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1 Introduction
In RAN1#100 e-meeting [1], the following were agreed:

Agreements:
· P-CSI and L1-RSRP reports are independently configured and to allow UE only to report periodic CSI apart from L1-RSRP.
Corresponding TP to TS 38.214 (subclauses 5.1.6.1, 5.2.2.5) in R1-2001248 is endorsed.
Agreements:
· PS_offset range from {0.125ms to 15 ms} for all SCS.
· The PS_offset resolution is 0.125 ms.

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
· 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 
Following updated TP (section 10.3 of TS 38.213) of the UE capability of minimum time gap X is endorsed.
------------------------------------------------ Begin of TP -----------------------------------------------------
· If a UE reports for an active DL BWP a requirement of X slots prior to the beginning of a slot where the UE would start the drx-onDurationTimer, the UE is not required to monitor PDCCH for detection of DCI format 2_6 during the X slots, where X corresponds to the requirement of the SCS of the active DL BWP.
------------------------------------------------ End of TP -----------------------------------------------------
Agreements:
RAN1 agreed to have additional invalid monitoring occasions of DCI format 2_6 colliding with BWP switching time and measurement gap with the following text proposal (section 10.3 of TS38.213)
------------------------------------------------ Begin of TP -----------------------------------------------------
If a UE is provided search space sets to monitor PDCCH for detection of DCI format 2_6 in the active DL BWP of the PCell or of the SpCell and the UE 
	- is not required to monitor PDCCH for detection of DCI format 2_6, as described in Clauses 10,and 11.1, 12, and Clause 5.7 of  [14, TS 38.321]for all corresponding PDCCH monitoring occasions outside Active Time prior to a next DRX cycle, or
	- does not have any PDCCH monitoring occasions for detection of DCI format 2_6 outside Active Time of a next DRX cycle
the UE shall start the bydrx-onDurationTimer for the next DRX cycle.
------------------------------------------------ End of TP -----------------------------------------------------

Conclusion:
No consensus on the change of “all” to “one or more” invalid monitoring occasions in 10.3 of TS38.213

This contribution discusses remaining issues for PDCCH-based power saving signal/channel.
2 Remaining issues for PDCCH-based power saving signal/channel
2.1 Minimum time gap for DCI format 2_6
Minimum time gap is used for determining the closest location closest position to detect DCI format 2_6 before DRX ON duration. UE should report its capability of minimum time gap in advance. For the benefit of flexibility, two UE capabilities of minimum time gap per SCS is supported. The exact values of the minimum time gaps are to be determined. 
The minimum time gap is the minimum processing time for UE to finish decoding DCI format 2_6 and switch from power saving state outside DRX Active Time to active state with regular PDCCH monitoring during Active Time. 
In our view, the values of minimum time gaps can be small. According to the discussion in RAN1#100 e-meeting, companies reached consensus that the minimum time gap is independent from any BWP switching delay. Thus a minimum time gap smaller than BWP switching delay is OK as long as UE can finish decoding DCI format 2_6 within the time gap. The transition time from monitoring DCI format 2_6 only to monitoring all the configured PDCCHs should be negligible. 
Give the above reasons, two UE capabilities of minimum time gap per SCS as shown in Table 1 can be considered, wherein a smaller value is associated with fast UE processing, and a larger value can be used for relaxation on DCI format 2_6 decoding and potential RF adaptation.  
Proposal #1: Support two UE capabilities of minimum time gap for each SCS with values determined by the Table below:

Table 1: Minimum Time Gap between the end of the slot of last monitoring occasion of wake-up signal and the first slot of next DRX ON duration
	[image: ]
	NR Slot length (ms)
	Minimum Time Gap TminimumTimeGap (slots)

	
	
	Type 1Note 1
	Type 2Note 1

	0
	1
	1
	2

	1
	0.5
	1
	4

	2
	0.25
	2
	8

	3
	0.125
	4
	16

	Note 1:	Depends on UE capability.




Except for wake-up indication, DCI format 2_6 can also be configured with dormancy indication. Thus, there is a need to consider the impact of dormancy/non-dormancy transition for determining the closest position to detect DCI format 2_6 before DRX ON duration when dormancy indication is configured.
According to the discussion from the previous e-meeting, three alternatives of UE behaviours when DCI format 2_6 is configured with SCell dormancy indication can be considered:
· Alt.1: the UE reported BWP switching delay value (either type1 or type2) shall be applied for determining the closest position for UE to detect format 2_6 before DRX ON. This is because dormancy/non-dormancy transition is similar to BWP switching operation.
· Alt.2: the UE reported minimum time gap value shall be applied for determining the closest position for UE to detect format 2_6 before DRX ON. UE follows the behavior of BWP switching in Rel-15 on SCells if dormancy behavior change is indicated.
· Alt. 3: both the UE reported minimum gap value and UE reported BWP switching delay value shall be applied for determining the closest position for UE to detect format 2_6 before DRX ON. 
For Alt1, additional time delays on DCI format 2_6 processing and transition from power saving mode to active mode, such as change of voltage, are not considered. There is some issue with Alt2 as well. When UE reports its capability of minimum time gap, UE is not aware of whether or not the UE is configured with dormancy indication for DCI format 2_6. And we already agreed to decouple the BWP switching delay from the minimum time gap reported by UE. If a UE is configured with the bitmap for dormancy indication for DCI format 2_6, it requires additional time gap for the potential dormant/non-dormant BWP switching. Therefore, it would be needed to consider larger time gap when dormancy indication is supported for DCI format 2_6. So, we support Alt3. 
Proposal #2: When DCI format 2_6 is configured to indicate dormancy/non-dormancy transition, the sum of UE reported minimum gap value and UE reported BWP switching delay value shall be applied for determining the closest position for UE to detect format 2_6 before DRX ON.

Proposed TP for TS 38.213 Section 10.3
	============================= Unchanged Text omitted =============================
If a UE reports for an active DL BWP a requirement of X slots prior to the beginning of a slot where the UE would start the drx-onDurationTimer, 
· if a UE is configured with the bitmap, the UE is not required to monitor PDCCH for detection of DCI format 2_6 during the X + Tbwp slots where, X corresponds to the requirement of SCS of the active DL BWP, and Tbwp is a delay required by the UE for an active DL BWP change [10, TS 38.133].
· otherwise, the UE is not required to monitor PDCCH for detection of DCI format 2_6 during the X slots, where X corresponds to the requirement of the SCS of the active DL BWP


2.2 Secondary DRX group 
In the LS from RAN2 [2], RAN2 had reached the agreements in support of secondary DRX group in Rel-16 TEI with the following agreements:
[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 
In RAN2#109 e-meeting [3], RAN2 made the following agreement:Agreement:
The issue of the coexistence of DRX groups and Power Saving features will be addressed together with the main discussion on DRX groups support, following RAN1 reply LS.


RAN1 should discuss the impact on wake-up indication based on DCI format 2_6 outside DRX Active Time when secondary DRX group is configured. 
A UE can be configured to monitor PDCCH for scheduling data transmission or reception in a cell either in FR1 or FR2. One potential issue of the coexistence of wake-up indication and secondary DRX group is whether or not the wake-up indication applies to all cells or some cells associated with one DRX group. From power saving perspective, the wake-up indication should control UE behavior for data reception or transmission in any cell. Therefore, we propose to support applying the wake-up indication to all configured cells regardless of the configuration of DRX group.
[bookmark: _GoBack]Proposal #3: Wake-up indication in DCI format 2_6 indicates whether or not to start drx-onDurationTimer associated with all configured DRX groups.
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FIGURE 1: Illustration of WUS monitoring with secondary DRX group

Another issue due to the configuration of secondary DRX group is UE behavior when a monitoring occasion of DCI format 2_6 is overlapped with extended Active Time from previous DRX cycle. According to current specification, UE skips the monitoring occasion when overlapping happens as UE doesn’t expect to monitor DCI format 2_6 within any Active Time. However, when a secondary DRX group is configured as illustrated in FIGURE 1, there are two drx-InActivitityTimer, and the extended Active Time can be associated with either the first drx-InactivityTimer from first DRX group or second drx-InactivityTimer1 from the secondary DRX group. 
At least the following two UE behaviors can be considered when a PDCCH monitoring occasion of DCI format 2_6 is overlapped with extended Active Time from previous DRX cycle when a secondary DRX group is supported:
· Alt. 1: UE doesn’t expect to monitor DCI format 2_6 during the extended Active Time corresponding to the drx-InActivitityTimer from primary cell;
· Alt. 2: UE doesn’t expect to monitor DCI format 2_6 during the extended Active Time corresponding to any drx-InActivitityTimer.
Given the fact that WUS is only configured on the PCell or on the SpCell, Alt 1 is better than Alt 2 for the benefit of simplicity. For Alt1, UE only needs to consider the configuration of DRX group associated with PCell or SpCell for skipping DCI format 2_6 decoding during any extended Active Time from previous DRX cycle.  
Proposal #4: UE doesn’t expect to monitor DCI format 2_6 during extended Active Time corresponding to the drx-InActivitityTimer from primary cell.

Proposed TP for TS 38.213 Section 10.3
	============================= Unchanged Text omitted =============================
The UE does not monitor PDCCH for detecting DCI format 2_6 during Active Time [11, TS 38.321]., where the Active Time corresponds to DRX group associated with the PCell or the SpCell.



Similar issue can be found in CSI reporting procedure. As illustrated in Figure 2, CSI reporting can be performed in a cell in the first DRX group and corresponding CSI can be measured in the other cell in the second DRX group. UE will report CSI within the Active Time of the first DRX group, and at this time, it can be outside of Active Time for the second DRX group. In this case, it should be clarified that which CSI measurement occasions are valid for the CSI reporting. By following the Rel-15 principle, it would be natural to consider that the CSI measurement occasions in Active Time of the second DRX group are valid (blue one) and the CSI measurement occasions in outside Active Time of the second DRX group are invalid (purple one). 



FIGURE 2: Illustration of CSI reporting with secondary DRX group

Proposal #5: If the UE is configured with two DRX groups, the most recent CSI measurement occasion occurs in DRX active time for each DRX group overlapped with the DRX active time for CSI to be reported.

Proposed TP for TS 38.214 Section 5.1.6.1
	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 parameter reportConfigType 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 with the higher layer parameter reportConfigType set to 'periodic' and reportQuantity set to cri-RSRP 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 with two DRX groups, for each DRX group, the most recent CSI measurement occasion occurs in DRX active time overlapped with the 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.



2.3 Periodic L1-CSI/L1-RSRP report
In the LS from RAN2 [4], the following two options are provided to configure ps-TransmitPeriodicCSI and ps-TransmitPeriodicL1-RSRP for supporting periodic L1-CSI/L1-RSRP reporting.
Option 1:
ps-TransmitPeriodicCSI = TRUE: Report all types of periodic CSI, including L1-RSRP (i.e. cri-RSRP and ssb-Index-RSRP)
ps-TransmitPeriodicL1-RSRP = TRUE: Only report L1-RSRP (i.e. cri-RSRP and ssb-Index-RSRP)
In this option, the two flags cannot both be set to TRUE and it is not possible to control the UE only to report periodic CSI apart from L1-RSRP.
Option 2:
ps-TransmitPeriodicCSI = TRUE: Report all types of periodic CSI apart from L1-RSRP (i.e. cri-RSRP and ssb-Index-RSRP)
ps-TransmitPeriodicL1-RSRP = TRUE: Only report L1-RSRP (i.e. cri-RSRP and ssb-Index-RSRP)
In this option, the two flags are independent and it is possible to control the UE only to report periodic CSI apart from L1-RSRP.
In our view, while both options can work from a higher layer perspective, Option 1 is better from a RAN1 point of view. For Option 1, periodic CSI report is generic and there is no additional RAN1 impact. For option 2, additional work is needed in RAN1 to support periodic CSI apart from L1-RSRP. For example, to clarify the report quantities associated with ps-TransmitPeriodicCSI. Unfortunately, RAN1 made a rash decision to support Option 2 in previous e-meeting. 
Therefore, at least the following two alternatives can be considered to clarify the periodic CSI apart from L1-RSRP when ps-TransmitPeriodicCSI is set to true:
· Alt1: CSI with the higher layer parameter reportQuantity not set to ‘cri-RSRP’ or ‘ssb-index-RSRP’
· Alt2: CSI report with higher layer parameter reportQuantity set to any of 'none‘, 'cri-RI-PMI-CQI ', 'cri-RI-i1', 'cri-RI-i1-CQI', 'cri-RI-CQI', 'cri-RI-LI-PMI-CQI'. 
For Alt1, the periodic CSI report is associated with all report quantities except RSRP related quantity. For Alt2, the associated report quantities are listed specifically. In our view, Alt1 is better than Alt2 for the benefit of forward compatibility. For any new CSI report quantity, for example, ‘cri-SINR’, it can be included in ps-TransmitPeriodicCSI directly. 
Proposal #6: Periodic CSI report associated with ps-TransmitPeriodicCSI includes all report quantities except ‘cri-RSRP’ and ‘ssb-index-RSRP’.

Proposed TP for TS 38.214 Section 5.1.6.1
	============================= Unchanged Text 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 parameter reportConfigType set to ‘periodic’ and reportQuantity not set to ‘cri-RSRP’ 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 with the higher layer parameter reportConfigType set to ‘periodic’ and reportQuantity set to cri-RSRP 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



Proposed TP for TS 38.214 Section 5.2.2.5
	============================= Unchanged Text omitted =============================
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 the UE is configured to monitor DCI format 2_6 and if the UE configured by higher layer parameter [PS-Periodic_CSI_TransmitOrNot] to report CSI with the higher layer parameter reportConfigType set to ‘periodic’ and reportQuantity not set to ‘cri-RSRP’ and ‘ssb-Index-RSRP’ when drx-onDurationTimer is not started, the UE shall report CSI during the time duration indicated by drx-onDurationTimer 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 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_Periodic_L1-RSRP_TransmitOrNot] to report L1-RSRP with the higher layer parameter reportConfigType set to ‘periodic’ and reportQuantity set to ‘cri-RSRP’ or ‘ssb-Index-RSRP’ when drx-onDurationTimer is not started, the UE shall report L1-RSRP 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’ 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.



3 Conclusion
This contribution discussed remaining issues for PDCCH-based power saving signal/channel and proposed TPs as described in Section 2.
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