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1	Introduction
[bookmark: _Ref178064866]This contribution discusses remaining general aspects for cell DTX/DRX and FFS topics.
2	Discussion
[bookmark: _Hlk118378814]2.1	Cell DTX/DRX Configuration, Activation and Deactivation
The parameters such as periodicity, start slot/offset, and on duration allow for a basic functionality of the Cell DTX/DRX. However, they do not ensure that the ongoing packet deliveries to the UE are not disrupted by cell DTX/DRX non-active periods. Ensuring this is, however, essential since interrupting the on-going packet delivery will lead to unnecessary latency at the UE side, and it also does not bring in NW energy savings, as the NW has to ultimately transmit this data. Therefore, following the nominal on duration and off duration times may lead to inability to maintain responsive traffic patterns or meet relevant QoS/QoE requirements for individual UEs. For this reason, we think that there is a need for mechanisms that allow for extending Cell DTX and Cell DRX on duration times, which in turn would allow for accommodating the ongoing packet deliveries, transmissions and retransmissions. 
[bookmark: _Ref131492279][bookmark: _Toc134713516]NW energy saving friendly mechanisms for extending Cell DTX and Cell DRX on duration times are needed to ensure that the ongoing packet deliveries to the UE are not disrupted, to maintain responsive traffic patterns and to meet relevant QoS/QoE requirements for individual UEs.
There are different solutions that one can consider to achieve the objective summarized in Observation 1, e.g. a Cell DTX/DRX inactivity timer that the NW can configure per UE as a part of Cell DTX/DRX RRC configuration, or use dynamic signalling for extending Cell DTX and Cell DRX on duration times. For dynamic signaling, it is something to be discussed in RAN1 given the last LS RAN2 have sent to RAN1 (R2-2304568). Moreover, while RAN2 stated in this LS possible benefits from a lower layer signaling, it is not clear what usage RAN1 may conclude for L1 signaling. We should thus focus on the configuration aspect that would allow for extension of Cell DTX and Cell DRX on duration times. For this purpose, it would be beneficial to introduce in RRC a Cell DTX/DRX inactivity timer.
This timer could be UE-specific, meaning that when the Cell DTX/DRX on duration time is extended for the purpose of serving one UE, the extension does not need to be communicated to the other UEs (i.e., the cell can be considered as active from one UE’s perspective and as non-active from another UE’s perspective). Furthermore, to additionally support a NW energy saving friendly design of Cell DTX/DRX inactivity timer, the NW can choose to configure UEs with different Cell DTX/DRX inactivity timer values that are, for example, shorter than typical UE C-DRX inactivity timer values or the NW can choose to not configure Cell DTX/DRX timer for certain UEs. How and whether to configure the Cell DTX/DRX inactivity timer, the NW can decide for each UE individually (e.g., based on QoS/QoE requirements of a particular UE and the NW energy saving objectives). 
[bookmark: _Toc134719516]UE specific inactivity timer is introduced to extend on duration time of Cell DTX/DRX, i.e. after expiration of the timer, the UE considers the Cell DTX/DRX to be in non-active period. 
Since there has been a considerable progress now on how a single Cell DTX/DRX pattern can be configured for a serving cell, it should also be discussed whether multiple configurations per serving cell should be allowed. Similarly as discussed above (e.g. to better serve different UEs with different QoS requirements), configuration of multiple patterns should be allowed. We think the specification impact of allowing multiple patterns would not be big, as long as a single pattern is active at a time. 
[bookmark: _Toc134713517]Specification impact of multiple patterns can be minimized if there is always a single pattern active at a time, for a given serving cell.
This could also bring flexibility for the NW and additional sleeping opportunities, e.g. if no UEs require at a certain moment a longer on Duration time, the pattern could be timely changed on those UEs such that the NW could be able to sleep longer.
[bookmark: _Toc134713518]Multiple patterns can facilitate a faster switching to sleeping mode in cases where a longer on duration is not required in the cell.
To this end, having two patterns that can be switched between them would already allow some flexibility and would also limit the complexity on how many patterns for the UE to be aware. Therefore, it can be assumed to support at least two patterns. Whether to support anything beyond two patterns could be further discussed.  
[bookmark: _Toc134719517]The UE can be provided with at least two Cell DTX/DRX configurations. Only one configuration is active at a time.
2.2.2	Coexistence of Cell DTX and UE C-DRX
Another aspect that needs to be addressed is how Cell DTX/DRX and UE C-DRX mechanisms coexist together when the UE is configured with both Cell DTX/DRX and UE C-DRX at the same time. Regarding this aspect, we do not see the need to specify that the on-duration of C-DRX falls within Cell DTX on-duration nor the need to specify that the periodicity of UE C-DRX configurations in a cell should be the same or a multiple of the serving Cell’s DTX periodicity. In our opinion, these would impose restrictions on the UE C-DRX and Cell DTX configurations that are unnecessary for the following reasons. First, UE C-DRX on-duration times do not need to completely fall under Cell DTX on-duration times for the two features to function together. Instead, it is enough if the UE C-DRX on-duration times at least partially overlap with Cell DTX on-duration times, which can be achieved by the NW through the appropriate configuration of UE C-DRX and Cell DTX parameters. Second, the functional coexistence of UE C-DRX and Cell DTX can be further supported by defining the UE behavior in cases when UE C-DRX active periods occur during Cell DTX non-active periods, which is already being discussed. 
[bookmark: _Toc134719518]A functional coexistence of UE C-DRX and Cell DTX can be ensured by the NW through the appropriate UE C-DRX and Cell DTX configurations, and by specifying the UE behaviour in cases when UE C-DRX active periods occur during Cell DTX non-active periods. 
Furthermore, if we would define that the periodicity of UE C-DRX configurations in a cell should be the same or a multiple of the serving Cell’s DTX periodicity, it would imply that the UE C-DRX periodicity is the same or longer than the Cell DTX periodicity. However, this could leave a UE with seldom C-DRX on-duration occasions, which in turn could have negative consequences in terms of delayed transmissions. This is because the UE C-DRX configuration is semi-static and typically not changed. Hence, a UE may be configured with a C-DRX cycle that can serve UE’s QoE quite well during high-load scenarios (e.g., with rather short UE C-DRX periodicity cycles). On the contrary, Cell DTX/ DRX will most probably be tuned for low load scenarios (e.g., Cell DTX/ DRX longer periodicity cycles may be used) with the possibility that the gNB can turn off the Cell DTX/DRX promptly so that UE’s QoE is not affected negatively. However, if the UE C-DRX periodicity is restricted to be the same or longer than the Cell DTX periodicity, UE’s QoE still may be affected negatively even if the Cell DTX/DRX is turned off promptly. Another aspect is that the placement of the UE C-DRX and Cell DTX patterns in the actual time does not depend only on the UE C-DRX and Cell DTX periodicities, but also on the UE C-DRX and Cell DTX offset parameters, and hence a periodicity restriction would not ensure that the UE C-DRX and Cell DTX are aligned.  
[bookmark: _Toc134713519]Restricting the periodicity of UE C-DRX configurations in a cell to be the same or a multiple of the serving Cell’s DTX periodicity could leave a UE with seldom C-DRX on-duration occasions, which in turn could have negative consequences in terms of UE’s QoE.
[bookmark: _Toc134713520]The placement of the UE C-DRX and Cell DTX patterns in the actual time does not depend only on the UE C-DRX and Cell DTX periodicities, but also on the UE C-DRX and Cell DTX offset parameters, and hence restricting the periodicity of UE C-DRX configuration related to the serving Cell’s DTX periodicity does not ensure that the UE C-DRX and Cell DTX are aligned.

2.3	Signalling Aspects
In RAN2#121-bis-e, the following remained as FFS:
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 support high priority traffic 

1. 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

On the first FFS concerning SR configuration, we think allowing exceptional SR can also imply in monitoring of PDCCH for dynamic grants/assignments. But since it was agreed that the UE does not monitor PDCCH in this case, we do not see the need to make an exception for SR only.
[bookmark: _Toc134719519]RAN2 will not introduce a configuration of exceptional SR occasions allowed during Cell DRX non-active periods. 
Another question described in the above FFSs is whether the UE should monitor PDCCH occasions for retransmissions during Cell DTX non-active periods. One option is that the UE should be available for DL data retransmissions during Cell DTX non-active periods – note this simply means to just keep the legacy retransmission behaviour without additional impact due to Cell DTX/DRX. This would be favourable to assure packet delivery and keep QoS requirements even when applying Cell DTX/DRX. But it should also be noted that if an inactivity timer can be agreed for Cell DTX/DRX, retransmissions could be handled by such timer, and thus there would be no need to make an exception on PDCCH monitoring on the UE behaviour during Cell DTX/DRX non-active period.
[bookmark: _Toc134713521]If an inactivity timer can be agreed for Cell DTX/DRX, retransmissions for dynamic grants/assignments can be handled by such timer.
[bookmark: _Toc134719520]If inactivity timer cannot be agreed for Cell DTX/DRX, the UE should be able to monitor PDDCH for dynamic grants/assignments for retransmissions (as per legacy behaviour), during the UE’s C-DRX Active time per legacy behaviour, even during the Cell DTX non-active period for X occasions.
3	Conclusion
In the previous sections we made the following observations: 
Observation 1	NW energy saving friendly mechanisms for extending Cell DTX and Cell DRX on duration times are needed to ensure that the ongoing packet deliveries to the UE are not disrupted, to maintain responsive traffic patterns and to meet relevant QoS/QoE requirements for individual UEs.
Observation 2	Specification impact of multiple patterns can be minimized if there is always a single pattern active at a time, for a given serving cell.
Observation 3	Multiple patterns can facilitate a faster switching to sleeping mode in cases where a longer on duration is not required in the cell.
Observation 4	Restricting the periodicity of UE C-DRX configurations in a cell to be the same or a multiple of the serving Cell’s DTX periodicity could leave a UE with seldom C-DRX on-duration occasions, which in turn could have negative consequences in terms of UE’s QoE.
Observation 5	The placement of the UE C-DRX and Cell DTX patterns in the actual time does not depend only on the UE C-DRX and Cell DTX periodicities, but also on the UE C-DRX and Cell DTX offset parameters, and hence restricting the periodicity of UE C-DRX configuration related to the serving Cell’s DTX periodicity does not ensure that the UE C-DRX and Cell DTX are aligned.
Observation 6	If an inactivity timer can be agreed for Cell DTX/DRX, retransmissions for dynamic grants/assignments can be handled by such timer.

Based on the discussion in the previous sections we propose the following:
Proposal 1	UE specific inactivity timer is introduced to extend on duration time of Cell DTX/DRX, i.e. after expiration of the timer, the UE considers the Cell DTX/DRX to be in non-active period.
Proposal 2	The UE can be provided with at least two Cell DTX/DRX configurations. Only one configuration is active at a time.
Proposal 3	A functional coexistence of UE C-DRX and Cell DTX can be ensured by the NW through the appropriate UE C-DRX and Cell DTX configurations, and by specifying the UE behaviour in cases when UE C-DRX active periods occur during Cell DTX non-active periods.
Proposal 4	RAN2 will not introduce a configuration of exceptional SR occasions allowed during Cell DRX non-active periods.
Proposal 5	If inactivity timer cannot be agreed for Cell DTX/DRX, the UE should be able to monitor PDDCH for dynamic grants/assignments for retransmissions (as per legacy behaviour), during the UE’s C-DRX Active time per legacy behaviour, even during the Cell DTX non-active period for X occasions.
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