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1	Introduction
[bookmark: _Ref178064866]This contribution discusses the main open issues related to cell DTX/DRX.
2	Discussion
[bookmark: _Hlk118378814]2.1	Cell DTX/DRX Configuration, Activation and Deactivation
Since it was agreed that L1 signaling can be used to activate/deactivate cell DTX/DRX, it should be discussed how this signaling works in relation to RRC. Firstly, it should be noted that RAN1 already agreed on a parameter for L1 signaling configuration.
[bookmark: _Toc146824854]RAN1 already agreed on RRC parameter for L1 signaling.
Secondly, we should discuss how activation of cell DTX/DRX works in case of L1 signaling is configured in RRC and in case it is not configured. 
If L1 signaling is configured, the NW may want to configure the UE with cell DTX/DRX and have the pattern deactivated until it decides to activate cell DTX/DRX for the cell. The NW may also want to configure the UE with cell DTX/DRX and have the pattern active from the beginning if it is already applying cell DTX/DRX for the cell. In that case however, it would be an unnecessary burden to send the L1 signaling every time a UE enters RRC_CONNECTED, hence it more efficient to rely on a field in RRC to indicate whether the pattern is active or not. 
If L1 signaling is not configured, it could be assumed that the cell DTX/DRX pattern provided by the NW is always active since this case would only rely on RRC. However, to align both cases, it is simpler to assume that also for this case an RRC field can be used to indicate whether the pattern is active or not.
[bookmark: _Toc146824858]A mandatory field is introduced in RRC to activate/deactivate cell DTX/DRX.
Another aspect to be discussed is whether multiple configurations per serving cell should be allowed. We think multiple patterns allow flexibility on the NW side for sleeping patterns in different traffic conditions, e.g. if no UEs require at a certain moment a longer on duration time, the pattern could be changed faster such that the NW could be able to sleep longer. Moreover, the specification impact of allowing multiple patterns would not be big, as long as a single pattern is active at a time. 
[bookmark: _Toc146824855]Specification impact of multiple patterns can be minimized if there is at maximum a single pattern active at a time, for a given serving cell.

[bookmark: _Toc146824856]Multiple patterns can facilitate 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. 
[bookmark: _Toc146824859]The UE can be provided with at least two Cell DTX/DRX patterns per cell. Only one pattern is active at a time.
With multiple patterns, the NW should also inform the active pattern to the UE. An indicator is only required if at least two patterns are configured. 
[bookmark: _Toc146824860]When at least two cell DTX/DRX configurations are provided to the UE, the UE is also provided with the indicator of the pattern that should be active when receiving an RRC configuration with cell DTX/DRX.
It has also been raised whether the start offset (and slot offset) configuration should be the same for cell DTX and cell DRX and whether cell DRX would be a standalone functionality or linked to the support of cell DTX. We think there is no strong reason to limit the NW flexibility and thus different offsets and standalone DRX functionality should be allowed.
[bookmark: _Toc146824861]Cell DTX and Cell DRX offsets can be configured separately.
[bookmark: _Toc146824862]Cell DRX can be used as a standalone feature.
Another aspect to be discussed is how to ensure that the ongoing packet deliveries to the UE are not disrupted by cell DTX/DRX non-active periods. Ensuring this is 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. 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][bookmark: _Toc146824857]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 signalling, we understand the current L1 signaling defined only allows activation/deactivation of the cell DTX/DRX feature. Hence, it would still be beneficial to introduce 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, NW energy saving objectives or feedback from the UE). 
[bookmark: _Toc134719516][bookmark: _Toc146824863]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. 

2.2	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][bookmark: _Toc146824864]RAN2 will not introduce a configuration of exceptional SR occasions allowed during Cell DRX non-active periods, i.e. the UE never sends SR during cell DRX. 

2.3	CA/DC
For carrier aggregation, it was discussed in SI phase that the feature could be defined per serving cell. If defined in this way, it should naturally be applicable to other cells as well. There is no inter-dependency expected between the use of the feature for each cell separately. In case cross carrier scheduling is being used or any other feature that creates dependency between cells, it should be up to the NW how to ensure that cell DTX/DRX is activated/deactivated and/or reconfigured such that these features can work together.
However, given the UE complexity aspect of handling multiple patterns, it could be considered to define a fixed number of patterns that the UE can handle. Considering that the NW may want to handle FR1 and FR2 SCells separately, while SpCell may also have different handling than SCells, a reasonable number could be 3 patterns. 
[bookmark: _Toc146824865]At most 3 different cell DTX/DRX patterns can be active per cell group. 
This implies that MN and SN can decide to use cell DTX/DRX for its own cell group. 
3	Conclusion
In the previous sections we made the following observations: 
Observation 1	RAN1 already agreed on RRC parameter for L1 signaling.
Observation 2	Specification impact of multiple patterns can be minimized if there is at maximum a single pattern active at a time, for a given serving cell.
Observation 3	Multiple patterns can facilitate switching to sleeping mode in cases where a longer on duration is not required in the cell.
Observation 4	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.

Based on the discussion in the previous sections we propose the following:
Proposal 1	A mandatory field is introduced in RRC to activate/deactivate cell DTX/DRX.
Proposal 2	The UE can be provided with at least two Cell DTX/DRX patterns per cell. Only one pattern is active at a time.
Proposal 3	When at least two cell DTX/DRX configurations are provided to the UE, the UE is also provided with the indicator of the pattern that should be active when receiving an RRC configuration with cell DTX/DRX.
Proposal 4	Cell DTX and Cell DRX offsets can be configured separately.
Proposal 5	Cell DRX can be used as a standalone feature.
Proposal 6	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 7	RAN2 will not introduce a configuration of exceptional SR occasions allowed during Cell DRX non-active periods, i.e. the UE never sends SR during cell DRX.
Proposal 8	At most 3 different cell DTX/DRX patterns can be active per cell group.
[bookmark: _Ref110486898][bookmark: _Ref115105112]





