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1. Introduction
[bookmark: _Hlk127179368]In RAN#98-e meeting, WID on Network energy savings for NR was approved [1]. The scope of WI in the time domain is as follows. In this contribution, we will discuss the techniques for enhancements on the DTX/DRX mechanism.
	[bookmark: _Hlk127452363]WID scope:
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.



2. [bookmark: _Hlk118715434][bookmark: _Hlk101275836]Discussions on cell DTX/DRX enhancement
2.1. Background
The motivation of cell DTX/DRX is to save network energy when low traffic load (e.g., a small number of RRC_connected UEs). In this case, concentrating most of gNB transmissions/receptions into an active period is beneficial for network energy saving. Thus, there may be the following two modes at the gNB side due to varying traffic load:
· Normal mode: gNB can transmit or receive in any period according to the configuration
· [bookmark: _GoBack]Typically, DRX on time for different UE groups are distributed in different time periods
· Cell DTX/DRX mode: active period and inactive period
· Active period: gNB can transmit or receive any signal or channel in this period
· Inactive period: At least dynamical scheduled transmission/reception is not performed in this period and gNB can be in sleep mode as much as possible
Currently, according to legacy operation, gNB could perform RRC-reconfiguration to align all UE’s DRX on time and transmissions/receptions of UE specific signals/channels within an active period so that the other time period becomes inactive period. Here, the problem lies in that the switching between normal mode and cell DTX/DRX mode is too slow by RRC reconfiguration to adapt to traffic load varying. Therefore, the design objective is to achieve dynamic switching between normal mode and cell DTX/DRX mode.
2.2. Alternatives
To achieve the objective of dynamic switching between normal model and cell DTX/DRX mode, there are the following two alternatives:
· [bookmark: _Hlk127267034]Alt.1: Implicit cell DTX/DRX at gNB side by UE C-DRX alignment and proper configuration/scheduling adaptation via L1/L2 signaling;
· [bookmark: _Hlk127267010]Alt.2: Explicit cell DTX/DRX indication from gNB to UE with adaptation via L1/L2 signaling.
Alt.1: Implicit cell DTX/DRX at gNB side
Alt.1 assumes that there is only UE DRX configured and no explicit cell DTX/DRX configuration from gNB to UE. The key idea of this alternative is to align all UEs’ transmissions/receptions within an implicit active period at gNB side as much as possible. For example, when gNB wishes to enter into cell DTX/DRX mode from normal mode, the following actions can be performed:
· For SPS PDSCH or CG PUSCH, gNB could send DCIs to deactivate the normal configuration and activate the configuration concentrated within the active period so that there is no SPS PDSCH transmission or CG PUSCH reception in gNB’s inactive period;
· For CSI-RS, gNB could use SP/AP CSI-RS configuration and activate/trigger the CSI-RS concentrated within the active period so that there is no CSI-RS transmission in the inactive period;
· For PUCCH,
· For PUCCH carrying HARQ-ACK, gNB could control its time position within the active period by proper scheduling of PDSCH;
· For PUCCH carrying CSI, gNB could use SP/AP CSI reporting and send DCI to activate/trigger the SP/AP CSI where the corresponding PUCCH is located within the active period.
DRX on time is typically distributed between UEs so that gNB can schedule PDSCH/PUSCH in different time periods in normal mode, as shown in Figure 1. In this case, PDCCH transmission and scheduled PDSCH/PUSCH by the PDCCH for different UEs are distributed in time from gNB side. Currently, only RRC re-configuration is the only way to perform DRX parameter adaptation. The introduction of L1/L2 signaling to achieve DRX adaptation is needed to enable fast switching between normal mode and implicit cell DTX/DRX mode.
[image: ]
(a) Normal mode: UEs have different DRX distributions             (b) NES mode: Alignment of UE DRX
[bookmark: _Ref127523720]Figure 1: UE DRX distribution for the normal mode and the NES mode
In terms of energy saving benefit, NES gain is observed for evaluation of UE C-DRX alignment in [2]:
Based on 6 sources results, semi-static UE C-DRX alignment achieves BS energy savings gain by 0.2%~71.4% depending on the traffic, UE DRX configurations, and the assumed baseline, e.g., random DRX offset per UE, or gNB is always ON to provide service to the UE. At low or light traffic load cases, 4 sources show that the gain can be 14.4%~71.4%, while 3 sources show less than 6.7% gain, depending on whether BS and UE active duration are aligned or not; at medium load case, 2 sources show network energy saving gain can be 4.8%~47.8%. According to one source, dropping SSB outside UE active time can achieve the energy savings by 14.4%~70.1% and it is assumed that the UE active durations are aligned and the potential impact on synchronization and UE measurement outside the UE duration is not considered.
In terms of spec impact, specifying L1/L2 signaling is the only one to achieve implicit cell DTX/DRX.
In general, network energy saving benefit of Alt.1 is already validated by evaluation in SI phase. Besides, there is little spec impact for Alt.1.
[bookmark: _Ref127456065]Proposal 1: Support UE DRX alignment via L1/L2 signalling to achieve implicit cell DTX/DRX as a baseline.
Alt.2: Explicit cell DTX/DRX indication from gNB to UE 
The key idea of this alternative is to introduce an explicit DTX/DRX pattern that will be configured to UE so that UE may limit its transmission/reception based on the pattern. In the inactive period of DTX/DRX, gNB does not need to transmit or receive some specific signals/channels, such as reference signals, period/SPS signals or UE specific signals/channels. In this way, there are no transmission/reception or only keep limited transmission or reception in the active period and gNB can fall into more deep sleep mode for energy saving.
For Alt.2, the following aspects are discussed [2]:
	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 signaling 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).


It is obvious that there is different definition of inactive period for cell DTX/DRX. Based on the above examples, the following sub-alternatives are listed below:
· Alt.2.1: gNB is expected to turn off all transmission and reception for data traffic and reference signal during Cell DTX/DRX inactive periods.
· Alt.2.2: gNB is expected to turn off its transmission/reception only for data traffic during Cell DTX/DRX inactive periods
· Alt.2.3: gNB is expected to turn off its dynamic data transmission/reception during Cell DTX/DRX inactive periods
· Alt.2.4: gNB is expected to only transmit reference signals during Cell DTX/DRX inactive periods. 
However, the benefit of Alt.2 including all the sub-alternatives is not clearly shown and analyzed in SI phase especially compared to implicit cell DTX/DRX. This should be studied first and then determine whether to support explicit cell DTX/DRX indication from gNB to UE and which sub-alternative should be selected.
[bookmark: _Ref127456073]Proposal 2: Study the benefit and performance impact of Alt. 2 (explicit cell DTX/DRX) compared to Alt. 1 baseline (implicit cell DTX/DRX) to determine whether to support explicit cell DTX/DRX and which sub-alternative should be selected. 
2.3.  Summary and comparison
Based on the above analysis, the following table summarizes signals/channels that can be dynamically blocked or adapted in inactive period. 
Table 1: Blocked signals/channels for different alternatives
	
	SSB
	PDCCH
	DG PDSCH
	SPS PDSCH
	CSI-RS
	DG PUSCH
	CG PUSCH
	PUCCH
	SRS
	RACH

	Alt.1
	
	X

	X

	X

	X

	X

	X

	X
	
	

	Alt. 2.1
	
	X
	X
	X
	X
	X
	X
	X
	X
	

	Alt. 2.2
	
	X
	X
	X
	
	X
	X
	
	
	

	Alt. 2.3
	
	X
	X
	
	
	X
	
	
	
	

	Alt. 2.4
	
	X
	X
	X
	
	X
	X
	X
	X
	



Besides, the following table provides initial assessment of different alternatives in terms of network energy saving benefit, UE performance impact and spec impact.
Table 2: Analysis of the characteristics of different ALTs
	ALTs
	gNB energy saving  
	Impact on UE performance
	Spec impact 

	Alt. 1
	Medium
	Small loss
	Small impact

	Alt.2.1
	High 
	Significant loss
Affect UE measurement and report (CSI-RS)
UL signal transmission is restricted.
1. UL configuration restrictions
2. Affect SR/BSR, CSI-RS report, etc.
3. Re-transmission performance reduction
	High 
Re-define measurement criteria (RAN4: DRX cycle, min gap, etc.)
Performance reduction due to SR/BSR, CSI-report restriction 
Timer-related: 
1. Timer-related. Like sr-prohibitTimer
2. Counting method: like drx-RetransmissionTimerDL
UE re-transmission performance reduction 

	Alt.2.2
	Medium
	Small loss
UL data transmission is restricted
· Affect SR/BSR, CSI-report, etc.
· Re-transmission performance reduction
	Medium
· Affect SR/BSR, CSI-report, etc.
· Timer-related issue
· Re-transmission performance reduction 

	Alt. 2.3
	Small
	Small loss
Re-transmission performance reduction
	Small 
· Time-related 
· Re-transmission performance reduction 

	Alt. 2.4
	High
	Significant loss
UL signal transmission is restricted.
	High 
Performance reduction due to SR/BSR, CSI-report restriction 
Timer-related: 
3. Timer-related. Like sr-prohibitTimer
4. Counting method: like drx-RetransmissionTimerDL
UE re-transmission performance reduction



3. Conclusion
In this contribution, the techniques for enhancements on the DTX/DRX mechanism were discussed, and proposals are summarized as follows:
Proposal 1: Support UE DRX alignment via L1/L2 signalling to achieve implicit cell DTX/DRX as a baseline.
Proposal 2: Study the benefit and performance impact of Alt. 2 (explicit cell DTX/DRX) compared to Alt. 1 baseline (implicit cell DTX/DRX) to determine whether to support explicit cell DTX/DRX and which sub-alternative should be selected.
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