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1	Introduction
In this contribution, we discuss about the open items related to monitoring of DCI format 2_6.
2	Discussion
[bookmark: _Hlk20753503]2.1	Monitoring of DCI 2_6 scrambled by PS-RNTI and other procedures outside active time
During RAN1#99 the following agreement was made:
	Agreements:
[bookmark: _Hlk30603149]UE follows legacy DRX operation when DCI format 3_0 monitoring occasion(s) is invalid or there are no DCI format 3_0 monitoring occasions outside Active Time.  
· FFS: Additional cases in addition to Rel-15 invalid PDCCH monitoring, 
· FFS: whether it is all monitoring occasions or some monitoring occasions 





In RAN1#100e the following agreement was made:
	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



Correspondingly following change was introduced to Secton in 38.213 for invalid monitoring occasions:
	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 in 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 startby the drx-onDurationTimer for the next DRX cycle.




There are still certain procedures that UE may trigger outside active time and the PDCCH monitoring related to those procedures may overlap with monitoring of PDCCH scrambled by PS-RNTI in time. Those are:
· Random access procedure for scheduling request due to lack of SR resources on active BWP
· Random access procedure due to beam failure recovery

In CFRA based BFR procedure when UE is monitoring for response, it will go to ActiveTime after it receives the response (PDCCH scrambled by C-RNTI) i.e. drx-InactiveTimer is triggered. Correspondingly in CBRA procedure for Connected Mode UE, the UE will be on ActiveTime upon reception of Msg4 (scrambled by C-RNTI). Hence, it is possible that monitoring occasions for PDCCH scrambled by PS-RNTI would collide for example monitoring of PDCCH with RA-RNTI when UE is outside the ActiveTime. If the UE is not able to monitor both simultaneously PDCCH scrambled by PS-RNTI and e.g. PDCCH with RA-RNTI due to different RX spatial filter, it would be simplest to assume that in case of such collision the UE will wake-up for the onDuration (i.e. start the drx-onDurationTimer). From RAN1 perspective the monitoring occasions of PS-RNTI that collide with for example the monitoring of RA-RNTI are considered invalid.
Proposal 1: If the monitoring occasions of DCI format 2_6 PS-RNTI collide with monitoring of RA-RNTI or  TC-RNTI in case of CBRA or monitoring C-RNTI in search space given recoverySearchSpaceId for CFRA based BFR, UE should assume the legacy DRX operation (i.e. start the following drx-onDurationTimer).
Proposal 2: Capture the following text proposal to Section 10.3 of 38.213 Section 10.3 that monitoring occasions of DCI format 2_6 overlapping with RA-RNTI or TC-RNTI monitoring or monitoring C-RNTI in search space given recoverySearchSpaceId with are invalid and UE should follow the legacy DRX operation, based on following text proposal:
	10.3	PDCCH monitoring indication and dormancy/non-dormancy behaviour for SCells
<Omitted text>
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, for all corresponding PDCCH monitoring occasions outside Active Time prior to a next DRX cycle, or 
-	the monitoring occasions of a PDCCH for detecting DCI format 2_6 overlaps in at least one symbol with a PDCCH the UE monitors in a Type1-PDCCH CSS set for RA-RNTI or TC-RNTI and the UE does not detect DCI format 2_6 in any remaining PDCCH monitoring occasions outside Active Time prior to a next DRX cycle, or,
-	the monitoring occasions of a PDCCH for detecting DCI format 2_6 overlaps in at least one symbol with monitoring of PDCCH candidates in a search space set provided by recoverySearchSpaceId for detection of a DCI format with CRC scrambled by C-RNTI or MCS-C-RNTI and the UE does not detect DCI format 2_6 in any remaining 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 by drx-onDurationTimer for the next DRX cycle.



 





2.2	Minimum processing delay for DCI format 2_6
Related to the configuration of the monitoring occasions for PDCCH with CRC scrambled by PS-RNTI, the following agreements were made in RAN1#99:
	[bookmark: _Hlk30598353]Agreements:
The minimum time gap between the end of the slot of last DCI format 3_0 monitoring occasion and the start of the DRX ON is a UE capability based on subcarrier spacing.
· The reporting is per SCS in units of slots of the respective SCS
· The reported value for a SCS is taken from two possible values per SCS
· The largest value of minimum time gap in UE capability is no more than the number of slots equal to [3]ms
· FFS impact of dormancy/non-dormancy transition 




During the RAN1#100e the following agreement was reached:
	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
· SCS 15kHz: {TBD, TBD} slots
· SCS 30kHz {TBD,  TBD} slots
· SCS 60kHz {TBD, TBD} slots
· SCS 120kHz {TBD, TBD} slots




In RAN1#99 the minimum gap between the monitoring of DCI format 2_6 and start of the onDurationTimer was agreed to be UE capability. It has been agreed to have two candidate values per SCS and the other value should be no higher than 3 ms. When considering the upper limit, the DCI based BWP switching delays, illustrated in Table 1 could be considered as a reference. Evidently the processing required for starting to monitor PDCCH based on indication on DCI 2_6 is not as demanding nor time consuming as could be assumed for BWP switch (e.g. change of BWP numerology, bandwidth and location). The minimum gap could determine or restrict the difference in terms of reduced processing assumed between DCI 2_6 monitoring and actual PDCCH monitoring for the onDurationTimer. Hence, it is assumed that the timer required to adapt the PDCCH processing or some other parameters would at least not take a long as required e.g. for BWP switch. To have reasonable targets for the switching delays, it is proposed that upper bound for the gap is set for different SCS to match the Type 2 BWP switching delay, while the lower limit could be set corresponding to the type 1 switching delay, as shown in Table 1.
[bookmark: _Ref30164467]Table 1. DCI based BWP switching delay
	µ
	Type 1 [slot] ([ms])
	Type 2 [slot] ([ms])

	0
	1 slot (1ms)
	3 slot (3ms)

	1
	2 slot (1ms)
	5 slot (2.5ms)

	2
	3 slot (0.75ms)
	9 slot (2.25ms)

	3
	6 slot (0.75ms)
	18 slot (2.25 ms)



Different values were debated in RAN1#100e, and to gain progress we propose to compromise following values.
Proposal 3: The capability values for minimum gap between DCI format 2_6 monitoring and onDurationTimer could be determined per SCS as 
· 15kHz: {1 or 3} slots
· 30kHz {2 or 5} slots
· 60kHz {3 or 9} slots
· 120kHz {6 or 18} slots 

2.3	CSI/L1-RSRP reporting related aspects
In LS [1] RAN2 asked for a clarification from RAN1 regarding the assumed logic behind the ps-TransmitPeriodicCSI and ps-TransmitPeriodicL1-RSRP flags as follows:
	The RAN1 LS (R1 -1913480) on CSI/SRS reporting has also been discussed in RAN2#109-e. RAN2 understands the intention to control L1-RSRP reporting separately when drx-onDurationTimer is not running due to DCP. There are two options to interpret the two flags for CSI/SRS reporting in RAN1 LS:
Option 1:
1. ps-TransmitPeriodicCSI = TRUE: Report all types of periodic CSI, including L1-RSRP (i.e. cri-RSRP and ssb-Index-RSRP)
2. ps-TransmitPeriodicL1-RSRP = TRUE: Only report L1-RSRP (i.e. cri-RSRP and ssb-Index-RSRP)
3. 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:
4. ps-TransmitPeriodicCSI = TRUE: Report all types of periodic CSI apart from L1-RSRP (i.e. cri-RSRP and ssb-Index-RSRP)
5. [bookmark: _Hlk36478690]ps-TransmitPeriodicL1-RSRP = TRUE: Only report L1-RSRP (i.e. cri-RSRP and ssb-Index-RSRP)
6. 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.




During the email discussions held in RAN1#100e following agreement was made:
	Agreement:
 P-CSI and L1-RSRP reports are independently configured and to allow UE only to report periodic CSI apart from L1-RSRP.



Hence it is proposed to provide response to RAN2 that RAN1 has agreed to interpretation provided in option 2 of RAN2 LS:-
Proposal 4: Reply to RAN2 that RAN1 has concluded that the option 2 given in LS [1] is the assumed behaviour.


2.4	Alignment of RAN1 and RAN2 specifications
RAN1 received an LS from RAN2 [1] regarding the split of the description for DCP (DCI format 2_6)  related UE behaviour between RAN2 specification (mainly 38.321) and RAN1 specification (mainly 38.213).
In the LS RAN2 writes as follows:
	MAC specification:
1. MAC specifies the start of drx-onDurationTimer and Active Time, including:
· MAC should start drx-onDurationTimer according to indication provided by PHY
· MAC should start drx-onDurationTimer in case DCP is overlapped with Active time, measurement gap and BWP switching period
· MAC should start drx-onDurationTimer in case ps-Wakeup is set to true and no DCP indication is received from PHY
PHY specification:
1. PHY specifies DCP monitoring, including:
· When to start the monitoring (ps_offset) and stop the monitoring (minimum gap based on UE capability)
· In case DCP is considered invalid from PHY perspective (scenarios FFS in RAN1), PHY should not monitor DCP and indicates to MAC to start the drx-onDurationTimer for the next DRX cycle
1. PHY indicates to MAC whether a received DCP indicates to start the drx-onDurationTimer for the next DRX cycle or not. 
1. PHY should not specify the start of drx-onDurationTimer and Active Time.




[bookmark: _Hlk16775446]Current version of RAN2 describes the start of the drx-onDurationTimer as follows:
	1>	if the Long DRX Cycle is used, and [(SFN × 10) + subframe number] modulo (drx-LongCycle) = drx-StartOffset:
2>	if DCP is configured for the active DL BWP:
3> if DCP indication associated with the current DRX Cycle received from lower layer indicated to start drx-onDurationTimer, as specified in TS 38.213 [6]; or
3> if all DCP occasion(s) in time domain, as specified in TS 38.213 [6], associated with the current DRX Cycle occurred in Active Time considering grants/assignments/DRX Command MAC CE/Long DRX Command MAC CE received and Scheduling Request sent until 4 ms prior to start of the last DCP occasion, or within BWP switching interruption length, or during a measurement gap; or
3> if ps-Wakeup is configured with value true and DCP indication associated with the current DRX Cycle has not been received from lower layers:
4>	start drx-onDurationTimer after drx-SlotOffset from the beginning of the subframe.
2>	else:
3>	start drx-onDurationTimer after drx-SlotOffset from the beginning of the subframe.




[bookmark: _GoBack]Hence, the start of the drx-onDurationTimer would be triggered by lower layer indication or lack of it (ps-Wakeup is configured with value true). The starting of drx-onDurationTimer is also described in Section 10.3 as follows: 
	[bookmark: _Toc29894868][bookmark: _Toc29899167][bookmark: _Toc29899585][bookmark: _Toc29917314]10.3	PDCCH monitoring indication and dormancy/non-dormancy behaviour for SCells
<text omitted>
-	a location in DCI format 2_6 of a Wake-up indication bit by PSPositionDCI2-6, where 
-	the UE may not start the drx-onDurationTimer for the next long DRX cycle when a value of the Wake-up indication bit is '0', and
-	the UE starts the drx-onDurationTimer for the next long DRX cycle when a value of the Wake-up indication bit is '1'
<text omitted>
[bookmark: _Hlk36470056]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 does not detect DCI format 2_6
-	if the UE is provided ps-WakeupOrNot, the UE is indicated by ps-WakeupOrNot whether the UE may not start or whether the UE shall start the drx-onDurationTimer for the next DRX cycle
-	if the UE is not provided ps-WakeupOrNot, the UE may not start Active Time indicated by drx-onDurationTimer for the next DRX cycle
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, 11.1, 12, and in 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 drx-onDurationTimer for the next DRX cycle.




In order to align with RAN2 specification the DCI format 2_6 description could be formulated so that the Wake-up bit related behaviour would result in an indication to higher layers. This would also need to account for the value configured for the ps-WakeupOrNot such that the right behaviour is achieved for each possible case when DCI format 2_6 is received;
· if ps-WakeupOrNot is configured to be true and Wake-up indication bit received in DCI format 2_6 is ’0’, UE should indicate the reception of DCP to higher layers, or 
· if ps-WakeupOrNot is configured to be true and Wake-up indication bit received in DCI format 2_6 is ’1’, UE should not indicate the reception of DCP to higher layers, or 
· if ps-WakeupOrNot is not configured or configured to be false and Wake-up indication bit received in DCI format 2_6 is ’0’, UE should not indicate the reception of DCP to higher layers, or
· if ps-WakeupOrNot is not configured or configured to be false and Wake-up indication bit received in DCI format 2_6 is ’1’, UE should indicate the reception of DCP to higher layers

When UE is configured with search space sets for monitoring PDCCH for DCI format 2_6, and DCI format 2_6 is not received;
· if ps-WakeupOrNot is configured to be true, UE should indicate reception of DCP to higher layers
· if ps-WakeupOrNot is not configured or configured to be false, UE should not indicate the reception of DCP to higher layers
 
To achieve afore described behaviour and remove the unnecessary references to drx-onDurationTimer, a change would need to be adopted is needed to 38.213;

	10.3	PDCCH monitoring indication and dormancy/non-dormancy behaviour for SCells
<text omitted>
-	a location in DCI format 2_6 of a Wake-up indication bit by PSPositionDCI2-6, where 
-	the UE may not start the drx-onDurationTimer for the next long DRX cycle when a value of the Wake-up indication bit is '0', and
-	the UE starts the drx-onDurationTimer for the next long DRX cycle when a value of the Wake-up indication bit is '1'
<text omitted>
If a UE detects DCI format 2_6
-	if the value of the Wake-up indication bit is '0' and the UE is provided ps-WakeupOrNot, the UE is indicated by ps-WakeupOrNot whether the UE sends indication to higher layers for the next DRX cycle
-	if the UE is not provided ps-WakeupOrNot, and value of the Wake-up indication bit is '1', the UE shall send an indication to higher layers for the next DRX cycle

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 does not detect DCI format 2_6
-	if the UE is provided ps-WakeupOrNot, the UE is indicated by ps-WakeupOrNot whether the UE sends indication to higher layers may not start or whether the UE shall start the drx-onDurationTimer for the next DRX cycle
-	if the UE is not provided ps-WakeupOrNot, the UE may not start Active Time indicated by drx-onDurationTimer for the next DRX cycle
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, 11.1, 12, and in 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 send the indication to higher layers start the drx-onDurationTimer for the next DRX cycle if the UE is not provided ps-WakeupOrNot or the ps-WakeupOrNot is set to false.




Proposal 5: Adopt following text proposal to Section 10.3 in 38.213 and provide feedback to RAN2:
	10.3	PDCCH monitoring indication and dormancy/non-dormancy behaviour for SCells
<text omitted>
-	a location in DCI format 2_6 of a Wake-up indication bit by PSPositionDCI2-6, where 
-	the UE may not start the drx-onDurationTimer for the next long DRX cycle when a value of the Wake-up indication bit is '0', and
-	the UE starts the drx-onDurationTimer for the next long DRX cycle when a value of the Wake-up indication bit is '1'
<text omitted>
If a UE detects DCI format 2_6
-	if the value of the Wake-up indication bit is '0' and the UE is provided ps-WakeupOrNot, the UE is indicated by ps-WakeupOrNot whether the UE sends indication to higher layers for the next DRX cycle
-	if the UE is not provided ps-WakeupOrNot, and value of the Wake-up indication bit is '1', the UE shall send an indication to higher layers for the next DRX cycle

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 does not detect DCI format 2_6
-	if the UE is provided ps-WakeupOrNot, the UE is indicated by ps-WakeupOrNot whether the UE sends indication to higher layers may not start or whether the UE shall start the drx-onDurationTimer for the next DRX cycle
-	if the UE is not provided ps-WakeupOrNot, the UE may not start Active Time indicated by drx-onDurationTimer for the next DRX cycle
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, 11.1, 12, and in 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 send the indication to higher layers start the drx-onDurationTimer for the next DRX cycle if the UE is not provided ps-WakeupOrNot or the ps-WakeupOrNot is set to false.



  
 
3	Conclusions
In this contribution we have discussed about PDCCH-based power saving channel design. 
In Section 2.1 we looked at the DCI format 2_6 monitoring occasions determination:
Proposal 1: If the monitoring occasions of DCI format 2_6 PS-RNTI collide with monitoring of RA-RNTI or  TC-RNTI in case of CBRA or monitoring C-RNTI in search space given recoverySearchSpaceId for CFRA based BFR, UE should assume the legacy DRX operation (i.e. start the following drx-onDurationTimer).
Proposal 2: Capture the following text proposal to Section 10.3 of 38.213 Section 10.3 that monitoring occasions of DCI format 2_6 overlapping with RA-RNTI or TC-RNTI monitoring or monitoring C-RNTI in search space given recoverySearchSpaceId with are invalid and UE should follow the legacy DRX operation, based on following text proposal:
	10.3	PDCCH monitoring indication and dormancy/non-dormancy behaviour for SCells
<Omitted text>
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, for all corresponding PDCCH monitoring occasions outside Active Time prior to a next DRX cycle, or 
-	the monitoring occasions of a PDCCH for detecting DCI format 2_6 overlaps in at least one symbol with a PDCCH the UE monitors in a Type1-PDCCH CSS set for RA-RNTI or TC-RNTI and the UE does not detect DCI format 2_6 in any remaining PDCCH monitoring occasions outside Active Time prior to a next DRX cycle, or,
-	the monitoring occasions of a PDCCH for detecting DCI format 2_6 overlaps in at least one symbol with monitoring of PDCCH candidates in a search space set provided by recoverySearchSpaceId for detection of a DCI format with CRC scrambled by C-RNTI or MCS-C-RNTI and the UE does not detect DCI format 2_6 in any remaining 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 by drx-onDurationTimer for the next DRX cycle.





On the processing delay, i.e. the minimum gap between onDurationTimer and DCI format 2_6 monitoring and Scell dormancy behaviour we propose in Section 2.4 as follows:-
Proposal 3: The capability values for minimum gap between DCI format 2_6 monitoring and onDurationTimer could be determined per SCS as 
· 15kHz: {1 or 3} slots
· 30kHz {2 or 5} slots
· 60kHz {3 or 9} slots
· 120kHz {6 or 18} slots 

In Section 2.3 we visit the RAN2 LS [1] question that was discussed and agreed during RAN1#100-e and propose to provide the information to RAN2:-
Proposal 4: Reply to RAN2 that RAN1 has concluded that the option 2 given in LS [1] is the assumed behaviour.

Finally in Section 2.4 we look at some aspects of aligning RAN2 and RAN1 specification text based on the RAN2 LS [1] in terms of onDurationTimer related behaviour:-
Proposal 5: Adopt following text proposal to Section 10.3 in 38.213 and provide feedback to RAN2:
	10.3	PDCCH monitoring indication and dormancy/non-dormancy behaviour for SCells
<text omitted>
-	a location in DCI format 2_6 of a Wake-up indication bit by PSPositionDCI2-6, where 
-	the UE may not start the drx-onDurationTimer for the next long DRX cycle when a value of the Wake-up indication bit is '0', and
-	the UE starts the drx-onDurationTimer for the next long DRX cycle when a value of the Wake-up indication bit is '1'
<text omitted>
If a UE detects DCI format 2_6
-	if the value of the Wake-up indication bit is '0' and the UE is provided ps-WakeupOrNot, the UE is indicated by ps-WakeupOrNot whether the UE sends indication to higher layers for the next DRX cycle
-	if the UE is not provided ps-WakeupOrNot, and value of the Wake-up indication bit is '1', the UE shall send an indication to higher layers for the next DRX cycle

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 does not detect DCI format 2_6
-	if the UE is provided ps-WakeupOrNot, the UE is indicated by ps-WakeupOrNot whether the UE sends indication to higher layers may not start or whether the UE shall start the drx-onDurationTimer for the next DRX cycle
-	if the UE is not provided ps-WakeupOrNot, the UE may not start Active Time indicated by drx-onDurationTimer for the next DRX cycle
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, 11.1, 12, and in 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 send the indication to higher layers start the drx-onDurationTimer for the next DRX cycle if the UE is not provided ps-WakeupOrNot or the ps-WakeupOrNot is set to false.
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