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Introduction
It was agreed in [1] to specify enhancements on cell DTX/DRX mechanism.
	The objectives of the work item are the following:
1. Specify SSB-less SCell operation for inter-band CA for FR1 and co-located cells, if found feasible by RAN4 study, where a UE measures SSB transmitted on PCell or another SCell for an SCell’s time/frequency synchronization (including downlink AGC), and L1/L3 measurements, including potential enhancement on SCell activation procedures if necessary [RAN4, RAN2]

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.
3. Specify the following techniques in spatial and power domains
· Specify necessary enhancements on CSI and beam management related procedures including measurement and report, and signaling to enable efficient adaptation of spatial elements (e.g. antenna ports, active transceiver chains) [RAN1, RAN2]
· Specify necessary enhancements on CSI related procedures including measurement and report, and signaling to enable efficient adaptation of power offset values between PDSCH and CSI-RS [RAN1, RAN2]
· Note: Above objectives are only for UE specific channels/signals
· Note: Legacy UE CSI/CSI-RS capabilities applies when considering total number of CSI reports and requirements


The contribution focuses on enhancements on cell DTX/DRX mechanism.

Cell DTX/DRX mechanism
Cell DTX/DRX belongs to time-domain NES techniques. 
It seems majority view that only cell DTX/DRX in RRC CONNECTED state should be specified due to limited time. For low to medium traffic load, gNB can enter light sleep or micro sleep or light sleep (if sleep time is long) for energy saving in RRC CONNECTED state.
Observation 1: For low to medium traffic load, gNB can enter micro sleep or light sleep for energy saving in RRC CONNECTED state.
It may be argued that gNB can enter micro sleep or light sleep without informing UEs served by gNB. However, the UEs may still receive DL signals/channels (e.g. monitor PDCCHs and receive RS) and transmit UL signals/channels. This is not power efficient for the UEs. Therefore, it is better that gNB can inform the UEs to skip some activities for a time interval.
Observation 2: It is better that gNB can inform the UEs to skip some activities for a time interval, when gNB enters micro sleep or light sleep.
It was agreed in RAN2, active period and non-active period will be configured, e.g. via RRC signaling.
In RAN1#112 [2], what is RAN1 work was discussed regarding active/non-active period introduction. It was agreed that RAN1 should continue discussion on which PHY signals/channels are impacted during inactive period of cell DTX/DRX.
	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


Observation 3: RAN1 should continue discussion on which PHY signals/channels are impacted during inactive period of cell DTX/DRX.
In RAN1#112 [2], some candidate signals/channels which may not transmitted/received during non-active period were identified.
	[bookmark: _Ref494215420][bookmark: _Ref502921678][bookmark: _Ref502921460]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



1.1 Cell DTX
The PDCCH in UESS and PDCCH in Type-3 CSS are not monitored by UE outside UE active time. It is better that cell DTX and UE C-DRX are aligned. Hence, at least PDCCH scrambled with UE specific RNTI and PDCCH in Type-3 CSS is not expected to transmit. It means alignment between cell DTX and UE C-DRX can be pursued.
Proposal 1: At least for cell DTX, alignment between cell DTX and UE C-DRX is pursued.
From UE perspective, TRS is important and the periodical reception is suitable for time/frequency tracking loop algorithms. It can be observed in aperiodic TRS design principle that aperiodic TRS should be designed as an additional TRS occasion for an existing periodic TRS configuration. In this principle, periodic TRS is the baseline for tracking loop algorithms. If TRS is not transmitted in non-inactive period, it is not good for tracking loop algorithms. 
Furthermore, if TRS is not transmitted in non-inactive period, UE may need more time at the beginning of active period for time/frequency tracking loop. It will make performance or latency degraded.
Therefore, we think there could be some compromises between gNB and UE, e.g. gNB still transmit TRS a prior to active period within non-active period.
Proposal 2: Whether TRS is not expected not transmit during non-active period of cell DTX should be studied, and UE performance impact should be considered.

1.2 [bookmark: _GoBack]Cell DRX
In R18 NES SI, power model for UL and energy saving schemes for UL were not addressed. The energy saving gain for cell DRX seems not well studied. Furthermore, there is no benefit for alignment between cell DRX and UE C-DRX, since UE transmission is not controlled by UE C-DRX at all. UE transmission is almost out of scope to UE power saving. For example, UE power saving schemes including DCI format 2_6, cross-slot scheduling, PDCCH skipping and SSSG switching are not related to UE transmission. Therefore, there is no critical demand for cell DRX. 
Proposal 3: At least for cell DRX, alignment between cell DRX and UE C-DRX is not pursued.

Conclusion
We have the following observations.
Observation 1: For low to medium traffic load, gNB can enter micro sleep or light sleep for energy saving in RRC CONNECTED state.
Observation 2: It is better that gNB can inform the UEs to skip some activities for a time interval, when gNB enters micro sleep or light sleep.
Observation 3: RAN1 should continue discussion on which PHY signals/channels are impacted during inactive period of cell DTX/DRX.
We have the following proposals.
Proposal 1: At least for cell DTX, alignment between cell DTX and UE C-DRX is pursued.
Proposal 2: Whether TRS is not expected not transmit during non-active period of cell DTX should be studied, and UE performance impact should be considered.
Proposal 3: At least for cell DRX, alignment between cell DRX and UE C-DRX is not pursued.
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Appendix 
A.1  Relationship between CSI-RS and UE C-DRX
The relationship between CSI-RS for CSI acquisition and UE active time is copied from 38.214-hxx.
	If the UE is configured with DRX, 
-	if  the UE is configured to monitor DCI format 2_6 and configured by higher layer parameter ps-TransmitOtherPeriodicCSI to report CSI with the higher layer parameter reportConfigType set to 'periodic' and reportQuantity set to quantities other than 'cri-RSRP' and 'ssb-Index-RSRP' when drx-onDurationTimer in DRX-Config is not started, the most recent CSI measurement occasion occurs in DRX active time or during the time duration indicated by drx-onDurationTimer in DRX-Config also outside DRX active time for CSI to be reported;
-	if the UE is configured to monitor DCI format 2_6 and configured by higher layer parameter ps-TransmitPeriodicL1-RSRP to report L1-RSRP with the higher layer parameter reportConfigType set to 'periodic' and reportQuantity set to cri-RSRP when drx-onDurationTimer in DRX-Config is not started, the most recent CSI measurement occasion occurs in DRX active time or during the time duration indicated by drx-onDurationTimer in DRX-Config also outside DRX active time for CSI to be reported;
-	otherwise, the most recent CSI measurement occasion occurs in DRX active time for CSI to be reported.


The relationship between CSI-RS for mobility and UE active time is copied from 38.214-hxx.
	If the UE is configured with DRX, the UE is not required to perform measurement of CSI-RS resources other than during the active time for measurements based on CSI-RS-Resource-Mobility. When the UE is configured to monitor DCI format 2_6, the UE is not required to perform measurements other than during the active time and during the timer duration indicated by drx-onDurationTimer in DRX-Config also outside active time based on CSI-RS-Resource-Mobility. 
If the UE is configured with DRX and DRX cycle in use is larger than 80 msec, the UE may not expect CSI-RS resources are available other than during the active time for measurements based on CSI-RS-Resource-Mobility. If the UE is configured with DRX and configured to monitor DCI format 2_6 and DRX cycle in use is larger than 80 msec, the UE may not expect that the CSI-RS resources are available other than during the active time and during the time duration indicated by drx-onDurationTimer in DRX-Config also outside active time for measurements based on CSI-RS-Resource-Mobility. Otherwise, the UE may assume CSI-RS are available for measurements based on CSI-RS-Resource-Mobility.



A.1  Relationship between CSI reference resource and UE C-DRX
The relationship between CSI reference resource and UE active time is copied from 38.214-hxx.
	When DRX is configured, the UE reports a CSI report only if receiving at least one CSI-RS transmission occasion for channel measurement and CSI-RS and/or CSI-IM occasion for interference measurement in DRX Active Time no later than CSI reference resource and drops the report otherwise. When DRX is configured and the CSI-RS Resource Set for channel measurement corresponding to a CSI report is configured with two Resource Groups and  Resource Pairs, as described in clause 5.2.1.4.1, the UE reports a CSI report only if receiving at least one CSI-RS transmission occasion for each CSI-RS resource in a Resource Pair within the same DRX Active Time no later than CSI reference resource and drops the report otherwise. When the UE is configured to monitor DCI format 2_6 and if the UE configured by higher layer parameter ps-TransmitOtherPeriodicCSI to report CSI with the higher layer parameter reportConfigType set to 'periodic' and reportQuantity set to quantities other than 'cri-RSRP', 'ssb-Index-RSRP', 'cri-RSRP-Capability[Set]Index', and 'ssb-Index-RSRP-Capability[Set]Index ' when drx-onDurationTimer is not started, the UE shall report CSI during the time duration indicated by drx-onDurationTimer in DRX-Config also outside active time according to the procedure described in Clause 5.2.1.4 if receiving at least one CSI-RS transmission occasion for channel measurement and CSI-RS and/or CSI-IM occasion for interference measurement during the time duration indicated by drx-onDurationTimer in DRX-Config outside DRX active time or in DRX Active Time no later than CSI reference resource and drops the report otherwise. When the UE is configured to monitor DCI format 2_6 and if the UE configured by higher layer parameter ps-TransmitPeriodicL1-RSRP to report L1-RSRP with the higher layer parameter reportConfigType set to 'periodic' and reportQuantity set to 'cri-RSRP', 'ssb-Index-RSRP', 'cri-RSRP-Capability[Set]Index', or 'ssb-Index-RSRP-Capability[Set]Index' when drx-onDurationTimer is not started, the UE shall report L1-RSRP during the time duration indicated by drx-onDurationTimer in DRX-Config also outside active time according to the procedure described in clause 5.2.1.4 and when reportQuantity set to 'cri-RSRP' or 'cri-RSRP-Capability[Set]Index' if receiving at least one CSI-RS transmission occasion for channel measurement during the time duration indicated by drx-onDurationTimer in DRX-Config outside DRX active time or in DRX Active Time no later than CSI reference resource and drops the report otherwise.



