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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. Some general aspects have been captured in [2], but many details need to be discussed during the WI phase. The first agreements done in RAN2#121 were:
	Agreements
1. There will be no impact to RACH, paging, and SIBs in idle/inactive for both gNB and Rel-18 and legacy UEs
2. Rel-18 NES capable CONNECTED UE(s) can perform RACH and receive SIBs in non-active duration of cell DTX and/or DRX (i.e., same behavior for cell DTX and cell DRX).  No further enhancements for CBRA and CFRA will be pursued.
3. Pattern configuration for cell DRX/DTX is common for Rel-18 UEs in the cell. FFS whether we have DTX UE specific inactivity timer. FFS on configuration signaling and stage 3.
4. Confirm study item agreement that we can have separate DTX and DRX configuration.   We will focus on designing DTX/DRX for at least single configuration.  FFS whether multiple configuration of cell DTX or DRX will be supported.  


And further agreements were achieved on RAN2#121-bis-e:
	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. 
5. From RAN2 point of view, majority companies see a benefit with L1 signalling for Cell DTX/DRX activation/deactivation, send a LS to RAN1 (email 308) with our preference and ask about feasibility and design details.   Ask about feasibility and reliability of using L1 signaling.  Clarify that the question is about activation/deactivation copy the agreement from last meeting that we are focusing on single configuration.  Extract a few key benefits of dynamic signaling from email discussion and online discussions
6. As baseline, UE doesn’t monitor SPS occasions during Cell DTX non-active period. As baseline, gNB is assumed to be not transmitting PDSCH to that UE on such SPS occasions during the Cell DTX non-active period
7. As baseline, UE does not transmit on CG occasions during Cell DRX non-active periods
8. As baseline, UE does not transmit SR occasions overlapping with Cell DRX non-active periods, e.g. SR transmissions are dropped during the non-active period. FFS: whether we will allow to configure the UE per SR configuration with whether SR can be transmitted during Cell DRX non-active period to to support high priority traffic 
9. (for the SRs that will be dropped) If SR is not to be transmitted on an PUCCH occasion during Cell DRX non-active time, the UE keep the SR pending, i.e., the UE delays the SR transmission till the Cell DRX active period without triggering RACH.  For the FFS case there may be some exceptions.  
10. 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


While some general aspects of cell DTX and cell DRX are now defined, several details remain to be discussed. This contribution presents the limitations of current design and how it can be further enhanced to make a practical design. 
Limitations of current Cell DTX/DRX design
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 Cell DTX/DRX when the traffic suddenly goes down. 
· Keeping the signaling overhead of Cell DTX/DRX in check. 
· The network should be able to serve UEs as quickly as possible when a traffic burst arrives. 
The agreements so far still fall short of fulfilling these pre-requisites. In fact, only UE-specific RRC signaling has been already agreed. If this would be the only type of signaling possible, entering or leaving Cell DTX/DRX would take a considerable amount of delay and signaling overhead. For that reason the consideration of more dynamic (L1/L2) signaling is essential. 
If only UE-specific RRC signaling is specified, entering or leaving Cell DTX/DRX would take a considerable amount of delay and signaling overhead
RAN2 continues to discuss and evaluate dynamic signaling benefits, especially in light of the latest agreements. 
The basic operation of Cell DTX, based on current agreements, is illustrated on Figure 1. It is important to notice that during the time shown as “Activation Delay” the network is unnecessarily consuming extra energy and during the time shown as “De-Activation Delay” the UE traffic is unnecessarily waiting at a buffer, increasing latency and access delay. L1/L2 signaling can be much faster than RRC signaling and because of that it can improve both energy savings and reduce the latency. 
L1/L2 signaling can be much faster than RRC signaling , therefore enabling it can both improve energy savings and reduce the latency. 
Cell DTX/DRX supports L1 activation / de-activation. FFS L2 signaling 
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[bookmark: _Ref134624351]Figure 1 – Basic operation of Cell DTX (based on the agreements so far)

When the gNB decides a cell should enter Cell DTX/DRX, this will be typically signaled to the whole cell. Therefore the activation should support common signaling in order to reduce the overhead of activation. 
L1/L2 activation of Cell DTX/DRX supports common (group) activation
Even starting from zero load, the network need to serve substantial traffic quickly when a burst of traffic arrives. Due to the highlighted part of the agreement below, the gNB cannot schedule new data unless Cell DTX gets de-activated. This makes it even more important to have dynamic signaling to de-activate Cell DTX quickly when is needed. Also, it should be noted that as traffic bursts are typically addressed to a single UE the overhead can be reduced by de-activating only 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 non-active period, the gNB must be able to de-activate Cell DTX quickly when a traffic burst arrives.
[bookmark: _Ref134695609]L1/L2 de-activation of Cell DTX/DRX supports both UE specific and common (group) de-activation
After a traffic burst is served, the network will have to re-activate the cell DTX.  Which will introduce some decision delay (or even Xn / backhaul signaling delay) to the network, a time where further energy saving would be possible but energy is wasted. This illustrated in Figure 2. In fact, even when dynamic signaling is used to reduce activation and de-activation delay, the overhead and energy consumption of serving a traffic burst is noticeable.  As traffic bursts are “business as usual” for every possible network deployment, RAN2 should discuss how traffic bursts can be better supported. 
 The overhead of reactivating Cell DTX/DRX after a traffic burst is high and the energy consumption in this process could be further reduced.  
RAN2 should discuss how to handle traffic bursts efficiently during Cell DTX/DRX operation and avoid excessive overhead.
RAN2 to discuss how to re-activate Cell DTX/DRX more quickly after UE-specific de-activation.
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[bookmark: _Ref134632497]Figure 2 – When a traffic burst arrives, the traffic can only be quickly served if Cell DTX is de-activated. But this entails a lot of overhead on the re-activation of Cell DTX. 

Another important consideration of PDCCH not being monitored during Cell-DTX non-active period is how to handle retransmissions. While the current agreement is only valid for new transmissions and the retransmission handling is FFS, opening an exception to retransmissions would cancel out the energy savings of not monitoring PDCCH for new transmissions. In other words, if a UE is monitoring PDCCH for retransmissions it could definitely monitor it for new transmissions too (but this is precluded by the agreement) because the energy of both UE and gNB will be spent anyway.  Therefore, another approach to retransmission handling is preferred. 
Note that, in order to maximize capacity it is quite normal to operate with relatively high initial BLER and rely on HARQ to fine tune the code rate needed for error free transmission. From the perspective of a single UE, if it needs to retransmit 10% of the time, it is still saving energy 90% of the time. So high BLER has been acceptable so far. However, the problem on Cell DTX/DRX grows quite quickly.  According to our analysis in [3], just a few active UEs would be enough to severely limit the energy savings provided by Cell DTX because the need to retransmit would come too often.  Rather than making frequent exceptions to PDCCH monitoring, which can limit the potential of energy saving, the best way to avoid retransmissions during the non-active time is to make sure that transmissions during the active time already have enough reliability.   
The best way to avoid retransmissions during the non-active time is to make sure that transmissions during the active time already have enough reliability. 
[bookmark: _Ref127518676]RAN2 sends a LS to RAN1 asking to design mechanisms to ensure transmissions can achieve enough reliability within the Cell DTX/DRX active time 
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.
[bookmark: _GoBack]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 (miliseconds, seconds). However, there are already NES solutions to track large time scales. 
The Cell DTX and Cell DRX design shall 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 configuration 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%) 
The network can configure UEs with multiple Cell DTX and Cell DRX configurations to adapt to different loads dynamically
C-DRX alignment with Cell DTX/DRX
UEs can use Connected-Mode Discontinuous Reception (C-DRX) technique to reduce the power consumption when the traffic demands are sparse. This technique allows the UE  to turn off PDCCH reception and consequently not receive new grants for traffic channels until the next period which PDCCH reception is re-activated. The main parameters in C-DRX are a cycle, a start offset, and an “ON-duration”  which is defined as a part of the C-DRX cycle where PDCCH reception is enabled.  Also, an inactivity timer that extends the UE active time in case the UE is receiving data. The UE behavior in C-DRX is well established and C-DRX is also the main enabler for legacy support in cells with Cell-DTX activated. Therefore, changes to C-DRX behavior should be minimized. 
  The UE behavior in C-DRX is well established and C-DRX is also the main enabler for legacy support in cell with Cell-DTX activated. Therefore, changes to C-DRX behavior should be minimized.
Downlink communication can only occur if the gNB is transmitting and the UE is receiving. Therefore, Cell DTX and C-DRX must work in tandem and as a general principle the time at which the 2 mechanisms are not aligned must be minimized. 
Relying on the C-DRX configuration is also the only way which legacy UEs can be supported in a cell with Cell DTX activated. But a single configuration for all UEs would mean the C-DRX configuration would become sub-optimal when Cell DTX gets de-activated. Because of that, we propose that a Cell DTX configuration includes an alternative C-DRX configuration which is applicable when Cell DTX is activated. The regular C-DRX configuration is applicable when Cell DTX is de-activated. Such definition will make it quite simple to mix Cell DTX capable UEs with legacy UEs. 
  Relying on the C-DRX configuration is the only way which legacy UEs can be supported in a cell with Cell DTX activated.
A Cell DTX configuration includes an alternative C-DRX configuration which is applicable when Cell DTX is activated. The regular C-DRX configuration is applicable when Cell DTX is de-activated.
An example shall elucidate why an alternative C-DRX configuration is important. In the example, we consider 4 UEs: 2 legacy UEs and 2 Rel-18 Cell DTX capable UEs. For each category, one UE has a VoIP call and the other is accessing Internet. The UEs with VoIP calls are configured with SPS-PDSCH.
[bookmark: _Ref131082466]Table 1 – C-DRX configuration for different load situations. A Cell DTX configuration includes an alternative C-DRX configuration applicable when Cell DTX is activated.
	UE
	Regular C-DRX configuration
	With Cell DTX configuration A
(15% load)
	With Cell DTX configuration B
(0% load)

	Legacy VoIP
	cycle – 20 ms
offset – 0 ms
on-duration – 5 ms
inactivity timer – 5 ms 
	Not applicable
	Not applicable

	Rel-18 VoIP
	cycle – 20 ms
offset – 10 ms
on-duration – 5 ms
inactivity timer – 5 ms
	cycle – 20 ms
offset – 0 ms
on-duration – 3 ms
inactivity timer – 2 ms
	cycle – 20 ms
offset – 0 ms
on-duration – 2 ms
inactivity timer – 1 ms

	Legacy Internet
	cycle – 80 ms
offset – 1 ms
on-duration – 10 ms
inactivity timer – 5 ms
	Not applicable
	Not applicable

	Rel-18 Internet
	cycle – 80 ms
offset – 33 ms
on-duration – 10 ms
inactivity timer – 5 ms
	cycle – 80 ms
offset – 2 ms
on-duration – 3 ms
inactivity timer – 5 ms
	cycle – 80 ms
offset – 0 ms
on-duration – 2 ms
inactivity timer – 5 ms



As it can be seen on Table 1, legacy UEs are configured with C-DRX configurations applicable to any load whereas Cell DTX capable UEs have multiple configurations each aligned with the network objective at a certain load. In this example, the network has Cell DTX cycle of 20 ms, which is aligned to default SSB period. Services which do not need such a short cycle may continue to use longer cycles, as long as the cycle is a multiple of the base Cell DTX cycle.  
Different UEs can be configured with different cycles, as long as the cycle is a multiple of the base Cell DTX cycle.
In the Cell DTX configurations the UE C-DRX inactivity timer and on duration are set at quite low values. This is important to make sure there is enough time to sleep in the absence of traffic. A typical gNB implementation would always align channels which cannot be quickly changed on Rel-18 to the planned Cell DTX active time, namely: SSBs, SIB-1s, paging, RACH and the on-duration of legacy UEs. That is why in this example the legacy UEs have offsets close to each other. The Rel-18 UEs, however, can operate with load distributed in time when Cell DTX is deactivated. In contrast, when Cell DTX is activated the load is concentrated together in time to align to the Cell DTX active time. 
The behavior of the configurations from Table 1 is illustrated in Figure 3 , Figure 4 and Figure 5 . When Cell DTX is de-activated the goal of the cell is to spread the traffic as much as possible over time. This is done by spreading the On-Duration and SPS of different UEs. Such configuration may be appropriate e.g. if the Internet UEs are making bulky downloads. 
Figure 4 shows a Cell DTX operation where there is reduced but still significant load. Note that in comparison to Figure 3 only Rel-18 UEs need to apply a different C-DRX configuration, and this can be done much more dynamically than with legacy signaling. As long as the network plans to have legacy UEs with offsets which align to the Cell DTX operation, the legacy UEs can maintain the same configuration both when the Cell DTX is activated and de-activated. This is a smooth operation for legacy support. In this example, the cell can sleep 15 ms for every 20 ms traffic without a burst of traffic. Also note that a Rel-18 VoIP UE may need to apply different SPS configurations depending on whether Cell DTX is activated or not. Such Cell DTX configuration may be used e.g. if the Internet UEs are browsing.
Finally, in Figure 5 the cell applies another Cell DTX configuration in order to maximize energy saving gains. This may be appropriate, for example, to periods of time where the Internet UEs are mostly idle and they only sporadically need to send some (TCP or HTTP) keep alive messages. 

[image: ]
[bookmark: _Ref131103724]Figure 3 – Operation of the configuration in Table 1 when Cell DTX is de-activated. On-duration (from C-DRX) and SPS allocation are shown.  This maximizes PDCCH opportunities, spreading the load over time
 [image: ]
[bookmark: _Ref131103732]Figure 4 - Operation of the configuration in Table 1 when Cell DTX configuration A is activated (aimed at 15% load). On-duration (from C-DRX) and SPS allocation are shown. On every cycle of 20 ms the cell sleeps for 15 ms unless there is a burst of traffic.
[image: ]
[bookmark: _Ref131103738]Figure 5 - Operation of the configuration in Table 1 when Cell DTX configuration B is activated (aimed at 0.1% load). On-duration (from C-DRX) and SPS allocation are shown. On every cycle of 20 ms the cell sleeps for 18 ms unless there is a burst of traffic.

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:	If only UE-specific RRC signaling is specified, entering or leaving Cell DTX/DRX would take a considerable amount of delay and signaling overhead.
Observation 2:	L1/L2 signaling can be much faster than RRC signaling , therefore enabling it can both improve energy savings and reduce the latency. 
Observation 3:	As PDCCH is not monitored for new grants on Cell DTX non-active period, the gNB must be able to de-activate Cell DTX quickly when a traffic burst arrives.
Observation 4:	 The overhead of reactivating Cell DTX/DRX after a traffic burst is high and the energy consumption in this process could be further reduced.  
Observation 5:	The best way to avoid retransmissions during the non-active time is to make sure that transmissions during the active time already have enough reliability. 
Observation 6:	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 7:	  The optimal Cell DTX/DRX configuration depends on the actual load (e.g. 0.1%, 5%, 10% and 15%) 
Observation 8:	  The UE behavior in C-DRX is well established and C-DRX is also the main enabler for legacy support in cell with Cell-DTX activated. Therefore, changes to C-DRX behavior should be minimized.
Observation 9:	  Relying on the C-DRX configuration is the only way which legacy UEs can be supported in a cell with Cell DTX activated.
Observation 10:	Different UEs can be configured with different cycles, as long as the cycle is a multiple of the base Cell DTX cycle.


Proposal 1:	RAN2 continues to discuss and evaluate dynamic signaling benefits, especially in light of the latest agreements. 
Proposal 2:	Cell DTX/DRX supports L1 activation / de-activation. FFS L2 signaling 
Proposal 3:	L1/L2 activation of Cell DTX/DRX supports common (group) activation
Proposal 4:	L1/L2 de-activation of Cell DTX/DRX supports both UE specific and common (group) de-activation
Proposal 5:	RAN2 should discuss how to handle traffic bursts efficiently during Cell DTX/DRX operation and avoid excessive overhead.
Proposal 6:	RAN2 to discuss how to re-activate Cell DTX/DRX more quickly after UE-specific de-activation.
Proposal 7:	RAN2 sends a LS to RAN1 asking to design mechanisms to ensure transmissions can achieve enough reliability within the Cell DTX/DRX active time 
Proposal 8:	The Cell DTX and Cell DRX design shall focus on adapting dynamically to load variations on short time scales (e.g. seconds)
Proposal 9:	The network can configure UEs with multiple Cell DTX and Cell DRX configurations to adapt to different loads dynamically
Proposal 10:	A Cell DTX configuration includes an alternative C-DRX configuration which is applicable when Cell DTX is activated. The regular C-DRX configuration is applicable when Cell DTX is de-activated.
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