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Introduction
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.



[bookmark: _Hlk133158087]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.  
[bookmark: _Hlk134110406]In the RAN2#121-bis meeting, the cell DTX/DRX was discussed, with the following agreements [4]:
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 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

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). The UE does not monitor PDCCH for dynamic grants/assignments for new transmissions and does not transmit on CG and SR occasions.
· 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). The UE does not monitor PDCCH for dynamic grants/assignments for new transmissions and does not transmit on CG and SR occasions.
· 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 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 The gNB/UE behaviour of cell DTX/DRX 
[bookmark: _Hlk134176266]During the [POST121][311] email discussion, the UE behaviour for dynamic reception of PDSCH assignments and transmission on PUSCH dynamic grants in non-active duration of Cell DTX was discussed. To maximize the NES gain, the NW should avoid scheduling dynamic assignments with PUSCH/PDSCH occasions occurring during Cell DRX/DTX non-active periods. If the scheduling of PUSCH/PDSCH was received by the UE during Cell DRX/DTX non-active period, which means the gNB wants to receive/transmit data in Cell DRX/DTX non-active periods, UE can transmit on PUSCH and/or receive PDSCH assignments without changing its behaviour. In such scenario, the UE should be in C-DRX active time. In other words, the UE always follows NW scheduling and does not autonomously drop PDSCH/PUSCH transmission if scheduled by the gNB. 
Proposal 3: It is up to gNB implementation to avoid scheduling dynamic assignments with PUSCH/PDSCH occasions occurring during Cell DRX/DTX non-active periods. If the scheduling of PUSCH/PDSCH occurs during Cell DRX/DTX non-active periods, the UE can transmit on PUSCH and/or receive PDSCH assignments without changing its behaviour in C-DRX active time.
In the last RAN2 meeting, we have achieved the following agreement about SR [4]: 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. As for some exceptional scenarios with high priority traffic, such as delay sensitive service, those UEs shall not be configured with cell DTX/DRX or handed over to another cell. They should be treated as legacy UEs with no changes of their behaviours. In our opinion, only the SRs related to connection issues should be supported in Cell DTX/DRX non-active periods. For example, SR for SCell BFR should be supported to complete the beam failure recovery procedure. Cell DTX/DRX naturally will decrease the performance to achieve energy saving gain. To maximize the NES gain, the exceptional scenarios should be limited only to necessary cases. The most crucial SRs are related to connection issues which can be allowed to be transmitted during cell DRX non-active period. 
Proposal 4: As an optional feature, exceptional scenarios related to connection issues for SR transmission can be supported in cell DTX/DRX non-active period, e.g. SR for SCell BFR. As a baseline the SR occasions should be dropped. 
Similar to the discussion for dynamic grants/assignment for new transmission during cell DTX non-active period, the retransmissions should be delayed to the next cell DTX active period to maximize the NES gain. So the gNB does not schedule UE-specific dynamic grants/assignments for retransmissions during cell DTX non-active periods, even if the UE is in C-DRX Active Time. At the same time, if the UE drx-RetransmissionTimer is running during the cell DTX non-active period, it can be paused/stopped until the cell enters cell DTX active period to save UE energy as no PDCCH for dynamic retransmissions will be received. If the PDCCH for retransmissions was received during cell DTX active time and the PDSCH falls within the non-active time, the UE follows the NW scheduling in C-DRX active time (i.e. no autonomous dropping of PDSCH/PUSCH transmissions if scheduled by the gNB).
Proposal 5: It is up to gNB implementation to avoid scheduling UE-specific dynamic grants/assignments for retransmissions during cell DTX non-active periods. UE doesn’t monitor PDCCH for dynamic grants/assignments for retransmissions during Cell DTX non-active time. If the PDCCH for retransmissions was received during cell DTX active time and the PDSCH falls within the non-active time, the UE follows the NW scheduling in C-DRX active time. 
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 changing its existing C-DRX behaviours according to the Cell DTX
Proposal 6: 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 7: 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.
When the UE is scheduled with a PDCCH, the NW may configure it with a bwp-InactivityTimer. If a UE does not receive the scheduled DCI within the timer, the BWP will switch to the default downlink BWP to save UE’s energy, since there is no more traffic. However, during the cell DTX non-active period, there will be no PDCCH dynamic scheduling, which will lead to unnecessary switching to the default downlink BWP after the timer expires. If there is a PDCCH scheduled in the next cell DTX active period, it will switch to the larger BWP, which will lead to an overhead and decrease the efficiency and performance due to the delayed NW scheduling. Such mechanism can cause frequent BWP switching with the cell DTX/DRX enabled (Fig.2). Therefore, the bwp-InactivityTimer should be paused during cell DTX non-active period and resumed running during cell DTX active period.
[bookmark: _Hlk134206513]A similar issue can be observed in the SCell which should not be frequently (de)activated when the cell enters cell DTX/DRX active or non-active period. Thus, the sCellDeactivationTimer should also be paused due to the same reason as bwp-InactivityTimer.
[image: ]
Fig.2 Frequent default DL BWP fallback due to bwp-InactivityTimer expiry
Proposal 8: The bwp-InactivityTimer and sCellDeactivationTimer should be paused during cell DTX non-active period and resumed during cell DTX active period to decrease unnecessary BWP fallback and SCell deactivation.
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 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 9: 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.3, 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.3 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 10: 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 11: 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 12: RAN2 to further discuss how to efficiently change the C-DRX of UEs to align 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). The UE does not monitor PDCCH for dynamic grants/assignments for new transmissions and does not transmit on CG and SR occasions.
· 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 up to gNB implementation to avoid scheduling dynamic assignments with PUSCH/PDSCH occasions occurring during Cell DRX/DTX non-active periods. If the scheduling of PUSCH/PDSCH occurs during Cell DRX/DTX non-active periods, the UE can transmit on PUSCH and/or receive PDSCH assignments without changing its behaviour in C-DRX active time.
Proposal 4: As an optional feature, exceptional scenarios related to connection issues for SR transmission can be supported in cell DTX/DRX non-active period, e.g. SR for SCell BFR. As a baseline the SR occasions should be dropped. 
Proposal 5: It is up to gNB implementation to avoid scheduling UE-specific dynamic grants/assignments for retransmissions during cell DTX non-active periods. UE doesn’t monitor PDCCH for dynamic grants/assignments for retransmissions during Cell DTX non-active time. If the PDCCH for retransmissions was received during cell DTX active time and the PDSCH falls within the non-active time, the UE follows the NW scheduling in C-DRX active time. 
Proposal 6: 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 7: 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 8: The bwp-InactivityTimer and sCellDeactivationTimer should be paused during cell DTX non-active period and resumed during cell DTX active period to decrease unnecessary BWP fallback and SCell deactivation.
Proposal 9: 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 10: 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 11: 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 12: RAN2 to further discuss how to efficiently change the C-DRX of UEs to align the C-DRX when cell DTX is activated/deactivated without increasing signalling overhead. 

References
[1]. [bookmark: _Ref130983336][bookmark: _Ref130894263]3GPP TR 38.864 V1.0.0
[2]. [bookmark: _Ref130983348]RP-223540 New WID Netw_Energy_NR
[3]. [bookmark: _Hlk134112164]R2-2301903	Report from Session on NES, UAV, Small Data, Rel-15-17 UP, Rel-17 Small Data, IIoT/URLLC, and RACH partitioning
[4]. [bookmark: _Hlk134257650]R2-2304203 Report from Session on NES, UAV, Rel-15-17 UP, Rel-17 Small Data, IIoT/URLLC, and RACH partitioning
3GPP
image3.emf
Cell DTX-on

UE1

UE2

UE3

Cell 

DTX-off

UE DRX-on

UE DRX-off

UE DRX-on

UE DRX-off

UE DRX-on

UE DRX-off

Cell


image1.png
Active/

On-duration
Cell
DTX
Non-active
i
i
i
eoccH |
Active _;i
fe—
UE Hnc onDurationTimer
C-DRX d
Sleep

UE C-DRX periodicity




image2.png
Active/

On-duration
Cell
DTX
Non-active
A
Frequency
domain
UE
C-DRX

Default DL BWP

UE C-DRX periodicity

Default DL BWP

»Time domain





