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Introduction
[bookmark: _Hlk130983393]In the approved 3GPP TR 38.864, the higher layer procedures of cell DTX/DRX have the following description[1]:
	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 UE-specific RRC signalling per serving cell. 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:
-	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 focus on UE behavior when at any point in time the cell activates a single DTX/DRX configuration. It is up to NW whether legacy UEs can access cells with Cell DTX/DRX.
The Cell DTX/DRX mode can be activated/de-activated via dynamic L1/L2 signalling and UE-specific RRC signaling. Both UE specific and common L1/L2 signalling can be considered for activating/deactivating the Cell DTX/DRX mode.
Cell DTX and Cell DRX modes can be configured and operated separately (e.g., one RRC configuration set for DL and another for UL). Cell DTX/DRX can also be configured and operated together. At least the following parameters can be configured per Cell DTX/DRX configuration: periodicity, start slot/offset, on duration. Details related to UE behaviour can be discussed during WI phase. Whether to support multiple Cell DTX/DRX configurations can be discussed later in the WI phase.
It is beneficial to align UE DRX with Cell DTX and DRX alignment among multiple UEs. The alignment mechanism can be discussed during the WI phase.
From RAN2 perspective, Cell DTX/DRX is feasible.


The objectives of the work item on cell DTX/DRX after the RAN#98-e meeting are the following[2]:
	2.	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.


In RAN1#112 meeting, the cell DTX/DRX was discussed with the following agreements:
	Agreement
· RAN1 continues discussion on the at least following physical layer related aspects of cell DTX/DRX aspects
· physical layer signals/channels and procedures expected to be impacted during non-active periods of cell DTX/DRX 
· consider impact to at least KPIs from the SI when physical layers/signals/channels are impacted by cell DTX/DRX
· Further discussions on other aspects are not precluded


Agreement
At least the following candidate signals/channels for connected mode UEs, which the UE may be expected to not transmit or receive during non-active periods of cell DTX/DRX, are considered from RAN1 perspective for further discussion. The exact set of signals/channels that the UE may be expected to not transmit or receive is FFS.
· DL
· Periodic/Semi-persistent CSI-RS (including TRS)
· PRS
· PDCCH scrambled with UE specific RNTI
· PDCCH in Type-3 CSS
· SPS-PDSCH
· UL
· SR
· Periodic/Semi-persistent CSI report
· Periodic/Semi-persistent SRS
· CG-PUSCH
Other signals/channels are not precluded



In the RAN2#121 meeting, initial discussion was held on cell DTX/DRX with the following agreements [3]:
Agreements 
1. There will be no impact to RACH, paging, and SIBs in idle/inactive for both gNB and Rel-18 and legacy UEs
1. 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.
1. 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.
1. 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.  

In this paper, we will further discuss the issues of the cell DTX/DRX mechanism.
[bookmark: OLE_LINK462][bookmark: OLE_LINK463]Discussion
Cell DTX/DRX definitions
During the [POST121][312][NES] DTX/DRX email discussion several companies pointed out that Cell DTX/DRX lacks definitions of terms used to describe the functionality, which are present in 38.300 and 38.321 for UE C-DRX. 
[bookmark: _Hlk130980574]We would like to establish a baseline by defining terms “Active period/time”, “Non-active period/time”, and “On-duration period/time” of the Cell DTX/DRX. We suggest using similar definitions as for C-DRX for brevity and clarity. The initial definitions can be following:
· Active period/time: duration when the Cell DTX/DRX does not affect any signals and channels of the gNB, i.e. the gNB transmission/reception behaviours remain unchanged. 
· [bookmark: _Hlk131497231]Non-active period/time: the period/time when the Cell DTX/DRX affects transmission (DTX) and reception (DRX) of some signals and channels of the gNB, the detailed behaviour of the gNB is TBD. The gNB does not transmit PDCCH and other defined signals (e.g. SPS).
· On-duration period/time: the fixed and periodic active period/time specified by the Cell DTX/DRX configuration with no restrictions to any signals and channels of the gNB (e.g. when a cell may transmit PDCCH). 
Note that when there is no mechanism to extend the active period, such as the inactivityTimer or retransmissionTimer of Cell DTX/DRX, the on-duration of Cell DTX/DRX is exactly the same as the active period of Cell DTX/DRX.
Proposal 1: [bookmark: _Hlk130975880]As a baseline RAN2 confirms the following definitions of Cell DTX/DRX: 
· Active period/time: duration when the Cell DTX/DRX does not affect any signals and channels of the gNB, i.e. the gNB transmission/reception behaviours remain unchanged. 
· Non-active period/time: the period/time when the Cell DTX/DRX affects transmission (DTX) and reception (DRX) of some signals and channels of the gNB, the detailed behaviour of the gNB is TBD. The gNB does not transmit PDCCH and other defined signals (e.g. SPS).
· On-duration period/time: the fixed and periodic active period/time specified by the Cell DTX/DRX configuration with no restrictions to any signals and channels of the gNB (e.g. when a cell may transmit PDCCH). 
[bookmark: _Hlk131435990]The related formula of cell DTX/DRX starting time should be also discussed, i.e. celldtx-onDurationTimer and celldrx-onDurationTimer start offset. The start time of the celldtx-onDurationTimer or celldrx-onDurationTimer, similarly to C-DRX, can be “[(SFN * 10) + subframe number] modulo (cell DTX/DRX Cycle) = celldtx/celldrx StartOffset”.
Proposal 2: RAN2 to discuss and define the related timers of cell DTX/DRX, e.g. celldtx-onDurationTimer and celldrx-onDurationTimer. The start timer formula of the onDurationTimer from UE C-DRX can be reused, i.e. “[(SFN * 10) + subframe number] modulo (cell DTX/DRX Cycle) = celldtx/celldrx StartOffset”
2.2 Cell DTX/DRX (de)activation
As discussed during the [POST121][312] email discussion, at least one kind of UE-specific signalling for (de)activating Cell DTX/DRX should be supported. For that purpose, UE-specific RRC signalling can be used in the case of initial configuration and new UEs entering the cell. It is simple and can be used implicitly, i.e. the configuration is activated immediately once configured by RRC and deactivated once the RRC configuration is released. The downsides of dedicated RRC signalling include signalling overhead and slower activation than by lower layers. 
Therefore, the group-common L1/DCI activation/deactivation is also useful as it would provide a fast and efficient way to dynamically control Cell DTX/DRX in a group manner and with low overhead. DCI, as a physical layer signalling, is in RAN1 scope. We propose to send a LS to RAN1 with RAN2 preference and ask about feasibility and design details. 
Proposal 3: [bookmark: _Hlk131502606]It is beneficial to use both UE-specific RRC signalling and group-common DCI to activate or deactivate Cell DTX/DRX. As L1 signalling is in RAN1 scope send a LS to RAN1 with our preference and ask about feasibility and design details.
2.3 Interaction of UE C-DRX and cell DTX
2.3.1 UE C-DRX behaviours under cell DTX
As mentioned above, during the cell DTX active period, the gNB and UE behaviours remain unchanged. Therefore, the UE behaviours of C-DRX can also remain unchanged. In our view, during the cell DTX non-active period, the UE should change its behaviours (to proactively stop receiving/monitoring the signals/channels that the gNB will not transmit) according to the cell DTX configuration, regardless of its C-DRX parameters, to save UE power. Fig. 1 shows an example, where a UE can normally wake up or sleep for C-DRX during the cell DTX active period, but transitions to C-DRX sleep (stops PDCCH monitoring) during the cell DTX non-active period since the network will not schedule anything for this UE.
[image: ] 
Fig.1 UE C-DRX behaviour change according to the Cell DTX
Proposal 4: The existing UE C-DRX behaviour does not change during the Cell DTX active period. The UE behaviour changes during the Cell DTX non-active period, i.e. it stops PDCCH monitoring as in legacy C-DRX non-active time. 
The existing UE C-DRX behaviours mainly depend on the related timers, namely drx-onDurationTimer, drx-InactivityTimer and drx-RetransmissionTimer. The UE should be in the C-DRX active time when these timers are running. When the cell enters cell DTX non-active period, there needs to be a change in existing UE C-DRX behaviours e.g. drx-InactivityTimer stops or is paused. This can make the UEs stop PDCCH monitoring during cell DTX non-active period and save UE power.  
Proposal 5: When the cell enters cell DTX non-active period, there is a change in existing UE C-DRX behaviour. RAN2 should define new conditions for when the related C-DRX timers are running to change UE behaviours in C-DRX during the cell DTX non-active period.
2.3.2 UE C-DRX aligned with the cell DTX
When a cell has activated cell DTX and the connected UE has activated UE DRX, there are three alignment possibilities between the cell DTX and the UE DRX:
· No alignment: UE C-DRX on duration has no overlap with the cell DTX on duration period.
· Partial alignment: part of UE C-DRX on duration overlaps with the cell DTX on duration period.
· Alignment: the UE C-DRX on duration fully overlaps with the cell DTX on duration period.  
Since there will be no DL traffic during the cell DTX non-active period, no PDCCH transmission will take place during this time. The cell DTX on duration period is the guaranteed active period that can transmit PDCCH to UEs, no matter whether there will be active period extension. If there is no alignment between UE C-DRX on-duration and cell DTX/DRX on-duration, the UE cannot be successfully scheduled. If the alignment is only partial, the PDCCH monitoring is wasting energy during the part of UE C-DRX on duration which does not overlap with the cell DRX on duration period. Consequentially, the alignment between UE C-DRX and cell DTX/DRX is necessary and beneficial for power consumption and transmission reliability reasons. When Cell DTX is activated, the UE should adopt a UE C-DRX aligned with the Cell DTX. It should be assured that the active period of cell DTX is fully overlapping the on duration of UE C-DRX for UE power efficiency.
Proposal 6: The alignment between UE C-DRX on-duration and cell DTX/DRX on-duration is necessary and beneficial for UE power consumption and transmission reliability reasons. 
The alignment of UE C-DRX with a certain Cell DTX does not result in a on/off pattern exactly the same as the on/off pattern of the Cell DTX. As shown in Fig.2, the on/off pattern of an aligned UE DRX could vary, e.g. have different duration, periodicity, or offset, but still fall within the cell DTX active time. Various UEs can have different DRX patterns, according to traffic characteristics and network scheduling requirements, and still be aligned with a certain Cell DTX. 
[image: ]
Fig.2 Different UE DRX patterns aligned with a certain Cell DTX (if Cell DTX is activated).
When the UE C-DRX on duration overlaps with the cell DTX on duration period for all UEs, there is no need to further limit the configurations of UE C-DRX, e.g. by requiring all the UE C-DRX to have the same offset. Some companies think that the offset alignment may increase NES gains. However, the NES gains of cell DTX mainly come from the fixed cell DTX non-active period. Whether extra mechanisms can be enabled during cell DTX active period to have extra NES gains, e.g. C-DRX adjustment (align offset/shorten on-duration), intelligent scheduling, should depend on NW implementations. When the scheduling of different UEs is distributed across the cell DTX on-duration period instead of concentrated on a part of it, NW can configure suitable C-DRX configurations for these UEs to avoid wasting UE energy. 
Proposal 7: If Cell DTX is activated, an aligned UE C-DRX configuration with Cell DTX means that the C-DRX on-duration falls within the cell DTX on-duration period, and the offset, periodicity or on-duration of the aligned C-DRX should be determined by NW implementation. 
Proposal 8: The periodicity of UE C-DRX configurations in a cell should be same or a multiple of the serving Cell’s DTX periodicity, and the on-duration cannot exceed the Cell DTX on-duration.
When cell DTX is activated, UEs should adopt an aligned C-DRX that may differ from the current C-DRX pattern. And when cell DTX is deactivated, the aligned C-DRX might be released and new C-DRX may be configured for UEs. The existing mechanism is to reconfigure C-DRX of UEs by UE-specific RRC messages. It is not dynamic enough and may cause high signalling overhead when cell DTX is activated/deactivated. RAN2 should discuss how to efficiently change the C-DRX of UEs when cell DTX is activated/deactivated without increasing signalling overhead.
Proposal 9: RAN2 to further discuss how to efficiently change the C-DRX of UEs to align/dealign the C-DRX when cell DTX is activated/deactivated without increasing signalling overhead. 

Conclusion
[bookmark: OLE_LINK3]In this paper, we discussed the details of the Cell DTX/DRX mechanism, and made the following proposals:
Proposal 1: As a baseline RAN2 confirms the following definitions of Cell DTX/DRX: 
· Active period/time: duration when the Cell DTX/DRX does not affect any signals and channels of the gNB, i.e. the gNB transmission/reception behaviours remain unchanged. 
· Non-active period/time: the period/time when the Cell DTX/DRX affects transmission (DTX) and reception (DRX) of some signals and channels of the gNB, the detailed behaviour of the gNB is TBD. The gNB does not transmit PDCCH and other defined signals (e.g. SPS).
· On-duration period/time: the fixed and periodic active period/time specified by the Cell DTX/DRX configuration with no restrictions to any signals and channels of the gNB (e.g. when a cell may transmit PDCCH). 
Proposal 2: RAN2 discuss and define the related timers of cell DTX/DRX, e.g. celldtx-onDurationTimer and celldrx-onDurationTimer. The start timer formula of the onDurationTimer from UE C-DRX can be reused, i.e. “[(SFN * 10) + subframe number] modulo (cell DTX/DRX Cycle) = celldtx/celldrx StartOffset”
Proposal 3: It is beneficial to use both UE-specific RRC signalling and group-common DCI to activate or deactivate Cell DTX/DRX. As L1 signalling is in RAN1 scope send a LS to RAN1 with our preference and ask about feasibility and design details.
Proposal 4: The existing UE C-DRX behaviour does not change during the Cell DTX active period. The UE behaviour changes during the Cell DTX non-active period, i.e. it stops PDCCH monitoring as in legacy C-DRX non-active time. 
Proposal 5: When the cell enters cell DTX non-active period, there is a change in existing UE C-DRX behaviour. RAN2 should define new conditions for when the related C-DRX timers are running to change UE behaviours in C-DRX during the cell DTX non-active period.
Proposal 6: The alignment between UE C-DRX on-duration and cell DTX/DRX on-duration is necessary and beneficial for UE power consumption and transmission reliability reasons. 
Proposal 7: If Cell DTX is activated, an aligned UE C-DRX configuration with Cell DTX means that the C-DRX on-duration falls within the cell DTX on-duration period, and the offset, periodicity or on-duration of the aligned C-DRX should be determined by NW implementation. 
Proposal 8: The periodicity of UE C-DRX configurations in a cell should be same or a multiple of the serving Cell’s DTX periodicity, and the on-duration cannot exceed the Cell DTX on-duration.
Proposal 9: RAN2 to further discuss how to efficiently change the C-DRX of UEs to align/dealign the C-DRX when cell DTX is activated/deactivated without increasing signalling overhead. 
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