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1 [bookmark: _Ref4817]Introduction
During previous RAN1 meetings, cell DTX/DRX related issues were discussed and agreements were made, including impacted signals/channels, and PDCCH based cell DTX/DRX activation/deactivation related designs. 
In this contribution, we will give our considerations on two remaining issues for cell DTX/DRX, one is for PDCCH monitoring when C-DRX is also configured, and the other one is about reference time for application time.
2 Discussion on monitoring of DCI format 2_9 
During RAN1#114b, the monitoring occasion of DCI format 2_9 was discussed with the consideration of operation of UE C-DRX, the following two alternatives are finally discussed, without consensus.

Possible alternatives related to DCI format 2-9 during non-active periods of C-DRX
· Alt 1’) UE does not monitor DCI format 2-9 during non-active periods of C-DRX
· Alt 2) UE is expected to monitor DCI format 2-9 during non-active periods of C-DRX

To our understanding, allow UE to monitor DCI format 2-9 during non-active periods of C-DRX can reduce network signaling overhead, maximize network energy saving, respond fast to traffic varying and can provide energy saving gains also for UE in some cases. 

The detail analysis of benefit for Alt 2) is provided in the following.

1) Network signaling reduction

According to RAN2#123 meeting, gNB will ensure at least partial overlapping between UE C-DRX on-duration and cell DTX/DRX on-duration, however this does not mean active time of different UEs will overlap. If Alt 1’ is adopted, and when at least there are some UEs with non-overlapped C-DRX on duration, gNB has to send multiple DCI format 2_9 to different UEs, as shown in Figure.1, resulting in more network signaling overhead. The overhead will be larger when each PDCCH with DCI format 2_9 is transmitted in multiple beams. While if Alt 2 is adopted, gNB only has to send PDCCH with DCI format 2_9 once in a common occasion, all the UEs can received it regardless whether it is active time of C-DRX or not, the network signaling overhead can be reduced.

	3	The gNB should ensures that there is at least partial overlapping between UE C-DRX on-duration and cell DTX/DRX on-duration.  It is up to network implementation to ensure the alignment.  We will capture this in stage 2 specification.  
	Understanding is that alignment means that the cell DTX/DRX and C-DRX periodicity should be multiple of each other.   FFS if we anything needs to be specified in stage 3 (i.e. in IE description)
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Figure 1. DCI format 2_9 transmission for non-overlapped UE C-DRX
2) Maximize gNB energy saving gain

If gNB has to send PDCCH with DCI format 2_9 in different occasions for different UEs as shown in Figure.1, different UEs will apply cell DTX/DRX with different starting time, this will reduce gNB power saving gain, since gNB will not actually enter power saving mode until all the UEs apply the activation. 

As shown in Figure.2, UE1 and UE2 have different C-DRX cycles, for UE1, it has same C-DRX cycle as cell DTX, and for UE2, it has a C-DRX cycle twice of cell DTX. Currently, gNB is at a working mode with cell DTX deactivated. Suppose that gNB wants to enter cell DTX mode for power saving before slot m, 
· For Alt 2, both UE1 can UE2 can monitor DCI format 2_9 in slot m, so gNB sends a common DCI format 2_9 in slot m, and cell DTX will take effect in slot m+D, where D is the application delay, and D=3 is assumed in the Figure.
· For Alt 1’, since UE2 will not monitor DCI format 2_9 in slot m, gNB has to send PDCCH with DCI format 2_9 in slot m for UE1, since slot m is within UE1’s active time of C-DRX, and then send PDCCH with DCI format 2_9 in slot n for UE2, which also resulting in more signaling overhead. Or gNB waits until slot n to send DCI format 2_9 for both UEs.

It can be seen that, Alt 2) will provide more power saving gain of gNB than Alt 1’ , since gNB can activate cell DTX earlier.

[image: ]
Figure.2 Cell DTX application for Alt 1’ and Alt 2 
Even when C-DRX on duration of all the UEs are aligned, and gNB wants to activate cell DTX during non active period of UEs’ C-DRX, it has to wait until the next active time duration to transmit DCI format 2_9 in order to activate cell DTX/DRX. Before that, gNB still has to monitor CG-PUSCH, SR transmision. The power saving gain is reduced for Alt 1’. 

3) Fast response to traffic variance
For Alt 1’, gNB can only change activation/deactivation state of cell DTX/DRX during active time of UE C-DRX, and this is similar to RRC based activation/deactivation, where UE receives RRC indication of activation/deactivation of cell DTX/DRX during active time of UE C-DRX. But for Alt 2, if traffic arrives, gNB can deactivate cell DTX even during non-active time of UE C-DRX, UE can start CG-PUSCH, SPS-PDSCH and SR transmission even during its non-active period of C-DRX. So Alt 2 can provide fast response to traffic varying and UE’s experience can be improved.

4) Further reduce UE power saving during non-active period of C-DRX
For Alt 2, when a UE in non-active period receives DCI format 2_9, it can skip SPS-PDSCH monitoring occasion and stop transmitting CG-PUSCH or SR, therefore, UE can also get benefit of power saving.   
Based on above analysis, we propose to support Alt 2.

Proposal 1: Support Alt 2) UE is expected to monitor DCI format 2-9 during non-active periods of C-DRX

During the meeting, one proposal is raised to solve the monitor issue as below. 
	
Proposal #6-9
UE is not expected to be configured with C-DRX and to monitor DCI format 2-9 simultaneously.




Following the proposal, when UEs are configured with UE power saving feature C-DRX, gNB cannot activate or configure the feature of network energy saving. As discussed above, the Alt 2) is our preference and the Alt 1’ still can work but with UE vendor’s concern. Both alternatives can support the UE power saving and network energy saving at the same time. But if the proposal above is approved, it means that only one of the UE power saving and network energy saving can be used. Currently, the UE power saving is very close to the commercialization. And network energy saving is the most attractive feature to the operators. It is not acceptable when Rel-18 finished, only one of them can be configured in the network, resulting that the network power saving can only be based on RRC, the flexibility is limited. 

Proposal 2:
It is not acceptable to support the following proposal.
· UE is not expected to be configured with C-DRX and to monitor DCI format 2-9 simultaneously.


3 Discussion on application delay for DCI format 2_9
The following agreements about application delay were agreed during RAN1#114 meeting[1].
	Agreement
Delay that is applied after DCI Format 2_X reception that activate/deactivate cell DTX/DRX configuration is introduced in Rel-18.
Agreement
For each serving cell configured with L1 signaling based activation/deactivation of cell DTX and/or cell DRX configuration, starting bit position of an information block of DCI format 2_X is provided by UE specific higher layer signaling.
· UE is expected to apply cell DTX or DRX activation/deactivation change at beginning of the slot X where the SCS of slot X is with respect to the active DL or UL BWP of the serving cell, respectively.
· Slot X is the first slot whose beginning is no earlier than (i.e., same or after) beginning of slot n + D, where D is the delay and n is the slot containing the PDCCH of DCI format 2_X based on SCS of PDCCH.

	SCS of PDCCH (kHz)
	Value of D (in unit of slot)

	15
	3

	30
	6

	60
	12

	120
	24

	480
	96

	960
	192






According to the agreements, D slots is counted regarding to slot n which contains the PDCCH of DCI format 2_9. However, this will result in different starting time of cell DTX/DRX activation/deactivation when DCI format 2_9 is transmitted with multiple beams in consecutive slots.

When gNB sends DCI format 2_9, it needs to be received by UEs under different beams, so gNB may have to send it in multiple slots with different beams, especially for FR2.

This can be supported by current “duration” parameter in “SearchSpace ” configuration. gNB can configure multiple slots by “duration” for each UE, and all the UEs actually share common duration configuration. As shown in Figure.3, duration is configured with 4 slots for search space of DCI format 2_9, gNB will transmit DCI format 2_9 with multiple beams to cover UEs of different direction. UE1 monitors in the duration with the TCI 0 corresponding to its CORESET, while another UE2 monitors DCI format 2_9 in the duration with its CORESET associated to TCI 1. So it will result that UEs receive DCI format 2-9 in different slots of each duration. 
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Figure.3 Different UEs monitors DCI format 2_9 within CORESET corresponding to different TCIs
Then according to current definition of slot “n” in above agreements, the starting time when UEs apply cell DTX or DRX activation/deactivation change will be different. As shown in Figure 4, the search space duration is 4 slots, gNB sends deactivation indication during non-active period of cell DTX, and UE1 receives DCI format 2_9 in slot n, suppose SCS =15KHz, then D=3, and UE1 will apply cell DTX deactivation at slot n+3. while UE2 receives DCI format 2_9 in slot n+3, then UE2 will apply cell DTX deactivation at slot n+6. As a result of this, apply time of cell DTX deactivation will be different for different UEs. Since this is cell DTX/DRX for gNB power saving, it is better to align the activation/deactivation time. So we propose that slot X is the first slot whose beginning is no earlier than (i.e., same or after) beginning of slot n + D, where D is the delay and n is the last slot among the monitoring duration based on SCS of PDCCH, where at least one slot in the duration contains the PDCCH of DCI format 2_9. With this aligned slot “n”, gNB and UE will have common understanding that deactivation of cell DTX will be applied at slot n+6. 
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Figure 4. UEs apply cell DTX/DRX at different slots

Proposal 3: When considering slot X from which UE is expected to apply cell DTX or DRX activation/deactivation change, search space duration with multiple slots needs to be considered.

Proposal 4: Slot X is the first slot whose beginning is no earlier than (i.e., same or after) beginning of slot n + D, where D is the delay and n is the last slot among indicated by duration in each monitoring period based on SCS of PDCCH, where at least one slot among the slots indicated by duration contains the PDCCH of DCI format 2_9.
So based on above discussion, we provide the following TP change for TS 38.213.
	[bookmark: _Toc137056426][bookmark: _Toc29899165][bookmark: _Toc20311605][bookmark: _Toc29894866][bookmark: _Toc29899583][bookmark: _Toc26719430][bookmark: _Toc45699225][bookmark: _Toc29917323][bookmark: _Toc12021493][bookmark: _Toc36498197]Reasons for Change:
Currently, slot m which UE receives the PDCCH of DCI format 2_9 is treated as the reference starting slot for application delay. However, this will result in different starting time of cell DTX/DRX activation/deactivation when DCI format 2_9 is transmitted with multiple beams in consecutive slots indicated by “duration”, especially for FR2.

	Summary for Change:
Clarify that when “duration” is configured for search space set, slot m is the last slot indicated by duration, if configured in corresponding search space set and at least one slot among the slots indicated by duration contains the PDCCH of DCI format 2_9.

	Consequences if not adopted:
UEs receive DCI format 2_9 in different slots among the slots indicated by duration will apply change in activation or deactivation of a current cell DTX operation or cell DRX operation in different slots, gNB has to wake up earlier for some UEs.  

	11.5	Adaptation of cell operation
*** Unchanged parts are omitted ***
[bookmark: _GoBack]When a UE receives in slot  on the active DL BWP of a first serving cell a PDCCH providing DCI format 2_9 that indicates a change in activation or deactivation of a current cell DTX operation or cell DRX operation for a second serving cell, and the UE operates on the second serving cell according to the indicated cell DTX operation or cell DRX operation starting from a slot on the active DL BWP or on the active UL BWP of the second serving cell, respectively, that is not before the beginning of the slot    on the active DL BWP of the first serving cell where  is a number of slots for the SCS of the active DL BWP of the first serving cell in Table 11.5-1. Slot m’ is the last slot indicated by duration for corresponding search space set, if duration is configured and slot m is among the slots indicated by duration, or slot m’ is the slot where UE receives DCI format 2_9 if duration is not configured.

Table 11.5-1: Minimum time gap value 
	SCS (kHz)
	Number of slots 

	15
	3

	30
	6

	60
	12

	120
	24

	[bookmark: _Hlk39518746]480
	96

	960
	192


*** Unchanged parts are omitted ***




4 Discussion on CSI dropping due to cell DTX
In the CR [2], a UE behavior of CSI report and dropping according to the CSI reference resources when UE is configured with cell DTX is captured.
	TP of 38.214 after RAN1#114bis meeting

For the CSI report configuration in CSI-ReportConfig associated with the higher layer parameter reportQuantity comprising at least ‘RI’, the UE configured with cell DTX reports a CSI report only if receiving at least one CSI-RS transmission occasion of each periodic CSI-RS resource or semi-persistent CSI-RS resource for channel measurement and/or interference measurement in active periods of cell DTX no later than CSI reference resource, and the UE configured with cell DTX drops the CSI report otherwise.




According to the TP, only when the UE has received at least one CSI-RS transmission occasion of EACH periodic CSI-RS resource for channel measurement, the UE configured with cell DTX will report a CSI report. That means all the CSI-RS resources within one resrouce set configured for CM should have one CSI-RS transmission occasion before the CSI reference resource, then the UE can have a CSI report. 

	After the CSI report (re)configuration, serving cell activation, BWP change, or activation of SP-CSI, the UE reports a CSI report only after receiving at least one CSI-RS transmission occasion for channel measurement and CSI-RS and/or CSI-IM occasion for interference measurement no later than CSI reference resource and drops the report otherwise.

For a CSI-ReportConfig configured with codebookType set to 'typeII-CJT-r18' or 'typeII-CJT-PortSelection-r18', the UE reports a CSI report only after receiving at least one CSI-RS transmission occasion for each of the CSI-RS resources in the corresponding CSI-RS Resource Set for channel measurement and/or one CSI-IM occasion for interference measurement no later than the CSI reference resource and within the same DRX Active Time, when DRX is configured, and drops the report otherwise.

For a CSI-ReportConfig configured with codebookType set to 'typeII-Doppler-r18' or 'typeII-Doppler-PortSelection-r18', the UE reports a CSI report only if receiving at least one aperiodic or  periodic or semipersistent consecutive CSI-RS transmission occasions for each CSI-RS resource in the corresponding CSI-RS Resource Set for channel measurement and/or one CSI-IM occasion for interference measurement no later than the CSI reference resource and within the same DRX Active Time, when DRX is configured, and drops the report otherwise. The value of  is indicated by UE capability, as defined in clause 5.2.1.6.




Compared with the legacy behavior, additional requirements or limititions are on the UEs configured with cell DTX. UEs which support cell DTX will have different behaviors when configured cell DTX and other cases, and legacy behavior does not require each resource in CSI-RS resource set, this is different compared to R18 CJT or mobility enhancement case. Requiring availability of each CSI-RS resource in the resource set will increase the difficulty for UE impelmentaitons, and limit the channel state information that gNB can get. Then our proposal is to remove the ‘each’ in the latest TP for cell DTX. 

Proposal 5:
Remove the ‘each’ in the latest TP for cell DTX to allign the UE behavior with other cases, e.g. legacy spec and Rel-18 MIMO.
	For the CSI report configuration in CSI-ReportConfig associated with the higher layer parameter reportQuantity comprising at least ‘RI’, the UE configured with cell DTX reports a CSI report only if receiving at least one CSI-RS transmission occasion of each periodic CSI-RS resource or semi-persistent CSI-RS resource for channel measurement and/or interference measurement in active periods of cell DTX no later than CSI reference resource, and the UE configured with cell DTX drops the CSI report otherwise.







5 Conclusion 
In this contribution, we discuss the remaining issues related to activation/deactivation of cell DTX/DRX, and the following proposals are made:

Proposal 1: Support Alt 2) UE is expected to monitor DCI format 2-9 during non-active periods of C-DRX.

Proposal 2:
It is not acceptable to support the following proposal,
· UE is not expected to be configured with C-DRX and to monitor DCI format 2-9 simultaneously.

Proposal 3: When considering slot X from which UE is expected to apply cell DTX or DRX activation/deactivation change, search space duration with multiple slots needs to be considered.

Proposal 4: Slot X is the first slot whose beginning is no earlier than (i.e., same or after) beginning of slot n + D, where D is the delay and n is the last slot among indicated by duration in each monitoring period based on SCS of PDCCH, where at least one slot among the slots indicated by duration contains the PDCCH of DCI format 2_9.
Corresponding TP is as following.
	Reasons for Change:
Currently, slot m which UE receives the PDCCH of DCI format 2_9 is treated as the reference starting slot for application delay. However, this will result in different starting time of cell DTX/DRX activation/deactivation when DCI format 2_9 is transmitted with multiple beams in consecutive slots indicated by “duration”, especially for FR2.

	Summary for Change:
Clarify that when “duration” is configured for search space set, slot m is the last slot indicated by duration, if configured in corresponding search space set and at least one slot among the slots indicated by duration contains the PDCCH of DCI format 2_9.

	Consequences if not adopted:
UEs receive DCI format 2_9 in different slots among the slots indicated by duration will apply change in activation or deactivation of a current cell DTX operation or cell DRX operation in different slots, gNB has to wake up earlier for some UEs.  

	11.5	Adaptation of cell operation
*** Unchanged parts are omitted ***
When a UE receives in slot  on the active DL BWP of a first serving cell a PDCCH providing DCI format 2_9 that indicates a change in activation or deactivation of a current cell DTX operation or cell DRX operation for a second serving cell, and the UE operates on the second serving cell according to the indicated cell DTX operation or cell DRX operation starting from a slot on the active DL BWP or on the active UL BWP of the second serving cell, respectively, that is not before the beginning of the slot    on the active DL BWP of the first serving cell where  is a number of slots for the SCS of the active DL BWP of the first serving cell in Table 11.5-1. Slot m’ is the last slot indicated by duration for corresponding search space set, if duration is configured and slot m is among the slots indicated by duration, or slot m’ is the slot where UE receives DCI format 2_9 if duration is not configured.
Table 11.5-1: Minimum time gap value 
	SCS (kHz)
	Number of slots 

	15
	3

	30
	6

	60
	12

	120
	24

	480
	96

	960
	192


*** Unchanged parts are omitted ***




Proposal 5:
Remove the ‘each’ in the latest TP for cell DTX to align the UE behavior with legacy spec.
	For the CSI report configuration in CSI-ReportConfig associated with the higher layer parameter reportQuantity comprising at least ‘RI’, the UE configured with cell DTX reports a CSI report only if receiving at least one CSI-RS transmission occasion of each periodic CSI-RS resource or semi-persistent CSI-RS resource for channel measurement and/or interference measurement in active periods of cell DTX no later than CSI reference resource, and the UE configured with cell DTX drops the CSI report otherwise.
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