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Introduction
The WID on Rel-18 network energy saving holds the following objectives [1]:
	3. 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 follows a SI period in RAN2 which resulted in the following section in TR 38.864 [2] by RAN1:
	[bookmark: _Toc120483242]6.1.4	Technique A-4 Adaptation of DTX/DRX 
[bookmark: _Toc120483243]6.1.4.1	Description of technique
Currently, the gNB can use reduced downlink transmission/uplink reception activity without an explicit cell DTX/DRX pattern with restrictions due to UE DRX configurations and any configured transmission/reception, e.g., common channels/signals. Currently C-DRX is configured per UE. The alignment of the DRX cycles or offsets for different UEs can be done only via RRC. During UE DRX off period, the UE does not expect to monitor PDCCH, but it is allowed to initiate UL transmission according to the configured resources (e.g. using PUCCH, RACH, SR, or CG-PUSCH). Aligning/Omitting of DRX patterns across multiple UE’s can be achieved via gNB implementation. 
Technique A-4 aims at providing mechanisms informing UE whether the cell stays inactive. This may include enhancements to UE DRX configuration, e.g. to align/omit DRX cycles or start offsets of DRX, for UEs in connected mode or idle/inactive mode, potentially allowing longer opportunities for cell inactivity. During a cell DTX/DRX, the cell may have no transmission/reception or only keep limited transmission/reception. For example, the cell does not need to transmit or receive some periodic signals/channels, such as common channels/signals or UE specific signals/channels.




And by RAN2:
	[bookmark: _Toc120483246]6.1.4.4	Higher layer procedures
Cell DTX/DRX is applied to at least UEs in RRC_CONNECTED state. A periodic Cell DTX/DRX (i.e., active and non-active periods) can be configured by gNB via UE-specific RRC signalling per serving cell. Below examples on Cell DTX/DRX behaviour during non-active periods are assumed to be possible options, and the UE behaviour/impact will be studied:
· Example 1: gNB is expected to turn off all transmission and reception for data traffic and reference signal during Cell DTX/DRX non-active periods.
· Example 2: gNB is expected to turn off its transmission/reception only for data traffic during Cell DTX/DRX non-active periods (i.e., gNB will still transmit/receive reference signals)
· Example 3: gNB is expected to turn off its dynamic data transmission/reception during Cell DTX/DRX non-active periods (i.e., gNB is expected to still perform transmission/reception in periodic resources, including SPS, CG-PUSCH, SR, RACH, and SRS).
· Example 4: gNB is expected to only transmit reference signals (e.g., CSI-RS for measurement).
The study focus on UE behavior when at any point in time the cell activates a single DTX/DRX configuration. It is up to NW whether legacy UEs can access cells with Cell DTX/DRX.
The Cell DTX/DRX mode can be activated/de-activated via dynamic L1/L2 signalling and UE-specific RRC signaling. Both UE specific and common L1/L2 signalling can be considered for activating/deactivating the Cell DTX/DRX mode.
Cell DTX and Cell DRX modes can be configured and operated separately (e.g., one RRC configuration set for DL and another for UL). Cell DTX/DRX can also be configured and operated together. At least the following parameters can be configured per Cell DTX/DRX configuration: periodicity, start slot/offset, on duration. Details related to UE behaviour can be discussed during WI phase. Whether to support multiple Cell DTX/DRX configurations can be discussed later in the WI phase.
It is beneficial to align UE DRX with Cell DTX and DRX alignment among multiple UEs. The alignment mechanism can be discussed during the WI phase.
From RAN2 perspective, Cell DTX/DRX is feasible.



To simplify, we can separate the cell DTX from Cell DRX operation when explaining the main mechanism of cell DTX/DRX.
Cell DTX mechanism 
Main MechanismFigure 1 Cell DTX/DRC main mechanism
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In Cell DTX, it is assumed that a cell observing low/medium load can align UE C-DRX cycles as shown in Fig. 1. Generally, UE DRX cycles are not homogeneous, they depend on UE QoS, power savings, IDC issues seen by UE, etc. However, a critical assumption for Cell DTX to work is that there would be a common “cell DTX non-active period” whereby all UEs in the cell will have a portion of their inactive time overlapping. During this “common period”, there is an opportunity for Network Energy Savings by the cell.
Observation 1: There is an opportunity to save network energy by restricting DL signalling through cell DTX when all connected UEs are in CDRX inactive duration.
Proposal 1: Opportunity for Cell DTX non-active period can occur only when all connected UEs are in C-DRX inactive duration, i.e., not decoding PDCCH. 
Thus, there is some interest for the gNB to “align” DRX cycles, to maximize the opportunity for cell DTX. Note that this alignment does not mean UEs are configured with the same value for drx-onDurationTimer, drx-InactivityTimer, or drx-RetransmissionTimerDL/UL, rather, that those parameters are in some sense “aligned” with some possible overlap in the UEs inactive duration, that can be utilized for a cell DTX opportunity. 
Observation 2: Configuring Cell DTX does not imply that the UEs in the cell have the same drx-onDurationTimer, drx-InactivityTimer, or drx-RetransmissionTimerDL/UL, but that their respective configurations have some overlap in UE CDRX inactive period that allows for a cell DTX opportunity. 
We note that the gNB can already align UEs DRX cycles as mentioned to obtain a cell DTX opportunity using existing methods. Thus, it is important early on to determine the scope of cell DTX and what enhancements can be made to the legacy procedure to maximize NES gains.
We start by inspecting the gNB activity during the Cell DTX non-active time; The starting point for that is listing all possible UE receptions outside of UE DRX active time. 
Observation 3: The cell may need to transmit the following signals outside UE C-DRX active time
· Reference signal for RRM/RLM/BM/BFD: SSB and/or CSI-RS
· Periodic TRS
· SI, paging 
· SPS
· DG PDSCH scheduled by PDCCH in C-DRX active time
The NES-gains during the DTX non-active period can be achieved by relaxing some of the DL transmissions performed by the cell and informing UEs of that. 
Observation 4: Cell DTX can be realized by relaxing some DL transmissions during the cell DTX non-active period. 
Proposal 2: Cell DTX enhancements in RAN2 comprises of the following:
1. Relaxing some DL channels in the Cell DTX non-active period. 
1. Configuration and activation of the Cell DTX configuration at the UE.

Restriction of DL transmissions during Cell DTX
The WID puts a strong restriction on what can be suspended during the cell DTX with the following two notes:
	· 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.


The first note includes an explicit restriction on SSB change. The second restriction is implicit and advises that IDLE/INACTIVE UEs should not be impacted (or possibly even aware) of cell DTX cycles. 
Observation 5: The WID note to avoid impact to IDLE/INACTIVE UEs mandates that RACH and SI are not affected by Cell DTX configuration.
Proposal 3: Cell DTX should not impact SIB1, paging, RACH, and TRS in the inactive duration of C-DRX.
· Note 1: for SIB other than SIB1, on-demand SI can be used to reduce the SI transmission at gNB.
· Note 2: TRS restriction can cause IDLE/INACTIVE impact: Idle mode UEs cannot use R17 TRS feature for improving T/F tracking for paging reception. 
Outside of the signalling affecting IDLE/INACTIVE UEs and TRS, the gNB can relax some signalling during Cell DTX non-active period 
Proposal 4: UE drops monitoring of SPS and periodic CSI-RS for RLM/RRM/BFD/BFR during cell DTX non-active period. Table 1 can be used as a baseline for more detailed discussion.
[bookmark: _Ref126589304]Table 1: DL Restriction during Cell DTX nonactive period
	Channel
	UE drops monitoring due to cell DTX?
	UE impl. impact if signal is dropped (i.e., Yes to 2nd column)

	SSB
	No
	· WID Note: No change for SSB transmission due to cell DTX/DRX.


	TRS
	No
	· The UE is not able to perform T/F tracking based on TRS before ON duration for PDCCH monitoring. Hence, it impacts PDCCH/PDSCH reception performance and UE power consumption. Note that SSB based T/F tracking is not good enough due to narrow BW, sparse transmission and possible SSB collision across cells.
· Idle mode UEs is not able to use R17 TRS feature for improving T/F tracking for paging reception

	SIB1
	No
	· Impact to idle mode UEs
· WID Note: The impact to IDLE/INACTIVE UEs due to the above enhancement should be avoided.

	SIB2+
	No
	· Impact to idle mode UEs
· If NW wants to save SIB2+, on-demand SI can be used to reduce the SI transmission

	Paging
	No
	· Impact ETWS and paging KPI
· Impact idle mode UEs

	CSI-RS for RRM
	Yes
	· Note: TS 38.214 has restriction when the UE is configured with DRX and DRX cycle in use is larger than 80 msec.
· If the UE is configured with DRX and DRX cycle in use is larger than 80 msec, the UE may not expect CSI-RS resources are available other than during the active time for measurements based on CSI-RS-Resource-Mobility.
· Such restriction can be extended to the UE being configured with DRX and DRX cycle in use is less than or equal to 80 msec. 

	CSI-RS for RLM
	Yes
	

	CSI-RS for BM
	No
	· For some UE implementation, the UE still performs beam management for beam refinement based on CSI-RS before ON duration for PDCCH monitoring.
· Impact PDCCH reception performance

	CSI-RS for BFD/BFR
	Yes
	· SSB-based BFD/BFR should be sufficient.

	SPS
	Yes
	

	RACH for initial access
	No
	· Impact to idle mode UEs

	UE-specific RACH
	No
	· Impact to recovery delay for procedures e.g., LFR, BFR and uplink sync recovery.



Configuration and Signalling
During the SI in 38.864, RAN2 has agreed on the following regarding cell DTX:
	The Cell DTX/DRX mode can be activated/de-activated via dynamic L1/L2 signalling and UE-specific RRC signaling. Both UE specific and common L1/L2 signalling can be considered for activating/deactivating the Cell DTX/DRX mode.
Cell DTX and Cell DRX modes can be configured and operated separately (e.g., one RRC configuration set for DL and another for UL). Cell DTX/DRX can also be configured and operated together. At least the following parameters can be configured per Cell DTX/DRX configuration: periodicity, start slot/offset, on duration. Details related to UE behaviour can be discussed during WI phase. Whether to support multiple Cell DTX/DRX configurations can be discussed later in the WI phase.
It is beneficial to align UE DRX with Cell DTX and DRX alignment among multiple UEs. The alignment mechanism can be discussed during the WI phase.



As a baseline, there are two main options for configuration if DTX that can be further discussed in RAN2:
Option 1: On top of the existing legacy C-DRX configuration, the UE can be informed of a cell DTX configuration where the UE does not decode PDCCH and applies DL restrictions associated with the cell DTX configuration. 
[bookmark: _Hlk127196577]Option 2: No new Cell DTX is introduced, instead, the UE is configured with some DL signalling restriction to be applied during UE inactive time.
Proposal 5: RAN2 to decide between the following two options for Cell DTX:
· Option 1: Cell DTX is configured on top of CDRX configuration at the UE and comprises of the following:
· Cell DTX period
· Cell DTX offset
· Cell DTX duration 
· DL signalling restrictions
· Note: UE does not apply DL signalling restrictions unless its already in CDRX inactive time 
· Option 2: No new cell DTX configuration is introduced. The UE is configured with some DL signalling restriction to be applied during UE CDRX inactive time.
The details of how Cell DTX can be configured and/or activated can be further discussed once the basic operation of cell DTX is agreed. 
Proposal 6: Signalling details of DTX activation and configuration, if needed, can be discussed when the basic design details are agreed.
Impact to UE DRX timers
It is important when designing the cell DTX mechanism to avoid complicating the legacy UE C-DRX operation. In our view, the cell DTX mechanism should be designed without any impact to UE CDRX related timers, as the enhancements should be fully contained within the UE inactive time.
Proposal 7: Cell DTX mechanism should have no impact to UE DRX timers basic operation ( drx-onDurationTimer,  drx-InactivityTimer, drx-RetransmissionTimerDL, drx-HARQ-RTT-TimerDL, drx-ShortCycleTimer).
Cell DRX Mechanism
For cell DRX, it is understood that the gNB can save energy by suspending some decoding for a certain period. In this case, the UE needs to know that the gNB would not be decoding some of its UL signalling for a certain “Cell DRX” period. Generally, in the SI phase, cell DRX was a lesser priority than cell DTX since the NES gains are expected to be less. However, since the WID is on Cell DTX/DRX, we can follow a similar approach to cell DTX.
Proposal 8: Cell DRX mechanism in RAN2 comprises of the following:
A. Ability of gNB to suspend some UL signalling during cell DRX non-active period.
B. Configuration and signalling at the UE 
Restriction of UL transmissions during Cell DRX
Similar to Cell DTX, the WID puts some constraints on some UL signalling that cannot be affected by Cell DRX to avoid impact to IDLE and INACTIVE UEs.
Proposal 9: Cell DRX should have no impact on RACH to avoid impact to IDLE and INACTIVE UEs. 
Some other UL transmissions can be relaxed during Cell DRX non-active time in order for the gNB to save energy.
Proposal 10: The UE can be configured to restrict configured grant and SR in the nonactive duration of Cell DRX. Table 2 below can be used as a baseline for discussion.
Table 2: UL Restriction during Cell DRX nonactive period
	Channel
	UE drops channel within the window?
	UE impl. impact if signal is dropped (i.e., Yes to 2nd column)

	RACH for initial access
	No
	· Impact to idle mode UEs

	UE-specific RACH
	No
	· Impact to recovery delay for procedures e.g., LFR, BFR and uplink sync recovery.

	CG
	Yes
	

	SR
	Yes
	



Configuration and Signalling
Similar to Cell DTX, there are two options to approach Cell DRX: 
Option 1: An explicit configuration whereby, gNB need to inform the UE of when a cell DRX nonactive periods happen and specify the behaviour of the UE regarding restriction of any UL signalling. However, in this case the cell DRX need not to strictly be a subset of UE inactive time if configured separately from Cell DTX.
Option 2: No new Cell DRX configuration is introduced, instead, UE can be configured to relax some UL signalling during CDRX inactive time. 
Proposal 11: RAN2 to decide between the following two options for Cell DRX configuration:
· Option 1: Cell DRX is explicitly configured at the UE and comprises of the following:
· Cell DRX period
· Cell DRX offset
· Cell DRX duration 
· UL signalling restrictions
· FFS on whether Cell DRX in this case is always jointly configured  with Cell DRX or can be configured separately.
· Option 2: No new cell DRX configuration. The UE is configured with some UL signalling restriction to be applied during UE CDRX inactive time.
Impact to UE Timers
Similar to Cell DTX, we do not anticipate that cell DRX should have any effect on UE transmission and retransmission timers, i.e., UE should not prematurely stop any UL timers due to an existing Cell DRX configuration.  
Proposal 12: Cell DRX should have no impact on UE retransmission times, i.e., drx-RetransmissionTimerUL and drx-HARQ-RTT-TimerUL

Handling of Legacy UEs
In the SI phase, the following was agreed
	The study focus on UE behavior when at any point in time the cell activates a single DTX/DRX configuration. It is up to NW whether legacy UEs can access cells with Cell DTX/DRX.


For a legacy UE, the NW can align the C-DRX cycle with the cell DTX non-active period as much as possible. While a legacy UE cannot understand Cell DTX/DRX configuration including suspension of signalling, the NW can still align legacy UE C-DRX cycles with cell DTX to save energy. 
Observation 6: NW can still utilize cell DTX/DRX NES gains by aligning legacy UEs C-DRX cycles with cell DTX cycles as much as possible and minimizing DL/UL signaling during Cell DTX/Cell DRX nonactive periods, respectively.  
Thus, we prefer leaving it to NW how to align legacy UEs with Rel-18 NES UEs and configure their UL/DL signalling to maximize NES gains.
Proposal 13: It is up to NW implementation how to align legacy UEs with cell DTX/DRX cycles to maximize NES gains.
Conclusion
Observation 1: There is an opportunity to save network energy by restricting DL signalling through cell DTX when all connected UEs are in CDRX inactive duration.
Proposal 1: Opportunity for Cell DTX non-active period can occur only when all connected UEs are in C-DRX inactive duration, i.e., not decoding PDCCH. 
Observation 2: Configuring Cell DTX does not imply that the UEs in the cell have the same drx-onDurationTimer, drx-InactivityTimer, or drx-RetransmissionTimerDL/UL, but that their respective configurations have some overlap in UE CDRX inactive period that allows for a cell DTX opportunity. 
Observation 3: The cell may need to transmit the following signals outside UE C-DRX active time
· Reference signal for RRM/RLM/BM/BFD: SSB and/or CSI-RS
· Periodic TRS
· SI, paging 
· SPS
· DG PDSCH scheduled by PDCCH in C-DRX active time
Observation 4: Cell DTX can be realized by relaxing some DL transmissions during the cell DTX non-active period. 
Proposal 2: Cell DTX enhancements in RAN2 comprises of the following:
1. Relaxing some DL channels in the Cell DTX non-active period. 
1. Configuration and activation of the Cell DTX configuration at the UE.

Observation 5: The WID note to avoid impact to IDLE/INACTIVE UEs mandates that RACH and SI are not affected by Cell DTX configuration.
Proposal 3: Cell DTX should not impact SIB1, paging, RACH, and TRS in the inactive duration of C-DRX.
· Note 1: for SIB other than SIB1, on-demand SI can be used to reduce the SI transmission at gNB.
· Note 2: TRS restriction can cause IDLE/INACTIVE impact: Idle mode UEs cannot use R17 TRS feature for improving T/F tracking for paging reception. 
Proposal 4: UE drops monitoring of SPS and periodic CSI-RS for RLM/RRM/BFD/BFR during cell DTX non-active period. Table 1 can be used as a baseline for more detailed discussion.
Proposal 5: RAN2 to decide between the following two options for Cell DTX:
· Option 1: Cell DTX is configured on top of CDRX configuration at the UE and comprises of the following:
· Cell DTX period
· Cell DTX offset
· Cell DTX duration 
· DL signalling restrictions
· Note: UE does not apply DL signalling restrictions unless its already in CDRX inactive time 
· Option 2: No new cell DTX configuration is introduced. The UE is configured with some DL signalling restriction to be applied during UE CDRX inactive time.
Proposal 6: Signalling details of DTX activation and configuration, if needed, can be discussed when the basic design details are agreed.
Proposal 7: Cell DTX mechanism should have no impact to UE DRX timers basic operation ( drx-onDurationTimer,  drx-InactivityTimer, drx-RetransmissionTimerDL, drx-HARQ-RTT-TimerDL, drx-ShortCycleTimer).
Proposal 8: Cell DRX mechanism in RAN2 comprises of the following:
C. Ability of gNB to suspend some UL signalling during cell DRX non-active period.
D. Configuration and signalling at the UE 
Proposal 9: Cell DRX should have no impact on RACH to avoid impact to IDLE and INACTIVE UEs. 
Proposal 10: The UE can be configured to restrict configured grant and SR in the nonactive duration of Cell DRX. Table 2 below can be used as a baseline for discussion.
Proposal 11: RAN2 to decide between the following two options for Cell DRX configuration:
· Option 1: Cell DRX is explicitly configured at the UE and comprises of the following:
· Cell DRX period
· Cell DRX offset
· Cell DRX duration 
· UL signalling restrictions
· FFS on whether Cell DRX in this case is always jointly configured  with Cell DRX or can be configured separately.
· Option 2: No new cell DRX configuration. The UE is configured with some UL signalling restriction to be applied during UE CDRX inactive time.
Proposal 12: Cell DRX should have no impact on UE retransmission times, i.e., drx-RetransmissionTimerUL and drx-HARQ-RTT-TimerUL
Observation 6: NW can still utilize cell DTX/DRX NES gains by aligning legacy UEs C-DRX cycles with cell DTX cycles as much as possible and minimizing DL/UL signaling during Cell DTX/Cell DRX nonactive periods, respectively.  
Proposal 13: It is up to NW implementation how to align legacy UEs with cell DTX/DRX cycles to maximize NES gains.
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