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1	Introduction
[bookmark: _Ref178064866]In RAN WG2 Meeting #119-bis-e [1], the NW DTX/DRX was discussed, and the following agreements were made:

Agreements 
=>	Periodic DTX is assumed as a baseline. The gNB provides indication to UE about NW DTX mode/configuration via dedicated dynamic L1/L2 signaling. 
=>	Dynamic L1/L2 group signalling from NW to provide NW DTX mode/configuration is also considered in RAN2
=>	It is beneficial to align UE DRX with network DTX and DRX alignment among multiple UEs. Details are FFS, including UE transmission/reception behavior during DTX. RAN2 to study the alignment.   

The NW DTX/DRX was further discussed in the email discussion [2] that was concluded with the following list of remaining issues that need to be discussed:
1) Clarification of previous agreement:
Whether L1/L2 signalling can be used to configure the DTX/DRX pattern, or only be used to activate the RRC-configured DTX/DRX pattern:
· Alt-1: Allow both periodic pattern (configured by RRC) and one-shot pattern (configured by L1/L2 signalling)
· Alt-2: Allow periodic pattern, configured by RRC and activated by L1/L2 signalling
2) Configuration and signalling:
2-1: The detailed information to be configured, e.g. DTX/DRX pattern etc.
2-2: The signalling design, including but not limited to:
· Notification procedure and signalling of DTX/DRX pattern?
· How group signalling applies to the configuration or mode notification?
2-3: Multiple configurations
· Joint or separate configuration of DTX and DRX mode/operation
· Whether multiple DTX/DRX configurations/modes (based on the definition of multiple configurations from above) are allowed to be configured via RRC signalling
· Whether the activation of NW DRX can be different with NW DTX
· The potential signalling impacts
2-4: Whether there are valid scenarios to keep CA in Cell DTX/DRX
3) UE behavior:
3-1: Whether legacy UEs can access cells with DTX mode
3-2: For each of the 4 examples in the TR:
· From gNB side, which information needs to be transmitted and potential benefits for energy saving
· From UE side, the behaviour like which information needs to be received, monitoring etc., performance impact compared with normal access
4) Alignment:
4-1: Whether/how to align UE DRX with network DTX, including UE transmission/reception behavior during DTX
4-2: Whether/how to align DRX alignment among multiple UEs

Through the rest of this contribution, we use “Cell DTX/DRX” instead of “NW DTX/DRX” to be consistent with the terminology used in the corresponding TP on Cell DTX/DRX [3]. This contribution focuses on the remaining issues summarized in [2] and highlighted above and discusses the aspects that RAN2 should take into consideration when designing Cell DTX/DRX mechanisms.
2	Discussion
2.1	Background
[bookmark: _Hlk118378814]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: _Toc118379514]Even outside active time periods within a C-DRX cycle, the NW needs to be ready to receive UL traffic at any time when UL resources are available and from any UE.
2.2	Configuration, signalling aspects and UE behaviour
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., discontinuous transmission (DTX) and DRX at the NW side. Similar to the DRX defined for UE power savings, one could define a Cell sleeping pattern(s) that consists of active time periods for the Cell DTX/DRX during which the Cell is available and in sleep mode, in DL and/or UL, respectively. 
When considering the Cell sleeping pattern (i.e., occasions of active- and non-active periods), one can identify different possibilities, e.g., the Cell sleeping pattern can be defined as a periodic, semi-persistent, or one-shot. Given that the Cell DTX/DRX is a feature mainly intended for use in low to medium load scenarios, we should focus on the periodic sleeping pattern. Furthermore, it is important to note that the periodic Cell DTX/DRX is flexible and can be configured as a single shot, if needed, by the appropriate choice of parameter values and even as semi-persistent by cancelling certain active period occasions.
[bookmark: _Toc115361961][bookmark: _Toc118379517]RAN2 should focus on a periodic Cell DTX/DRX.
Furthermore, the Cell DTX/DRX should be configurable at least via dedicated RRC signalling. Since the mechanisms for dedicated RRC signalling are already available, the configuration of Cell DTX/DRX via dedicated RRC signalling can be considered as the simplest baseline that would allow focusing on the main sources of NES in the case of the Cell DTX/DRX technique (e.g., how to maximize the Cell sleeping opportunities with limited impact on the UEs). More complex signalling solutions (e.g., group signalling and the exact type of dynamic signalling) would require additional specification efforts and can be studied later once the Cell DTX/DRX technique is better understood. 
[bookmark: _Toc118379518]Periodic Cell DTX/DRX should be configurable at least via dedicated RRC.

[bookmark: _Toc118379515]More complex signalling solutions (e.g., group signalling and the exact type of dynamic signalling) that would require additional specification efforts can be considered later, once the Cell DTX/DRX technique and its potential benefits are better understood.
Another relevant question related to the Cell 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 Cell 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 Cell sleeping pattern for the UL and DL by aligning the Cell sleeping patterns for the UL and DL, respectively.
[bookmark: _Toc118379519]The configuration of Cell sleeping patterns for DL and UL should be separate, i.e., independent for Cell DTX and Cell DRX, respectively.
Finally, configuring multiple Cell DTX/DRX configurations on the same serving cell can be discussed in certain scenarios, but similarly as motivated above we can focus on a single Cell DTX/DRX configuration first and revisit the need for multiple Cell DTX/DRX configurations once the technique is more mature and better understood.
[bookmark: _Toc118379520]The configuration of multiple Cell DTX/DRX configurations can be discussed once the single Cell DTX/DRX is defined.
However, studying the specifics of the UE behavior (e.g., which information needs to be received, monitored, etc) may be premature at this stage and may also depend on RAN1 input. Therefore, RAN2 can address this aspect later after further RAN1 progress.
[bookmark: _Toc118379521]RAN2 can get back to studying the specifics of the UE behavior under Cell DTX/DRX after further RAN1 progress.
2.3	Alignment aspects
When reasoning about Cell DTX/DRX mechanisms, it is natural to consider the existing UE DRX framework, both in the context of reusing the mechanisms from the existing UE C-DRX framework and in the context of synchronizing and combining the UE C-DRX with the Cell DTX/DRX. Regarding the first context, our opinion is that the question of whether (and potentially how) to reuse the existing UE C-DRX framework is more of an ASN.1 detail, which can be addressed in later stages. Regarding the second context, we think that RAN2 should carefully study how to synchronize the UE C-DRX and the Cell DTX/DRX such that the opportunities for the NW sleep are maximized while taking into consideration the UE power consumption and the UE latency performance.
[bookmark: _Toc118379516]Whether (and potentially how) to reuse the existing UE C-DRX framework is more of an ASN.1 detail, which can be addressed in later stages.
Furthermore, we think that defining the Cell DTX/DRX by simply aligning the C-DRX of multiple UEs may be quite limiting in terms of achievable NES and may lead to increased energy consumption on the UE side. For example, if the alignment is done only on the set of UEs that have similar C-DRX configurations (perhaps shifted in time relative to each other), then the Cell DTX/DRX can be applied only in rare occasions in which the UEs have similar C-DRX configurations, i.e., similar DL traffic characteristics. If the alignment is done by defining a common C-DRX for multiple UEs with possibly different traffic characteristics, then the UEs can be negatively affected in two ways. First, if the active periods in this common C-DRX configuration are more frequent and/or longer than a UE needs for its DL traffic, then this UE will unnecessarily spend the energy while listening on the DL channel on occasions in which it could otherwise sleep. Second, if the active periods in this common C-DRX configuration are less frequent and/or shorter than a UE needs for its DL traffic, then this UE will be affected negatively in terms of latency.
[bookmark: _Toc118379522]RAN2 should study how to synchronize the UE C-DRX and the Cell DTX/DRX such that the opportunities for the NW sleep are maximized while taking into consideration the UE power consumption and latency performance.
In order to achieve the objective stated in Observation 3, the Cell DTX/DRX framework should be flexible enough to allow the NW to synchronize the UE C-DRX active times and the Cell DTX/DRX active times, which can be achieved via the configuration of UE C-DRX and Cell DTX/DRX parameters.
[bookmark: _Toc118375852][bookmark: _Toc118379523]The NW can choose to synchronize the UE C-DRX active times with the Cell DTX/DRX active times by setting the appropriate values for the UE C-DRX and Cell DTX/DRX parameters.
Finally, given that the Cell DTX/DRX is configurable per serving cell, the technique is applicable in the case of carrier aggregation (CA). Furthermore, in the case of CA, the NW has extra degrees of freedom when adjusting the Cell DTX/DRX. For example, the NW may decide to apply Cell DTX/DRX only on certain cell(s) and if multiple cells are configured with DTX/DRX, the NW can align and misalign their patterns as needed. This may be useful from the point of view of UEs and their latency experience, since the NW, for example, 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: _Toc118379524]No specific handling is needed for Cell DTX/DRX in the case of CA. The NW can apply different DTX/DRX schemes for different cells. 
The corresponding TP is provided in the Annex.
3	Conclusion
In the previous sections we made the following observations: 
Observation 1	Even outside active time periods within a C-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	More complex signalling solutions (e.g., group signalling and the exact type of dynamic signalling) that would require additional specification efforts can be considered later, once the Cell DTX/DRX technique and its potential benefits are better understood.
Observation 3	Whether (and potentially how) to reuse the existing UE C-DRX framework is more of an ASN.1 detail, which can be addressed in later stages.

Based on the discussion in the previous sections we propose the following:
Proposal 1	RAN2 should focus on a periodic Cell DTX/DRX.
Proposal 2	Periodic Cell DTX/DRX should be configurable at least via dedicated RRC.
Proposal 3	The configuration of Cell sleeping patterns for DL and UL should be separate, i.e., independent for Cell DTX and Cell DRX, respectively.
Proposal 4	The configuration of multiple Cell DTX/DRX configurations can be discussed once the single Cell DTX/DRX is defined.
Proposal 5	RAN2 can get back to studying the specifics of the UE behavior under Cell DTX/DRX after further RAN1 progress.
Proposal 6	RAN2 should study how to synchronize the UE C-DRX and the Cell DTX/DRX such that the opportunities for the NW sleep are maximized while taking into consideration the UE power consumption and latency performance.
Proposal 7	The NW can choose to synchronize the UE C-DRX active times with the Cell DTX/DRX active times by setting the appropriate values for the UE C-DRX and Cell DTX/DRX parameters.
Proposal 8	No specific handling is needed for Cell DTX/DRX in the case of CA. The NW can apply different DTX/DRX schemes for different cells.
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Annex TP based on R2-2211067
Techniques in time domain
6.1.1	Cell DTX/DRX
6.1.1.x	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 RRC signalling. 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 after further RAN1 progress:
· 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 will focus on UE behavior when at any point in time the cell activates a single DTX/DRX configuration.
Editor's note: FFS if multiple sets of Cell DRX/DTX configuration are allowed.
The Cell DTX mode/configuration can also be indicated to the UE via dynamic L1/L2 signalling. The dynamic L1/L2 signalling at least supports UE dedicated indication. Whether UE group common signalling is also supported will be further studied once the Cell DTX/DRX technique and its potential benefits are better understood. 
Cell DTX and Cell DRX can be configured separately. 
It is beneficial to align UE DRX with Cell DTX and DRX alignment among multiple UEs such that the opportunities for the NW sleep are maximized while taking into consideration the UE power consumption and latency performance. As a starting point, the NW can align the UE C-DRX active times with the Cell DTX/DRX active times by setting the appropriate values for the UE C-DRX and Cell DTX/DRX parameters. Further The alignment mechanisms will can be studied later. 
Editor's note: FFS details of alignment, including UE transmission/reception behavior during DTX.
6.1.1.y	Assistance information from UE side
Editor's note: will be updated once more agreements are made.
6.1.1.z	Impacts on network interfaces
Editor's note: will be updated once more agreements are made.





