2]. The work item description on techniques for network energy savings for NR was approved in RAN#98-e [3]. One of the objectives in the approved WID was on enhancements on cell DTX/DRX mechanism and is given below. 

	Objectives
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 contribution further discusses enhancements on cell DTX/DRX mechanism to improve network energy savings (NES).


2 Cell DTX/DRX mechanism for network energy saving
A Cell DTX/DRX is a cycle of active and non-active periods which can be configured by gNB per serving cell. In the active period of the cell DTX/DRX, the BS switches on in intervals to perform the transmission and/or reception of signals and channels. The energy saving at the gNB can be achieved by enabling DTX/DRX with reduced transmission and reception. The cell DTX/DRX can be configured to UE semi-static way based on a number of network parameters such as load, UE traffic, density and arrival rate. The parameters configured per Cell DTX/DRX configuration may contain periodicity, start slot/offset, on duration. The energy saving at gNB can be improved if the DTX/DRX adaptation takes care of the variation of network parameters. Hence, the cell DTX/DRX can have multiple configurations, based on different 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 different 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 are supported.
The cell DTX/DRX can create collisions in the system when the off duration of the cycle overlaps with configured signals/channels. For e.g., the off duration of the DTX/DRX cycle overlaps with an occasion to transmit SSB/CSI-RS. Priority rule must be defined to avoid such collisions.  It was agreed that there is “No change for SSB transmission due to cell DTX/DRX” in RAN#98-e [3].

Based on the agreement, the transmission of SSB is prioritized over DTX/DRX cycle. Hence, SSB is transmitted even if it overlaps with off duration of DTX/DRX cycle. However, prioritizing  transmission/reception of channels/signals over the off duration of cell DTX/DRX causes decrease in non-active duration of gNB, thereby reducing the energy saving gain of the cell DTX/DRX. Therefore, turning off transmission and reception for data/reference signal during non-active duration of Cell DTX/DRX is supported
Proposal 2: Turning off transmission and reception for data traffic/reference signal during non-active duration of Cell DTX/DRX is supported.
The adaptation of cell DTX/DRX at gNB will have an impact on the legacy operations and creates certain conflicts at the UE. The UE might be configured with some operations in a time resource, in which the gNB is in the non-active state of the DTX/DRX cycle. In that case, the UE will unnecessarily perform the configured operation resulting in wastage of power. The UE-DRX and configuration to receive some periodic signals like CSI-RS, physical downlink control channel (PDCCH) or some periodic data signals like semi-persistent scheduling will be affected by the adaptation of cell DTX/DRX at the BS. E.g., UE is semi-statically configured with UE-DRX to receive periodic CSI-RS in slot n, in which the gNB is in non-active duration of cell DTX/DRX, then the gNB will not transmit CSI-RS in slot n, but the UE will unnecessarily monitor for CSI-RS. This situation is avoided by signaling information about the cell DTX/DRX, to the connected UEs. The time resources of the UE-DRX on duration overlapping with the cell DTX/DRX off duration can be adapted according to the received signalling information about the cell DTX/DRX by the UE. 
Proposal 3: Signaling an information about cell DTX/DRX (e.g., type of cell DTX/DRX with a particular time granularity, starting time, periodicty and duration) to connected UE is supported.

Proposal 4: Adaptation of UE-DRX by the UE based on the signalling information about cell DTX/DRX is supported.

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 are supported.
Proposal 2: Turning off transmission and reception for data traffic/reference signal during non-active duration of Cell DTX/DRX is supported.
Proposal 3: Signaling an information about cell DTX/DRX (e.g., type of cell DTX/DRX with a particular time granularity, starting time, periodicty and duration) to connected UE is supported.

Proposal 4: Adaptation of UE-DRX by the UE based on the signalling information about cell DTX/DRX is supported.
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