[bookmark: _GoBack]3GPP TSG RAN WG1 #112			                R1-2301108
Athens, Greece, February 27th – March 3rd, 2023

Agenda Item:	9.7.2
Source: 	LG Electronics
Title: 	Discussion on cell DTX/DRX mechanism
[bookmark: Source][bookmark: Title][bookmark: DocumentFor]Document for:	Discussion and decision
1. Introduction
In RAN#98-e, a new WI [1] of network energy savings for NR was approved, and one of WID objectives is related to cell DTX/DRX mechanism as shown below.
	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 discuss and provide our views on cell DTX/DRX mechanism for network energy savings (NES).

3. Enhancements to UE C-DRX configuration
UE DRX in RRC_CONNECTED mode (called UE C-DRX hereafter) is introduced to reduce UE’s power consumption by configuring the periodic ON/OFF duration. The UE can save power by entering the sleep state during the OFF duration in which PDCCH needs not to be monitored. The UE needs to wake up periodically in ON duration to monitor PDCCH for receiving/transmitting DL/UL transmission. Configuring UE C-DRX with short ON-duration and long OFF-duration can save more power, whereas scheduling latency for DL/UL transmission is longer, so gNB should properly adjust it through UE C-DRX parameters such as drx-LongCycleStartOffset, drx-SlotOffset, drx-onDurationTimer.
UE C-DRX is also beneficial for reducing gNB’s power consumption because the periodic CSI report or SRS transmission is not allowed during the OFF duration. However, the gNB may not enter the sleep state during the OFF duration because UE is allowed to initiate UL transmission according to the configured resources (e.g., using PUCCH, RACH, SR, or CG-PUSCH) during the OFF duration. In addition, since UE C-DRX is configured in a UE-specific manner, ON/OFF duration of UEs in the cell may not be aligned with each other. For instance, the gNB may perform PDCCH transmission by waking up every unaligned ON duration of the UEs in which the C-DRX is configured, power consumption of the gNB may not be reduced.
To reduce gNB power consumption, the various techniques related to the adaptation of DTX/DRX are considered including aligning or omitting UE C-DRX pattern across multiple UE or design of Cell DTX/DRX patterns/timers/parameters/procedure during the study item as captured in TR 38.864 [2]. Currently, alignment/omission of DRX cycles or offsets at different UEs can be achieved by RRC (re)configuration, but depending on whether the cell stays active or inactive, a mechanism with low delay is needed to dynamically adjust the UE C-DRX configuration. The DRX parameters (e.g., start offsets, DRX cycle, and length of ON duration) can be dynamically indicated by L1/L2 signaling (e.g., group-common DCI or MAC-CE) for UEs configured with C-DRX within the cell. In addition, the duration or timer of the DRX parameters can be also indicated when the gNB indicates the DRX parameters to align/omit the UE C-DRX configuration. The UE can return to the previously configured C-DRX configuration when the duration or timer is ended or expired or can maintain the indicated DRX parameter until a further indication is given if there is no separately configured duration/timer value. The gNB can configure the candidates of multiple DRX parameters and duration/timer combinations in advance and dynamically indicate one of them via L1/L2 signaling.

Proposal #1: To align DRX active time for different UEs in the cell, the DRX parameters (e.g., start offsets, DRX cycle and length of ON duration) and its application time (during which indicated DRX parameters are applied) can be jointly indicated by L1/L2 signaling (e.g., group-common DCI or MAC-CE).

4. Cell DTX/DRX mechanism
Meanwhile, even if DRX cycle or offsets for different UEs in the cell are aligned, the UE may still initiate UL transmission according to the configured resources (e.g., using PUCCH, RACH, SR, or CG-PUSCH) during the OFF duration. In order to reduce the gNB power consumption, it is needed to turn off the transmission/reception in the OFF duration to make a cell stay in the inactive state as long as possible. In this regards, introducing Cell DTX/DRX mechanism can be considered to turn off transmission/reception of a specific signal(s)/channel(s) at cell inactive time. 
The Cell DTX/DRX time-domain pattern consisting of active time and inactive time can be preconfigured to UEs and activated through dynamic indication (e.g., group-common DCI). In addition, the Cell DTX/DRX behaviour during inactive time can be also (pre)configured or indicated, for example, gNB can configure to turn off its dynamic data transmission/reception (i.e., dynamically scheduled PDSCH and PUSCH) during Cell DTX/DRX inactive time (i.e., gNB is expected to still perform transmission/reception in periodic resources, including SPS, CG-PUSCH, SR, RACH, and SRS). As another example, gNB can configure to turn off all transmission and reception for data traffic during Cell DTX/DRX non-active periods except for the reference signals (e.g., SSB and CSI-RS) and SR/RACH. Furthermore, these Cell DTX/DRX behaviours during inactive time can be also applied to the OFF duration of UE C-DRX. 
Proposal #2: Consider to introduce Cell DTX/DRX mechanism, and if introduced, transmission/reception of specific signals/channels can be configured to be turned off during inactive time of Cell DTX/DRX.

If Cell DTX/DRX mechanism is introduced, the Cell DTX/DRX configuration and the UE C-DRX configuration can be applied simultaneously to the connected mode UE in the cell. In this case, it may be necessary to define the UE behaviours for each time interval (a combination of the active/inactive time of Cell DTX/DRX and the ON/OFF duration of UE-DRX). For example, a UE may perform PDCCH reception only during a time interval in which the active time in a cell DTX/DRX configuration and the ON duration in a UE C-DRX configuration intersect.

Proposal #3: If Cell DTX/DRX mechanism is introduced, discuss UE behaviour when both Cell DTX/DRX and UE C-DRX are configured simultaneously.

5. Conclusions
In this contribution, Cell DTX/DRX mechanism were discussed, and the followings were proposed.
Proposal #1: To align DRX active time for different UEs in the cell, the DRX parameters (e.g., start offsets, DRX cycle and length of ON duration) and its application time (during which indicated DRX parameters are applied) can be jointly indicated by L1/L2 signaling (e.g., group-common DCI or MAC-CE).
Proposal #2: Consider to introduce Cell DTX/DRX mechanism, and if introduced, transmission/reception of specific signals/channels can be configured to be turned off during inactive time of Cell DTX/DRX.
Proposal #3: If Cell DTX/DRX mechanism is introduced, discuss UE behaviour when both Cell DTX/DRX and UE C-DRX are configured simultaneously.
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