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Introduction
The WI for Network Energy Saving was approved in RAN#98-e [1]. One of its objectives is to study and specify solutions for Cell DTX (Discontinuous Transmission) and Cell DRX (Discontinuous Reception), which has been approved for 3GPP Rel-18:
	2. [bookmark: _Hlk89917254]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.



During the study phase, the use of cell DTX and cell DRX mechanisms was discussed as an approach to reduce the energy consumption of 5G NR networks. In order to fulfill this goal cell DTX and DRX shall be activated as often as possible and adapt to traffic variations. This contribution focus on how the cell DTX/DRX design can better support energy savings while attaining UE performance on different loads and for traffic scenarios.
Cell DTX/DRX operation based on current agreements 
In order to maximize energy savings (to achieve the goals of the WI) Cell DTX and Cell DRX states should be applied as frequently as possible. Also, the application of Cell DTX and Cell DRX should not cause excessive latency or access delay. Otherwise, operators would be very conservative in activating the feature, not reaching the desired energy saving levels. Therefore, in order to ensure practical implementation of Cell DTX/DRX features, which can be activated most of the time, there are number of pre-requisites:
· Being able to quickly enter/leave Cell DTX/DRX when the traffic suddenly fluctuates. 
· Minimizing the signaling overhead of Cell DTX/DRX. 
· The network should be able to serve UEs as quickly as possible when a traffic burst arrives. 
On RAN2#121-bis-e [2], some agreements were made which describe some basic elements of Cell DTX/DRX operation:
 
	Agreements
1. A periodic cell DTX/DRX configuration is explicitly signalled to the UEs. 
2. A periodic cell DTX/DRX pattern is configured by UE specific RRC signalling. 
3. The Cell DTX/DRX configuration contains at least: periodicity, start slot/offset, on duration. 
4. As a baseline Cell DTX/DRX is activated/deactivated implicitly by RRC signalling, i.e. activated immediately once configured by RRC and deactivated once the RRC configuration is released. 



The operation based on these agreements is reflected on Figure 1 below. 
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[bookmark: _Ref134624351]Figure 1 – Cell DTX operation based on RRC signalling 

RAN1 decided in RAN1#113 [4] to support common signaling based on DCI for cell DTX activation and de-activation. This is an essential step to limit the signaling overhead and adapting dynamically to the traffic fluctuations. 
Common signaling based on DCI, as defined by RAN1, is essential to limit the overhead of Cell DTX/DRX and adapting dynamically to traffic fluctuations.
The main decisions taken by RAN1 were captured on the reply LS to RAN2 [3]:
	RAN1 has made the following agreements:
1. Support of L1 signaling at least for activation/deactivation of a cell DTX and/or DRX configuration is feasible (e.g., in terms of enabling/disabling the feature) from RAN1 perspective.

2. RAN1 supports the group common L1 signaling using PDCCH for cell DTX/DRX activation and deactivation without HARQ feedback.
a. subject to UE capability
b. RAN1 asks RAN2 to consider the additional support of a MAC CE based indication.

3. For the group common L1 signalling using PDCCH for cell DTX/DRX activation and deactivation
a. Based on new DCI format 2_X
i. DCI size budget is not increased
ii. Number of required BDs is not increased
iii. FFS: PDCCH monitoring configuration for the new DCI format is identical to PDCCH monitoring configuration for DCI format 2_6 if the UE monitors both DCI formats
1. FFS new RNTI is used




The operation based L1 DCI signaling is illustrated on Figure 2. Compared to Figure 1 the activation delay and de-activation delay are significantly shortened because the DCI signaling is faster than the RRC signaling. Also, the overhead is much lower because a single DCI can inform several UEs of the change, whereas RRC signaling is done separately for each UE. 
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[bookmark: _Ref134632497]Figure 2 – When traffic increases or a traffic burst arrives Cell DTX/DRX can be de-activated to serve the traffic. But this entails a lot of overhead on the re-activation of Cell DTX/DRX and it can only be done for all UEs of the group at once.

However, there are some limitations of the current design. As illustrated on Figure 2, after Cell DTX/DRX is de-activated there may be some decision delay and extra energy consumption before it can be re-activated again. Furthermore, RAN1 only defined group common L1 signaling, which means that Cell DTX/DRX can only be dynamically activated for all UEs (of the group) and it can only be dynamically de-activated for all UEs (of the group). 
When Cell DTX/DRX is to be activated this will typically apply to the whole cell. Therefore, group common DCI signaling is an appropriate mechanism. On the need for de-activation, however, different cases may be considered:
1. The aggregate traffic is increasing and because of that Cell DTX/DRX should be de-activated or modified for all UEs. 
2. A single UE has a significant traffic request which cannot be fulfilled in a single Cell DTX/DRX on-duration. 
There is currently no efficient way to handle the second case because the dynamic signaling only applies to a group of UEs and the RRC signaling is too slow for that and would create an unacceptable delay in serving the request. This case of a bursty traffic arrival, for a single UE, is further discussed on section 3, whereas the handling of aggregate traffic is discussed on section 4. 
There is currently no efficient way of handling a large traffic request from a single UE during a period when Cell DTX/DRX is activated 
[bookmark: _Ref142570621]Addressing bursts of traffic during Cell DTX/DRX 
It has been often argued multiple times that there is no need for Cell DTX/DRX to be dynamic as traffic varies slowly. This is  not how bursty traffic behaves. The load can be zero and then a relatively large traffic request from a single UE arrives (e.g. high quality short video), taking the load to 100% for some tens to hundreds of milliseconds and once the download is done the load is 0% again.  
Due to the highlighted part of the agreement below [2], the gNB cannot schedule new data unless Cell DTX gets de-activated or the PDCCH monitoring restriction is bypassed. Also, it should be noted that as traffic bursts are typically addressed to a single UE, the overhead can be reduced by de-activating Cell DTX/DRX only to that UE.  
	The understanding for the gNB scheduling behaviour for new transmissions during Cell DTX non-active period is that the gNB does not schedule UE-specific dynamic grants/assignments, even if the UE is in C-DRX Active Time.   UE doesn’t monitor PDCCH for dynamic grants/assignments for new transmissions during Cell DTX non-active period, even if the UE is in C-DRX Active time.   FFS how to deal with any exceptions (e.g. SR if agreed and RACH).  FFS how to deal with retransmissions


As PDCCH is not monitored for new grants on Cell DTX/DRX during non-active periods, the gNB must be able to de-activate Cell DTX/DRX quickly or PDCCH monitoring restrictions should be bypassed whenever a traffic burst arrives.
Based on current agreements, the gNB has to decide between:
· de-activating Cell DTX/DRX quickly but to all UEs using group DCI – which would waste UE energy, UE capacity and eventually trigger further reconfigurations and overhead including the re-activation, or 
· to de-activate it slowly using RRC signaling for a single UE – which would add a lot of delay to the request, cripple the UE throughput and hinder the user perceived quality.  
Neither option is desirable when a traffic burst arrives, addressed to a single UE. 

On the reply LS [3] , RAN1 suggested:

RAN1 asks RAN2 to consider the additional support of a MAC CE based indication.
In fact, a MAC CE based indication to de-activate Cell DTX/DRX for a single UE should solve all of the aforementioned problems. It is fast enough, so that traffic can be directly continued after a Cell DTX/DRX on-duration. It does not waste power or create overhead to other UEs. In addition, a MAC CE based indication addresses the concerns of some companies regarding the signaling reliability.
A MAC CE based indication can be used to de-activate Cell DTX/DRX for a single UE.
Referring back to Figure 2 every temporary Cell DTX/DRX de-activation will clearly lead to a future (re-) activation and a re-activation means more overhead and further energy consumption during the decision delay and activation delay. In the case of a temporary de-activation for a single UE, the re-activation overhead and energy consumption can be completely avoided if the UE is informed that the de-activation is temporary. 
The re-activation overhead and energy consumption can be completely avoided, if the UE is informed that the de-activation is temporary.
Cell DTX/DRX de-activation via MAC CE indication can be temporary.
[bookmark: _Ref142570646]Aggregate traffic dynamics and Cell DTX/DRX 
The overarching goal of Cell DTX and Cell DRX can be described as allowing the gNBs to adapt to different traffic loads, i.e. minimizing the energy consumption to satisfy a certain traffic demand with acceptable QoS. Therefore, it is important to understand how the traffic varies over time in order to envision how the Cell DTX/DRX design may be used in practice.
The traffic in mobile networks typically have a strong day/night pattern associated with human behavior and mobility. Such slow varying traffic dimension can be already exploited for NES by means of SON features, proprietary O&M features and semi-static adaptations (e.g. reconfiguring each UE one by one with RRC signaling twice per day). As there are already solutions on these large time scales, our view is that Cell DTX/DRX should focus on more dynamic adaptation to the traffic. This would unleash the full potential of Rel-18 networks to save much more energy than legacy networks.  In fact the traffic also varies significantly on smaller time scales, e.g. on milliseconds and seconds, but legacy networks do not have the means to reduce the energy consumption significantly if the traffic is reduced, for example, in the scale of seconds. 
 The traffic varies significantly both in large time scales (hours, days) as well as short time scales (milliseconds, seconds). However, there are already NES solutions to track large time scales. 
The Cell DTX and Cell DRX design should focus on adapting dynamically to load variations on short time scales (e.g. seconds)
For example, the network may activate Cell DTX and Cell DRX if a moving average of the load falls below 20% for a few seconds. Nonetheless, the best Cell DTX/DRX configuration may look quite different if the load is closer to 0% or to 20%. One of the open questions from the previous meeting is “whether multiple configurations of cell DTX or DRX will be supported”.  In our view it can be appropriate to have more than one configuration in order to adapt to different loads. For example, the network may configure the UE with configurations specifically tailored for 0%, 5%, 10% and 15% load and dynamically switch between these configurations without the need of reconfiguring the UEs every time the traffic changes slightly. 
  The optimal Cell DTX/DRX configuration depends on the actual load (e.g. 0.1%, 5%, 10% and 15%).
Another reason why it is beneficial to have multiple Cell DTX/DRX configurations is to make sure the gNB can easily mix different types of traffic based on their. Suppose, for example that a gNB only serving some browsing users is using a Cell DTX/DRX period of 80 ms. When a voice call starts, the network would like to switch to a shorter Cell DTX/DRX period of 20 ms and maintain that configuration as long as there are voice calls ongoing. When all of them are finished the gNB would prefer to switch back to 80 ms to save further energy. If RRC reconfigurations are need on each step, the overhead is very significant. If instead multiple Cell DTX/DRX configurations are available the gNB can smoothly switch the Cell DTX/DRX period based on the current traffic mix. 
 Multiple Cell DTX/DRX configurations is beneficial to for the gNB to optimize the Cell DTX/DRX period depending on current traffic mix, e.g presence or not of QoS flows. 
The network can configure UEs with multiple Cell DTX and Cell DRX configurations to adapt to different load scenarios dynamically.
Conclusions
In this contribution, we discussed some aspects of Cell DTX and Cell DRX for Network Energy Savings. The following observations and proposals have been made:
Observation 1: Common signaling based on DCI, as defined by RAN1, is essential to limit the overhead of Cell DTX/DRX and adapting dynamically to traffic fluctuations.
Observation 2: There is currently no efficient way of handling a large traffic request from a single UE during a period when Cell DTX/DRX is activated
Observation 3: As PDCCH is not monitored for new grants on Cell DTX/DRX during non-active periods, the gNB must be able to de-activate Cell DTX/DRX quickly or PDCCH monitoring restrictions should be bypassed whenever a traffic burst arrives.
Observation 4: The re-activation overhead and energy consumption can be completely avoided, if the UE is informed that the de-activation is temporary.
Observation 5: The traffic varies significantly both in large time scales (hours, days) as well as short time scales (miliseconds, seconds). However, there are already NES solutions to track large time scales. 
Observation 6: The optimal Cell DTX/DRX configuration depends on the actual load (e.g. 0.1%, 5%, 10% and 15%) 
Observation 7: Multiple Cell DTX/DRX configurations is beneficial to for the gNB to optimize the Cell DTX/DRX period depending on current traffic mix, e.g presence or not of QoS flows.


Proposal 1: A MAC CE based indication can be used to de-activate Cell DTX/DRX for a single UE.
[bookmark: _GoBack]Proposal 2: Cell DTX/DRX de-activation via MAC CE indication can be temporary.
Proposal 3: The Cell DTX and Cell DRX design should focus on adapting dynamically to load variations on short time scales (e.g. seconds)
Proposal 4: The network can configure UEs with multiple Cell DTX and Cell DRX configurations to adapt to different load scenarios dynamically.
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