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1	Introduction
[bookmark: _Ref178064866]In RAN WG2 Meeting #119-e [1], the NW DTX/DRX was discussed and listed as one of the network energy savings (NES) technique candidates for further study: 
Solution groups:
1 Adaption of MIB/SSB/SIB 
	-  partial/simplified SSB
2	Increase of SSB/SIB periodicity 
3	On demand SSB/SIB1 (FFS if there are enhancements for other SIBs)
	- FFS for on-demand MIB
4	Receiving SSB/SIB on one carrier/cell and performing access to another carrier/cell 
5	Handover/Fast PCell change for NES
	- CHO or new configuration
	- group HO
6	Resource adaptation (frequency and time domain)
	- Including PRACH, SRS, PUSCH, PUCCH resources and periodicities 
	- cell DTX/DRX  
	- measurement 
	- reference signal type and configuration of reference signal pattern for connected mode
	- BWP adaptation
7	Any Cell activation/re-activation or UE wake up request signal (connected/idle)
8	Paging enhancements (includes paging-less solutions)
9	Cell selection/reselection (ie. cell prioritization also including legacy UEs)

Things to study 
1 Study group configuration and signalling for transitions for different solutions
	- pre-configuration and L1/L2 signaling to trigger change of configuration
2	Identify/capture RAN2 impact to legacy for the different solutions 
3	Awareness of the NES states at the UE side for the different solutions
4	Aim to minimize DL signalling for NES
5	Consider UE complexity and energy consumption
6	UE assistance information for the specific network energy technique, it’s benefits and impact to UE/NW 

This contribution discusses the benefits of using NW DTX/DRX and introduces the aspects that RAN2 should take into consideration when designing NW DTX/DRX mechanisms.
2	Discussion
The main purpose of the existing C-DRX mechanisms is to support UE energy savings by allowing the UEs to go to sleep mode. This is done via the DRX pattern that defines the active time periods during which the UE is awake to receive PDCCH. Consequently, regardless of the downlink (DL) traffic arrival time during the time the UE is not in active time, the NW initiates scheduling of the UE only during upcoming active time periods. This allows the UE to monitor PDCCH only during active time periods and to be in sleep mode outside of active times during a DRX cycle. On the contrary, the UE is not obliged to respect the DRX pattern in the case of uplink (UL) traffic, and hence the UE may contact the NW at any time, according to available resources in the UL, regardless of the DRX pattern. Therefore, the NW needs to be ready to receive UL traffic at any time on the available UL resources and from any UE, and hence it cannot perform meaningful sleep that would allow for NES.     
[bookmark: _Toc115361955]Even outside active time periods within a DRX cycle, the NW needs to be ready to receive UL traffic at any time when UL resources are available and from any UE.
Following a similar logic as for UE energy savings, a reasonable approach for supporting NES would be to design mechanisms that would allow for NW sleep, e.g., NW discontinuous transmission (DTX) and NW DRX. Similar to the DRX defined for UE power savings, one could define active time periods for the NW DTX/DRX during which the NW is available and in sleep mode, in UL and/or DL respectively. The exact definition of the active- and non-active periods for the NW sleeping pattern (e.g., what lower layer procedures are allowed during the NW sleep) is, however, the aspect that requires RAN1 input.  
[bookmark: _Toc115361956]The details related to the active- and non-active periods for DL and UL of the NW sleeping pattern(s) may require RAN1 input.
Although the details such as the exact definition of the NW active- and non-active periods need to be addressed in RAN1 first, RAN2 can start by defining how such periods can be configured such that the NW can achieve a meaningful NES while keeping in mind potential impacts on the UEs. 
[bookmark: _Toc115361959]RAN2 to focus on the configuration of active- and non-active periods of the NW sleeping pattern.

When reasoning about NW DTX/DRX mechanisms, it is natural to consider the existing UE DRX framework. However, strongly relying on the existing UE DRX framework in the early stages of designing the NW DTX/DRX framework can lead to limitations (e.g., alignment of UE DRX for all UEs within the NW, which is currently not required) that could prevent the development of solutions that can achieve better NES with less impact on the UEs. Furthermore, our opinion is that the question of whether (and potentially how) to reuse the existing UE DRX framework is more of an ASN.1 detail, which can be addressed in later stages.
[bookmark: _Toc115361957]Whether existing UE DRX configuration can be used or not for NW DTX/DRX can be discussed later.
There are different levels of granularity at which the NW DTX/DRX can be configured, e.g., UE level, and cell level, whether separately applicable to UL and DL, whether SCells follow the same pattern, etc. We think that the NW DTX/DRX should be defined at the cell level (i.e., configurable per serving cell) for the following reasons. First, the NW DTX/DRX at the cell level can allow for higher NES than the NW DTX/DRX at the UE level. This is because the NW DTX/DRX at the UE level would not allow for a meaningful sleep at the NW side in the cases when there is more than one active UE with different DL and UL transmission occasions. On the contrary, the NW DTX/DRX on the cell would be more flexible, and hence allow cells to spend more time in sleep mode. Second, the NW DTX/DRX at the cell level would also have less impact on the legacy UEs, since the NW may keep cells where it does not apply DTX/DRX so that legacy UEs can access those cells, while DTX/DRX could be used on serving cell of NES capable UEs. For more details, we refer to our paper on handling of legacy UEs on NES capable cell [2]. Finally, the NW DTX/DRX at the cell level would in general have less latency-related impact on the UEs capable of carrier aggregation and dual connectivity. This is because the NW may apply different DTX/DRX schemes (e.g., with misaligned active and non-active periods) for different cells such that the UE can access at least one of the cells at any time.
[bookmark: _Toc115361960]NW sleep patterns should be configurable per serving cell.
When considering the NW sleeping pattern (i.e., occasions of active- and non-active periods), one can identify different possibilities, e.g., the NW sleeping pattern can be defined as a periodic, semi-persistent, or one-shot. Given that the NW DTX/DRX is a feature mainly intended for use in low to medium load scenarios, we should focus on the periodic NW sleeping pattern, which should allow for longer periods of NW sleeping.
[bookmark: _Toc115361961]RAN2 should focus on allowing a periodic NW sleeping pattern.

Another interesting question related to the NW sleeping pattern is whether it should be defined jointly or separately for the UL and DL. Given that the traffic demand on the UL is usually much smaller than the traffic demand on the DL we propose to consider two NW sleeping patterns defined for the UL and DL, respectively. This solution is more likely to provide higher NES on the UL than the solution that considers a joint NW sleeping pattern for UL and DL. Furthermore, having two separate sleeping patterns for the UL and DL is also a more flexible solution since one can always define a joint NW sleeping pattern for the UL and DL by aligning the NW sleeping patterns for the UL and DL, respectively.

[bookmark: _Toc115361962]The configuration of NW sleeping patterns should allow independent UL and DL configurations.

3	Conclusion
In the previous sections we made the following observations: 
Observation 1	Even outside active time periods within a DRX cycle, the NW needs to be ready to receive UL traffic at any time when UL resources are available and from any UE.
Observation 2	The details related to the active- and non-active periods for DL and UL of the NW sleeping pattern(s) may require RAN1 input.
Observation 3	Whether existing UE DRX configuration can be used or not for NW DTX/DRX can be discussed later.

Based on the discussion in the previous sections we propose the following:
Proposal 1	RAN2 to focus on the configuration of active- and non-active periods of the NW sleeping pattern.
Proposal 2	NW sleep patterns should be configurable per serving cell.
Proposal 3	RAN2 should focus on allowing a periodic NW sleeping pattern.
Proposal 4	The configuration of NW sleeping patterns should allow independent UL and DL configurations.
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