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Introduction
This contribution discusses the remaining details in the design of the PDCCH-based power saving signal/channel outside Active Time, and the TPs related to TR38.213 are also provided.
 
[bookmark: _Ref16851749]Remaining issues on PDCCH based Power Saving Signal/Channel

Configuration of minimum time gap 

The minimum time gap is agreed in RAN1#100e to be no more than 3ms for all SCSs. However, the detailed values will be determined at the next meeting. 
	Agreements:
· Candidate values for the minimum time gap are specified by RAN1 and shared with RAN4 
· Minimum time gap is no more than 3 ms for all SCSs
· [bookmark: OLE_LINK20][bookmark: OLE_LINK21]Two values of minimum time gap for each SCS are proposed as 
· 15kHz: {TBD, TBD} slots
· 30kHz {TBD,  TBD} slots
· 60kHz {TBD, TBD} slots
· 120kHz {TBD, TBD} slots



The minimum time gap is specified as the UE required processing time after receiving the wakeup indication from the DCI format 2_6. When UE is configured with DRX adaption and monitoring the DCI format 2_6, UE needs to   perform background processing, such as channel tracking and measurements, before the WUS monitoring occasion in preparation of PDCCH decoding. When UE retrieves the power saving information, such as wakeup and SCell dormancy indications, from DCI format 2_6, UE should be ready to monitor the PDCCH in subsequent DRX On duration and SCell dormant/non-dormant state transition if the UE supports CA when UE is triggered to wake up. However, UE still needs to have some time for additional processing, such as hardware configuration and measurement preparation after wakeup. Two optional values of the minimum time gap, i.e. {value1, value2} for each SCS, are reported by UE according to UE capability. The smaller one is used for the processing time of general hardware configuration in preparation of PDCCH monitoring and associated procedure after UE wakeup, i.e. CSI measurements and report. The larger one is designed for the additional process time, such as RF tuning, change of configuration from PDCCH monitoring for DCI format 2_6 monitoring, and BWP switching. The minimum time gap would be determined by the factor with maximum latency or the combination of latencies from all processing time. 
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]The larger value of minimum time gap is specified at least to cover the required processing time of BWP switching for SCell dormant/non-dormant transition and channel tracking in preparation for the PDCCH monitoring of SCells. It was agreed in RAN4 that MIMO layer adaption is based on BWP switching. The BWP switching delay requirements reuse Rel-15 BWP switching delay requirements. The minimum time gap would take into consideration of the processing time for BWP switching based SCell dormant/non-dormant transition without change of BWP numerology, bandwidth and location etc.. Thus, the value of minimum time gap considering dormant/non-dormant transition would reuse the BWP switching delays in RAN4, i.e. 3 slots for 15kHz, 5 slots for 30kHz, 9 slots for 60kHz and 18 slots for 120kHz.
For the smaller value of minimum time gap, some processing, such as preparing for monitoring PDCCH and some timer, is not needed. The processing delay could be allowed to reduce slightly compared with the normal transition from DRX inactive time to active time. The lower bound of minimum time is proposed to be set at the following values, i.e. 1 slot for 15kHz, 1 slot for 30kHz, 2 slots for 60kHz and 4 slots for 120kHz.

Proposal 1: Two values of minimum time gap for each SCS are proposed as: 
· 15kHz: {1,3} slots
· 30kHz: {1, 5} slots
· 60kHz: {2, 9} slots
· 120kHz: {4, 18} slots

Configuration of monitoring occasion 
UE procedure on DCI format 2_6 monitoring was agreed in RAN1#99 as follows:
	Agreements:
Confirm the working assumption,  
The range of monitoring is derived based on existing parameters, e.g., duration and  monitoringSymbolsWithinSlot, in SearchSpace IE without any change
Agreements:
The parameters of  monitoringSlotPeriodicityAndOffset, duration and  monitoringSymbolsWithinSlot in the SearchSpace IE are used for the search space in the indication of DCI format 3_0 monitoring.
Agreements:
For each SearchSpace set, UE monitors DCI format 3_0 only in the 1st full “duration” at or after the PS_offset, but before the DRX on-duration
Agreements:
UE is not required to monitor DCI format 3_0 during the minimum time gap before DRX ON.  


 
In RAN1#99, it was agreed that UE monitors DCI format 2_6 only in the 1st full “duration” at or after the PS_Offset before the DRX On duration for each SearchSpace set. As shown in Figure 1, when the 1st duration of monitoring occasion is invalid due to collision with other procedure, e.g. SSB, UE will consider it as an invalid monitoring occasion. If there is more than one  monitoring occasion before the DRX ON for the given search space, UE should be able to monitor the subsequent valid monitoring occasion.  


[bookmark: _Ref24114643][bookmark: _Ref24096102]Figure 1: Search space configuration in multi-beam scenario

Proposal 2: For each SearchSpace set, UE monitors DCI format 2_6 only in the 1st full “duration” of valid monitor occasion at or after the PS_offset, but before the DRX on-duration.

The related TP is provided as follows.
-----------------------------------------------------Start of TP to Section 10.3 of 38.213--------------------------------------------
10.3	PDCCH monitoring indication and dormancy/non-dormancy behaviour for SCells 
*** Unchanged text is omitted ***
-  an offset by ps-Offset indicating a time, where the UE starts monitoring PDCCH for detection of DCI format 2_6 according to the number of search space sets, prior to a slot where the drx-onDuarationTimer would start on the PCell or on the SpCell [11, TS 38.321]
	-  for each search space set, the PDCCH monitoring occasions are the ones in the first valid monitoring  slots indicated by duration, or  slot if duration is not provided, starting from the first slot of the first  slots and ending prior to the start of drx-onDurationTimer. 
*** Unchanged text is omitted ***
-----------------------------------------------------End of TP to Section 10.3 of 38.213--------------------------------------------

Report of L1-SINR
RAN1 has introduced two RRC parameters PS-Periodic_CSI_TransmitOrNot and PS_Periodic_L1-RSRP_TransmitOrNot to allow UE to skip PDCCH monitoring but still report CSI/L1-RSRP during the time corresponding to the “On duration”. In Rel-16, L1-SINR was introduced as an additional measurement that UE can report. During Power Saving discussion in RAN1#99, L1-SINR was not taken into account for its absence. L1-SINR measurement was introduced in Rel-16 eMIMO to incorporate the interference into the measurement for beam management in addition to L1-RSRP measurement.  gNB could configure UE to report either L1-RSRP or L1-SINR for the beam management. Thus, periodic L1-SINR report should be considered as the required measurements similar to L1-RSRP even if drx-OndurationTimer is not started. For the triggering of periodic L1-SINR report, there are two options of RRC parameter configuration as following.
Option 1: An additional RRC parameter (like that for L1-RSRP) is introduced to allow periodic L1-SINR feedback.
[bookmark: OLE_LINK82][bookmark: OLE_LINK83][bookmark: OLE_LINK24]Option 2: The existing parameter, e.g. PS_Periodic_L1-RSRP_TransmitOrNot, is reused to allow periodic L1-SINR feedback.
From our point of view, L1-SINR and L1-RSRP are both L1 measurement metrics and distinguished each other only by reportQuantity, so they can be indicated by the same RRC parameter. We prefer to use the existing RRC parameter for L1-RSRP, i.e. PS_Periodic_L1-RSRP_TransmitOrNot, to inform UE whether to feedback the periodic L1-SINR report during “DRX on-duration” time.
Proposal 3: Rel-16 L1-SINR could be considered to feedback indicated by the existing RRC parameter PS_Periodic_L1-RSRP_TransmitOrNot.
Following TP is proposed for report of L1-SINR.
-----------------------------------------------------Start of TP of 38.213------------------------------------------------------------------
5.1.6.1           CSI-RS reception procedure

*** Unchanged text is omitted ***

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-Periodic_CSI_TransmitOrNot]  to report CSI with the higher layer parameterreportConfigType set to ‘periodic’ when drx-onDurationTimer is not started, the most recent CSI measurement occasion occurs in DRX active time or during the time duration indicated by drx-onDurationTimer 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_Periodic_L1-RSRP_TransmitOrNot] to report L1-RSRP or L1-SINR with the higher layer parameterreportConfigType set to ‘periodic’ and reportQuantity set to cri-RSRP or cri-SINR when drx-onDurationTimer is not started, the most recent CSI measurement occasion occurs in DRX active time or during the time duration indicated by drx-onDurationTimer 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.

*** Unchanged text is omitted ***

5.2.2.5 CSI reference resource definition
 
*** Unchanged text is omitted ***
 
When the UE is configured to monitor DCI format 2_6 and if the UE configured by higher layer parameter [PS_Periodic_L1-RSRP_TransmitOrNot] to report L1-RSRP or L1-SINR with the higher layer parameterreportConfigType set to ‘periodic’ and reportQuantity set to ‘cri-RSRP’ or ‘ssb-Index-RSRP’ or  ‘cri-SINR’  or ‘ssb-Index-SINR’ when drx-onDurationTimer is not started, the UE shall report L1-RSRP or L1-SINR during the time duration indicated by drx-onDurationTimer also outside active time according to the procedure described in clause 5.2.1.4 and when reportQuantity set to ‘cri-RSRP’ or ‘cri-SINR’  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 outside DRX active time or in DRX Active Time no later than CSI reference resource and drops the report otherwise.

*** Unchanged text is omitted ***

-----------------------------------------------------End of TP of 38.213-----------------------------------------------------------------

Secondary DRX group
RAN2 had discussed on the secondary DRX group for UE power saving and reached the following agreements as Rel-16 TEI in RAN2#108. The secondary DRX group is used for UE configured with CA, which contains carriers on both FR1 and FR2 cells. FR2 Cell has larger SCS than that of FR1 cell. The shorter drxInactivityTimer and OnDurationTimer can be configured for FR2 to enable the FR2 cells to go to sleep more quickly and thereby reduce power consumption. RAN2 had sent a LS below to RAN1[3]and asked the impact of RAN1 specification when secondary DRX is introduced. 
	[bookmark: _Hlk25217911]Conditional on R1 acceptance: 
A separate drx-InactivityTimer and drx-onDurationTimer can be configured for the secondary DRX group. R2 understands that this has zero or almost zero impact in R1 and R4
[bookmark: _Hlk25216465]The combination of cross-carrier scheduling and secondary DRX group is not supported
FFS if timers for FR2 DRX configuration are shorter than timers for FR1 DRX configuration.
The intention is to apply secondary DRX configuration to FR2 and existing DRX configuration to FR1 
RAN2 has the intention to introduce this enhancement under TEI16 and would like to check that this has zero or very little impacts to RAN1 and RAN4.
Actions:
To RAN1
ACTION: 	RAN2 respectfully asks RAN1 to confirm there is no RAN1 impact, or little impact that is acceptable.



The impact of secondary DRX group on RAN1 specification was heavily discussed in RAN1#100e. Secondary DRX group is introduced to achieve the power saving gain by allowing the cell with shorter drxOnDurationTimer and inactivityTimer transitioning from Active Time to DRX OFF earlier when there is no data reception and transmission.   However, the Active Time will extend as shown in Figure.2, if there is a data reception or transmission.


Figure 2: Two DRX group configurations with different active time

[bookmark: _GoBack]Secondary DRX has the potential impact to the UE power saving with DRX adaptation when UE is configured with both UE power saving with DRX adaptation and secondary DRX. For UE power saving with DRX adaptation, UE monitors DCI format 2_6 before DRX ON outside Active Time at the PCell or SpCell. Although the secondary DRX group is introduced targeting for SCell in the FR2 with shorter InactivityTimer and OnDurationTimer for fast sleep, UE might have data reception at the SCells and extended the Active time. The PCell finished the data reception and transition to outside Active Time and FR2 SCell is within Active Time. UE will not be able to send the P-CSI/L1-RSRP report on PUCCH at PCell when PCell is outside Active time. In particular, the missing information L1-RSRP for beam management would deteriorate dynamic beamforming performance of FR2 SCells. Although gNB could trigger aperiodic L1-RSRP report from PUSCH on cells in the secondary cell group, the reliability of the PUSCH transmission on secondary cell group might not be as good, in particular for the cells in FR2.    
If Active Time of secondary cells group further extends to overlap with the next PDCCH monitoring occasion for DCI format 2_6 at PCell, which had transition to DRX OFF, the UE behaviour and valid monitoring occasion need to be clarified when the PCell is outside Active Time and SCell is within Active Time.   
In addition, the HARQ-ACK feedback on PUCCH needs to be configured two PUCCHs with one for primary DRX group and the other for secondary DRX group. The PUCCH configured for the HARQ-ACK feedback in the secondary DRX group with large SCS would have Tx power limitation, in particular for cells in FR2. The performance and coverage impact of PUCCH carrying HARQ-ARQ on the secondary DRX group needs to investigate. The feature interaction between UE power saving with DRX adaptation and secondary DRX needs to be analyzed in detail.  
There are two alternatives to support second DRX group as follows,
Option 1: UE power saving with DRX adaption and second DRX group are mutually exclusive.
Option 2: Support of UE power saving with DRX adaptation and second DRX group.
For option 1, when secondary DRX is configured for FR2, DRX adaption will not be supported. UE follows legacy DRX operation when secondary DRX is configured.
For option 2, both UE adaptation to DRX and secondary DRX are configured at the same time for additional power saving gain. The additional power saving gain with the introducing of secondary DRX group has not be shown yet. The misalignment of the Active Time between primary and secondary DRX group would have some impacts on the UE channel state measurements and reports. The feature interaction between UE power saving with DRX adaptation and secondary DRX needs to be analyzed in detail.  

Proposal 4: The feature interaction between UE power saving with DRX adaptation and secondary DRX needs to be analyzed in detail with justification of the additional power saving gain before the support of both features in the same time..  
Proposal 5: If secondary DRX group is configured, the UE adaptation to DRX should be disabled in Rel-16.

Conclusion 
In this contribution, remaining details in the design of the PDCCH-based power saving signal/channel are discussed.  We have the following proposals, 
Proposal 1: Two values of minimum time gap for each SCS are proposed as: 
· 15kHz: {1,3} slots
· 30kHz: {1, 5} slots
· 60kHz: {2, 9} slots
· 120kHz: {4, 18} slots
Proposal 2: For each SearchSpace set, UE monitors DCI format 2_6 only in the 1st full “duration” of valid monitor occasion at or after the PS_offset, but before the DRX on-duration.
The related TP is provided as follows.
-----------------------------------------------------Start of TP to Section 10.3 of 38.213--------------------------------------------

10.3	PDCCH monitoring indication and dormancy/non-dormancy behaviour for SCells 
*** Unchanged text is omitted ***
-  an offset by ps-Offset indicating a time, where the UE starts monitoring PDCCH for detection of DCI format 2_6 according to the number of search space sets, prior to a slot where the drx-onDuarationTimer would start on the PCell or on the SpCell [11, TS 38.321]
	-  for each search space set, the PDCCH monitoring occasions are the ones in the first valid monitoring  slots indicated by duration, or  slot if duration is not provided, starting from the first slot of the first  slots and ending prior to the start of drx-onDurationTimer. 
*** Unchanged text is omitted ***
-----------------------------------------------------End of TP to Section 10.3 of 38.213--------------------------------------------

Proposal 3: Rel-16 L1-SINR could be considered to feedback indicated by the existing RRC parameter PS_Periodic_L1-RSRP_TransmitOrNot.
Following TP is proposed for report of L1-SINR.
-----------------------------------------------------Start of TP of 38.213------------------------------------------------------------------

5.1.6.1           CSI-RS reception procedure

*** Unchanged text is omitted ***

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-Periodic_CSI_TransmitOrNot]  to report CSI with the higher layer parameterreportConfigType set to ‘periodic’ when drx-onDurationTimer is not started, the most recent CSI measurement occasion occurs in DRX active time or during the time duration indicated by drx-onDurationTimer 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_Periodic_L1-RSRP_TransmitOrNot] to report L1-RSRP or L1-SINR with the higher layer parameterreportConfigType set to ‘periodic’ and reportQuantity set to cri-RSRP or cri-SINR when drx-onDurationTimer is not started, the most recent CSI measurement occasion occurs in DRX active time or during the time duration indicated by drx-onDurationTimer 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.

*** Unchanged text is omitted ***

5.2.2.5 CSI reference resource definition
 
*** Unchanged text is omitted ***
 
When the UE is configured to monitor DCI format 2_6 and if the UE configured by higher layer parameter [PS_Periodic_L1-RSRP_TransmitOrNot] to report L1-RSRP or L1-SINR with the higher layer parameterreportConfigType set to ‘periodic’ and reportQuantity set to ‘cri-RSRP’ or ‘ssb-Index-RSRP’ or ‘cri-SINR’  or ‘ssb-Index-SINR’ when drx-onDurationTimer is not started, the UE shall report L1-RSRP or L1-SINR during the time duration indicated by drx-onDurationTimer also outside active time according to the procedure described in clause 5.2.1.4 and when reportQuantity set to ‘cri-RSRP’ or ‘cri-SINR’  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 outside DRX active time or in DRX Active Time no later than CSI reference resource and drops the report otherwise.

*** Unchanged text is omitted ***

-----------------------------------------------------End of TP of 38.213-----------------------------------------------------------------

Proposal 4: The feature interaction between UE power saving with DRX adaptation and secondary DRX needs to be analyzed in detail with justification of the additional power saving gain before the support of both features in the same time.  
Proposal 5: If secondary DRX group is configured, the UE adaptation to DRX should be disabled in Rel-16.
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