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1. Introduction
At the RAN1#114bis meeting [1], there were discussions on cell DTX/DRX. In this contribution, we provide our further views for maintenance on cell DTX/DRX mechanism.

2. Discussion
2.1. PDCCH monitoring for DCI format 2_9 during non-active periods of UE C-DRX
Companies’ views on whether UE monitors DCI format 2_9 during non-active periods of C-DRX or not were completely divergent in previous meetings. The following FL’s proposals were discussed at the RAN1#114bis meeting, but RAN1 could not reach consensus.
	Possible Agreement
· Alt 1’) UE does not monitor DCI format 2-9 during non-active periods of C-DRX
· Qualcomm, MTK, vivo, Lenovo, Apple, Ericsson, Spreadtrum, xiaomi, IDC, CATT, Google
· Objected by Samsung, Panasonic, ZTE
· Alt 2) UE is expected to monitor DCI format 2-9 during non-active periods of C-DRX
· Samsung, Huawei, Nokia, ZTE, Panasonic, FW, Intel, DOCOMO, ETRI, CMCC, LGE, Fujitsu, China Telecom
· Objected by Qualcomm, MTK, vivo, Apple, Lenovo, xiaomi

Proposal #6-6B
Down-select and agree to one of the following alternative:
· Alt 1) UE is not expected to 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
· Alt 3) 
· During non-active periods of C-DRX,
· if DCI Format 2-6 is configured, UE only monitors DCI format 2-9 on PDCCH monitoring occasions that overlap with PDCCH monitoring occasions for DCI Format 2-6
· otherwise, UE only allowed to monitor DCI format 2-9 in a window prior to C-DRX active duration (e.g. copy all the design from DCI format 2-6 for 2-9)
· Note: DCI format 2-9 size may or may not be same as DCI format 2-6
· During active periods of C-DRX,
· UE monitors DCI format 2-9 based on configured search space for DCI format 2-9
· Alt 4)
· For DCI format 2-9 support two search space sets
· 1st search space set is applicable during active periods of C-DRX
· 2nd search space set is applicable during non-active periods of C-DRX
Proposal #6-9
· UE is not expected to be configured with C-DRX and to monitor DCI format 2-9 simultaneously.
Proposal #6-11
· UE monitors DCI format 2-9 during active and non-actives periods of C-DRX
· Introduce a UE capability to indicate support of monitoring DCI format 2-9 during non-active periods of C-DRX.
· For UEs that do not support this feature, UE is expected to monitor DCI format 2-9 during non-active periods of C-DRX


Above FL’s proposals could be classified as below.
· Alt.1/1’ (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.
· Alt.3: during non-active periods of C-DRX, if DCI format 2_6 is configured, UE only monitors DCI format 2_9 on PDCCH MOs that overlap with PDCCH MOs for DCI format 2_6, otherwise UE only allowed to monitor DCI format 2_9 in a window prior to C-DRX active duration.
· Proposal#6-9 (Alt.4): UE is not expected to be configured with C-DRX and to monitor DCI format 2_9 simultaneously.
· Proposal#6-11 (Alt.5): UE capability to indicate support of monitoring DCI format 2_9 during non-active periods of C-DRX is introduced.
Our preference order to support is that Alt2 > Alt.4 > Alt.3 > Alt.1 > Alt.5. 
We support Alt.2 from operator’s perspective. It would be the best way to maximize the NES effect with network configuration flexibility.
We have concern on Alt.4. This alternative prevents simultaneous configuration of C-DRX and monitoring DCI format 2_9, and then we think activation/deactivation of cell DTX/DRX via DCI format 2_9 would not be used at all as C-DRX is important feature for UE power saving.
We do not prefer Alt.1. We think that in the practical network configuration, active periods of C-DRX across different UEs (group of UEs) may be shifted. Then, to indicate activation/deactivation of cell DTX/DRX, NW needs to send DCI format 2_9 in each of active periods of C-DRX for different UEs (group of UEs), which is inefficient. 
However, considering the current situation, we believe we should try to find a compromised way, and Alt.5 and Alt.3 could be candidates for the compromise. 
We think Alt.5 could be reasonable compromise between NW side and UE side. Assuming that at least some UEs could support the monitoring of DCI format 2_9 during non-active periods of C-DRX, NW may be able to send DCI format 2_9 in smaller number of occasions e.g., only each active period of C-DRX for UEs not supporting the monitoring of DCI format 2_9 during non-active periods of C-DRX. In that sense, this alternative can achieve a middle ground between Alt.1 and Alt.2.
We think Alt.3 could also be reasonable compromise. Since major concern from UE vendors on Alt.2 is that monitoring DCI format 2_9 during non-active periods of C-DRX would prevent UE’s sleep and power saving effect, it is reasonable that if UE is configured with DCI format 2_6, the monitoring occasions between DCI format 2_6 and 2_9 during non-active periods of C-DRX are aligned to avoid additional monitoring. In addition, even if UE is not configured with DCI format 2_6, limiting the monitoring occasions for DCI format 2_9 during non-active periods of C-DRX to a window prior to the C-DRX active duration could provide the benefit of Alt.1 (longer sleep than Alt.2) to UEs to some extent while it could also provide the benefit of Alt.2 (efficient transmission of DCI format 2_9) to NW to some extent. 
There would be another possible way to achieve the balance between NW side benefits and UE side benefits. It is to relax the processing timeline for DCI format 2_9 when it is monitored during non-active periods of C-DRX. This is the principle applied to DCI format 2_6 monitoring during non-active periods of C-DRX, and hence such relaxation can address the concern on UE wake up during non-active periods of C-DRX to some extent.

We would like to point that based on the RAN2 agreement below, gNB ensures at least partial overlapping between UE C-DRX on-duration and cell DTX/DRX on-duration, and hence if UE’s C-DRX on-duration is widely spread, NES effect would be anyway limited irrespective of Alt.1 or Alt.2 due to spread cell DTX/DRX on-duration in such case.

	Agreements: @RAN2#123
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)
4	As a baseline legacy C-DRX reconfiguration is used to change UE C-DRX configuration once Cell DTX/DRX is activated/deactivated.



Based on above analysis, although Alt.2 is preferable to achieve efficient NES operation with DCI format 2_9, we should consider other candidate approaches for compromise.

Proposal 1:
· RAN1 should try to find a compromised way to conclude the discussion on whether UE monitors DCI format 2_9 during non-active periods of C-DRX or not. Following approaches should be considered as candidates.
· Introduce a new UE capability to indicate support of monitoring DCI format 2_9 during non-active periods of C-DRX
· Relax the processing timeline for DCI format 2_9 during non-active periods of C-DRX
· Limit PDCCH monitoring occasions for DCI format 2_9 during non-active periods of C-DRX same as for DCI format 2_6

2.2. Partially overlapped signal/channel 
Regarding remaining issues on how to handle partial overlap with Cell DRX non-active periods, the following FL’s proposal was made at the last RAN1 meeting.
	Proposal #23-5 (old #3-5)
If part of the P/SP-CSI report/CG PUSCH/SRS/SR transmission (including transmission that span over multiple slots) are overlapped with cell DRX non-active periods,
· Alt 1) drop all transmissions
· Alt 2) continue transmission
· Alt 3) drop only the transmission occasions that are overlapping (in units of symbols)
· Alt 4) drop only the transmission occasions that are overlapping (in units of slots)


As gNB does not receive the overlapped part of the transmission anyway, it is preferable to drop whole transmissions if transmitting the part of signal/channel in non-overlapping occasions is useless. For example, transmitting only part of UCI without repetition would be useless, and hence dropping whole transmissions can avoid unnecessary transmission.
In that sense, it is also preferable to transmit at least non-overlapping part of signal/channel if transmitting such part is useful. For example, as transmitting part of repetition/RV would be useful, dropping only the transmission occasions that are overlapping with cell DRX non-active periods is preferable for CG PUSCH repetition except for TBoMS and PUCCH repetition. Although it may be easier for UE to just continue performing transmissions, avoiding unnecessary transmission would be preferable in general.

Proposal 2:
· For PUCCH repetition and CG PUSCH repetition except for TBoMS, transmission occasion(s) partially overlapping with cell DRX non-active periods are dropped while transmission occasion(s) not overlapping with cell DRX non-active periods are not dropped.
· For other signals/channels impacted by cell DRX non-active periods, all transmission(s) are dropped if it partially overlaps with cell DRX non-active periods.
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2.3. Correction on CSI reporting/dropping condition for Doppler impacted by cell DTX 
At the RAN1#114bis meeting, the following agreement was made, and the corresponding CR (the green highlighted part) was approved accordingly.
	Agreement
For CSI report associated with P/SP CSI-RS resource and configured with reportQuantity including RI, when cell DTX is configured
· the UE reports a CSI report only if receiving at least one CSI-RS transmission occasion of each P/SP CSI-RS resource for channel measurement and/or interference measurement for the CSI report in cell DTX active period no later than CSI reference resource and drops the report otherwise.



	38.214
5.2.2.5	CSI reference resource definition
<omitted text>
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.
<omitted text>
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.
<omitted text>


At the same time, it was agreed that CSI reporting / dropping condition for Doppler and the corresponding CR (the light blue highlighted part) was added from the MIMO session. It is explicitly mentioned to study Rel-18 CSI reporting / dropping condition considering cell DTX/DRX operation, RAN1 in NES session should take care that.
	Agreement
For the Type-II codebook refinement for high/medium velocities, regarding the condition on reporting/dropping a CSI report, capture, in TS 38.214 section 5.2.2.5.1, the following condition: “…after the CSI report (re)configuration, serving cell activation, BWP change, or activation of SP-CSI”
· Further discuss how to reflect cell DTX/DRX as part of the condition under agenda item 8.5


We found something contradict between the specifications for CSI related to cell DTX and CSI for Doppler, and then we think the UE behavior in reporting or dropping CSI should be clarified when cell DTX and CSI for Doppler are simultaneously configured. 
On the UE behaviour on CSI report related to cell DTX, it is specified that the UE reports a CSI report only if receiving at least ONE CSI-RS transmission occasion in active periods of cell DTX. 
While on a Doppler CSI report, it is specified that the UE reports a CSI report only if receiving at least one aperiodic or “K_p” periodic or semipersistent consecutive CSI-RS transmission occasions … and within the same DRX Active Time.
Considering the case configured with both of cell DTX and CSI for doppler, the UE behaviour on CSI reporting is unclear with the current specification. With the current description, a UE may report a CSI for Doppler when receiving only one SP/P CSI-RS transmission occasion in active period of cell DTX, even if the UE have the capability such as ‘K_p’ equals 2 or 4. In such case, the correct condition for UE to report a CSI report for Doppler should be that if receiving at least “K_p” periodic or semipersistent consecutive CSI-RS transmission occasions in active period of cell DTX, otherwise CSI for Doppler would not be correctly obtained.
Regarding the other Rel-18 CSIs, we think no consideration is needed because other Rel-18 CSIs such as CJT CSI and TDCP CSI belong to the mTRP scheme or do not comprise “RI” respectively.

Observation 1:
· For CSI reporting / dropping condition for Rel-18 CSIs considering cell DTX operation, some spec change is needed for Doppler CSI while no spec change is needed for Rel-18 CJT and TDCP CSI.

Proposal 3:
· Reason for change
· The current descriptions of CSI reporting / dropping regarding cell DTX and regarding CSI for Doppler are not aligned.
· Summary of change
· Specify that the UE configured with cell DTX reports a CSI report only if receiving at least K_p P/SP consecutive CSI-RS transmission occasions in active periods of cell DTX no later than CSI reference resource, and the UE configured with cell DTX drops the CSI report otherwise.
· Consequences if not approved: 
· It is unclear whether a UE reports or drops CSI for Doppler where the UE receives some CSI-RS(s) during non-active periods of cell DTX.
· Adopt the following TP.
	38.214
5.2.2.5	CSI reference resource definition
<omitted text>
For a CSI-ReportConfig configured with codebookType set to 'typeII-Doppler-r18' or 'typeII-Doppler-PortSelection-r18', after the CSI report (re)configuration, serving cell activation, BWP change, or activation of SP-CSI, 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 one CSI-RS and/or CSI-IM resource transmission occasion for the CSI-RS and/or CSI-IM resource in the corresponding Resource Set 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 UE configured with cell DTX reports a CSI report only if receiving at least  periodic or semipersistent consecutive CSI-RS transmission occasions for each CSI-RS resource in the corresponding CSI-RS Resource Set for channel measurement and one CSI-RS and/or CSI-IM resource transmission occasion for the CSI-RS and/or CSI-IM resource in the corresponding Resource Set for 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. The value of  is indicated by UE capability, as defined in clause 5.2.1.6.
<omitted text>



3. Conclusion
In this contribution, we discussed cell DTX/DRX. Observations/Proposals are summarized as following: 

Proposal 1:
· RAN1 should try to find a compromised way to conclude the discussion on whether UE monitors DCI format 2_9 during non-active periods of C-DRX or not. Following approaches should be considered as candidates.
· Introduce a new UE capability to indicate support of monitoring DCI format 2_9 during non-active periods of C-DRX
· Relax the processing timeline for DCI format 2_9 during non-active periods of C-DRX
· Limit PDCCH monitoring occasions for DCI format 2_9 during non-active periods of C-DRX same as for DCI format 2_6

Proposal 2:
· For PUCCH repetition and CG PUSCH repetition except for TBoM, transmission occasion(s) partially overlapping with cell DRX non-active periods are dropped while transmission occasion(s) not overlapping with cell DRX non-active periods are not dropped.
· For other signals/channels impacted by cell DRX non-active periods, all transmission(s) are dropped if it partially overlaps with cell DRX non-active periods.

Observation 1:
· For CSI reporting / dropping condition for Rel-18 CSIs considering cell DTX operation, some spec change is needed for Doppler CSI while no spec change is needed for Rel-18 CJT and TDCP CSI.

Proposal 3:
· Reason for change
· The current descriptions of CSI reporting / dropping regarding cell DTX and regarding CSI for Doppler are not aligned.
· Summary of change
· Specify that the UE configured with cell DTX reports a CSI report only if receiving at least K_p P/SP consecutive CSI-RS transmission occasions in active periods of cell DTX no later than CSI reference resource, and the UE configured with cell DTX drops the CSI report otherwise.
· Consequences if not approved: 
· It is unclear whether a UE reports or drops CSI for Doppler where the UE receives some CSI-RS(s) during non-active periods of cell DTX.
· Adopt the following TP.
	38.214
5.2.2.5	CSI reference resource definition
<omitted text>
For a CSI-ReportConfig configured with codebookType set to 'typeII-Doppler-r18' or 'typeII-Doppler-PortSelection-r18', after the CSI report (re)configuration, serving cell activation, BWP change, or activation of SP-CSI, 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 one CSI-RS and/or CSI-IM resource transmission occasion for the CSI-RS and/or CSI-IM resource in the corresponding Resource Set 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 UE configured with cell DTX reports a CSI report only if receiving at least  periodic or semipersistent consecutive CSI-RS transmission occasions for each CSI-RS resource in the corresponding CSI-RS Resource Set for channel measurement and one CSI-RS and/or CSI-IM resource transmission occasion for the CSI-RS and/or CSI-IM resource in the corresponding Resource Set for 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. The value of  is indicated by UE capability, as defined in clause 5.2.1.6.
<omitted text>
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