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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	Simultaneously received physical channels 
During RAN1 meeting #101-e it was raised that the downlink “reception type” combinations given in Table 6.2-2 in 38.202 are incomplete in case of C-DRX operation. 
The current formulation of Table 6.2-2 of the “Reception Type” combinations excludes the case of C-RNTI monitoring when PDCCH with PS-RNTI is to be monitored (N). As described in MAC specification (TS38.321) and physical layer procedures (TS38.213), UE may be required to monitor also C-RNTI (or MCS-C-RNTI) outside the active time. In CFRA based BFR procedure when UE is monitoring for response, it will go to Active Time 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).
Observation 1: Based on MAC specification procedures UE may need to monitor C-RNTI (and MCS-RNTI) also outside active time. 
Hence, in order to align 38.202 with MAC specification a change would be needed. Simples approach would be to adjust the related combination in Table 6.2-2 so that D1 is added. However, “Reception Type” D1 in Table 6.2-1 (in 38.202) includes also CS-RNTI, and in our understanding UE is not required to monitor CS-RNTI outside active time. Therefore, adding just D1 to the “Reception Type” combination could be seen somewhat misleading. There are two approaches to address this, either introduce new “Reception Type” D1a, without CS-RNTI, or introduce a note to Table 6.2-2 in respective of CS-RNTI outside active time.
Proposal 1: Adopt following to Section 6.2 of 38.202
	<Text omitted >
Table 6.2-1: Downlink "Reception Types"
	"Reception Type"
	Physical Channel(s)
	Monitored
RNTI
	Associated
Transport Channel
	Comment

	A
	PBCH
	N/A
	BCH
	

	B
	PDCCH+PDSCH
	SI-RNTI
	DL-SCH
	Note 1

	C0
	PDCCH
	P-RNTI
	N/A
	Note 1, Note 2

	C1
	PDCCH+PDSCH
	P-RNTI
	PCH
	Note 1

	D0
	PDCCH+PDSCH
	RA-RNTI or Temporary C-RNTI or  MsgB-RNTI
	DL-SCH
	Note 3

	D1
	PDCCH+PDSCH
	C-RNTI, CS-RNTI, MCS-C-RNTI
	DL-SCH
	

	D1a
	PDCCH+PDSCH
	C-RNTI, MCS-C-RNTI
	DL-SCH
	

	D2
	PDCCH
	C-RNTI, CS-RNTI, MCS-C-RNTI
	DL-SCH
	

	E
	PDCCH
	C-RNTI
	N/A
	Note 4

	F0
	PDCCH
	Temporary C-RNTI
	UL-SCH
	Note 3

	F1
	PDCCH
	C-RNTI, CS-RNTI, MCS-C-RNTI
	UL-SCH
	

	G
	PDCCH
	SFI-RNTI 
	N/A
	

	H
	PDCCH
	INT-RNTI 
	N/A
	

	J0
	PDCCH
	TPC-PUSCH-RNTI
	N/A
	

	J1
	PDCCH
	TPC-PUCCH-RNTI
	N/A
	

	J2
	PDCCH
	TPC-SRS-RNTI
	N/A
	

	K
	PDCCH
	SP-CSI-RNTI
	N/A
	

	L0
	PDCCH
	SL-RNTI
	SL-SCH
	

	L1
	PDCCH
	SLCS-RNTI
	SL-SCH
	

	M
	PDCCH
	SL Semi-Persistent Scheduling V-RNTI
	SL-SCH
	Note 5

	N
	PDCCH
	PS-RNTI
	N/A
	

	O
	PDCCH
	AI-RNTI
	N/A
	

	Note 1:	These are received from PCell only.
Note 2:	In some cases UE is only required to monitor the short message within the DCI for P-RNTI.
Note 3:	These are received from PCell or PSCell.
Note 4:	This corresponds to PDCCH-ordered PRACH. 
Note 5:	This corresponds to PDCCH scheduling LTE PC5.



Table 6.2-2: Downlink "Reception Type" combinations
	Supported Combinations 
	Comment

	PCell
	PSCell
	SCell
	

	1. RRC_IDLE

	A + (B and/or C1 and/or D0) + F0
	
	
	Note 1

	2. RRC_INACTIVE

	A + (B and/or C1 and/or D0) + F0
	
	
	Note 1

	3. RRC_CONNECTED

	(A + C0 + (B and/or (D0 or (m1*D1+m2*D2))) + E + F0 + n*F1 + G + H + J0 + J1 + J2 + K + O + [L0 + L1 + M]) or ((A+B+C0+[D0 or D1a]) [and/or] N) 
	(A + (D0 or (m1*D1+m2*D2)) + E + F0 + n*F1 + G + H + J0 + J1 + J2 + K + O + [L0 + L1 + M]) or ((A+B+C0+[D0 or D1a]) [and/or] N)
	m1*D1 + m2*D2 + E + n*F1 + G + H 
+ J0 + J1 + J2 + K + O + [L0 + L1 + M]
	Note 2, Note 3, Note 4, Note 5, Note 6, Note 7, Note 8

	Note 1:	UE is not required to decode more than two PDSCH simultaneously, and decoding prioritization when more than two are received is up to UE implementation.
Note 2:	For PCell, UE is not required to decode SI-RNTI PDSCH simultaneously with C-RNTI PDSCH, unless in FR1.
Note 3:	Supported combinations are subject to UE capabilities for dual connectivity, carrier aggregation, receiving of group TPC commands, pre-emption indication and dynamic SFI monitoring.
Note 4:	The values of m2 ≥ 0 and n≥ 0 in the supported combinations are subject to the UE capability. 
Note 5:	Support of monitoring PDCCH with SL-RNTI, SLCS-RNTI, SL Semi-Persistent Scheduling V-RNTI are subject to UE capability. 
Note 6:	The values of m1 ≥ 1 in the supported combinations are subject to the UE capability. 
Note 7:	In Active time, a UE is not expected to monitor the DCI format for the PDCCH scrambled by PS-RNTI.
Note 8:	The PDCCH scrambled by PS-RNTI can only be configured on the PCell and PSCell.








2.2	MAC and PHY specification alignment
RAN2 send a LS to RAN1 in [3] addressing the possible overlap in between the specifications. 
As per RAN2, the RAN2 specification already covers the UE behaviour related to cases when the DCP monitoring occasions overlap with active time, BWP switching interruption or measurement gap, as follows:
	1>	if the Long DRX Cycle is used, and [(SFN × 10) + subframe number] modulo (drx-LongCycle) = drx-StartOffset:
2>	if DCP monitoring is configured for the active DL BWP as specified in TS 38.213 [6], clause 10.3:
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:
[bookmark: _Hlk47446166]4>	start drx-onDurationTimer after drx-SlotOffset from the beginning of the subframe.



 
Current RAN1 specification captures following UE behaviour as follows:
	[bookmark: _Hlk47444225]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 [11, TS 38.321] for all corresponding PDCCH monitoring occasions outside Active Time prior to a next long DRX cycle, or 
-	does not have any PDCCH monitoring occasions for detection of DCI format 2_6 outside Active Time of a next long DRX cycle
[bookmark: _Hlk39666961]the physical layer of the UE reports a value of 1 for the Wake-up indication bit to higher layers for the next long DRX cycle.




As discussed earlier the basic split between RAN2 specification and RAN1 specification in context of DCP should be that MAC specification determines UE behaviour e.g. in terms of starting the drx-onDurationTimer and PHY specification determines the monitoring behaviour. As RAN2 specification accounts in context of drx-onDurationTimer behaviour already the cases when the DCP falls e.g. to BWP switching, there is no need to refer to RAN2 specification for determining whether UE should monitor DCI format 2 or not. Hence the text proposed by RAN2 (reference to 38.213) could be removed.
Observation 2: Text “, and in Clause 5.7 of [11, TS 38.321]” is unnecessary in PHY specification.
Proposal 2: Adopt following test proposal to 38.213 Section 10.3:
	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,and 12, and in Clause 5.7 of [11, TS 38.321] for all corresponding PDCCH monitoring occasions outside Active Time prior to a next long DRX cycle, or 
-	does not have any PDCCH monitoring occasions for detection of DCI format 2_6 outside Active Time of a next long DRX cycle
the physical layer of the UE reports a value of 1 for the Wake-up indication bit to higher layers for the next long DRX cycle.





In addition, when looking the PHY specification and MAC specification in combination, it is evident that there is still further overlap in behaviour:
· in PHY specification; whenever all DCI format 2 monitoring occasions overlap with e.g. BWP switch (as per Clause 12) or fall on Active time, UE shall indicate value 1 for the Wake-up indication bit to higher layers
· in MAC specification; whenever all DCP occasions “occur within BWP switching interruption length” or “occurred in Active Time”, UE shall start drx-onDurationTimer

Thus, there appears to be some duplication in terms of UE behaviour. This is not in strictly against the split envisioned in RAN2 LS [4] received in RAN1#100bis-e:
	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
2. PHY indicates to MAC whether a received DCP indicates to start the drx-onDurationTimer for the next DRX cycle or not. 
3. PHY should not specify the start of drx-onDurationTimer and Active Time.



 
There is no contradiction in terms of behaviour/outcome in terms of specifications either thus it would not seem absolute necessary to adjust either specification. If some further alignment is seen necessary, it could be considered to have DCI format 2 monitoring occasion invalidation for overlapping cases, without any wake-up indication behaviour (with drx-onDurationTimer governed by MAC) and maintain the monitoring occasion invalidation together with wake-up indication bit setting for the remaining cases.
Observation 3: There appears to be some additional overlap in RAN1 and RAN2 specifications in terms of UE behaviour, but no contradiction in terms of expected outcome/UE behaviour.


3	Conclusions
In this contribution we have discussed about remaining open items on Rel-16 NR UE power saving. 
On downlink “reception type” combinations we made following observations and proposals:
Observation 1: Based on MAC specification procedures UE may need to monitor C-RNTI (and MCS-RNTI) also outside active time. 
Proposal 1: Adopt following to Section 6.2 of 38.202
	<Text omitted >
Table 6.2-1: Downlink "Reception Types"
	"Reception Type"
	Physical Channel(s)
	Monitored
RNTI
	Associated
Transport Channel
	Comment

	A
	PBCH
	N/A
	BCH
	

	B
	PDCCH+PDSCH
	SI-RNTI
	DL-SCH
	Note 1

	C0
	PDCCH
	P-RNTI
	N/A
	Note 1, Note 2

	C1
	PDCCH+PDSCH
	P-RNTI
	PCH
	Note 1

	D0
	PDCCH+PDSCH
	RA-RNTI or Temporary C-RNTI or  MsgB-RNTI
	DL-SCH
	Note 3

	D1
	PDCCH+PDSCH
	C-RNTI, CS-RNTI, MCS-C-RNTI
	DL-SCH
	

	D1a
	PDCCH+PDSCH
	C-RNTI, MCS-C-RNTI
	DL-SCH
	

	D2
	PDCCH
	C-RNTI, CS-RNTI, MCS-C-RNTI
	DL-SCH
	

	E
	PDCCH
	C-RNTI
	N/A
	Note 4

	F0
	PDCCH
	Temporary C-RNTI
	UL-SCH
	Note 3

	F1
	PDCCH
	C-RNTI, CS-RNTI, MCS-C-RNTI
	UL-SCH
	

	G
	PDCCH
	SFI-RNTI 
	N/A
	

	H
	PDCCH
	INT-RNTI 
	N/A
	

	J0
	PDCCH
	TPC-PUSCH-RNTI
	N/A
	

	J1
	PDCCH
	TPC-PUCCH-RNTI
	N/A
	

	J2
	PDCCH
	TPC-SRS-RNTI
	N/A
	

	K
	PDCCH
	SP-CSI-RNTI
	N/A
	

	L0
	PDCCH
	SL-RNTI
	SL-SCH
	

	L1
	PDCCH
	SLCS-RNTI
	SL-SCH
	

	M
	PDCCH
	SL Semi-Persistent Scheduling V-RNTI
	SL-SCH
	Note 5

	N
	PDCCH
	PS-RNTI
	N/A
	

	O
	PDCCH
	AI-RNTI
	N/A
	

	Note 1:	These are received from PCell only.
Note 2:	In some cases UE is only required to monitor the short message within the DCI for P-RNTI.
Note 3:	These are received from PCell or PSCell.
Note 4:	This corresponds to PDCCH-ordered PRACH. 
Note 5:	This corresponds to PDCCH scheduling LTE PC5.



Table 6.2-2: Downlink "Reception Type" combinations
	Supported Combinations 
	Comment

	PCell
	PSCell
	SCell
	

	1. RRC_IDLE

	A + (B and/or C1 and/or D0) + F0
	
	
	Note 1

	2. RRC_INACTIVE

	A + (B and/or C1 and/or D0) + F0
	
	
	Note 1

	3. RRC_CONNECTED

	(A + C0 + (B and/or (D0 or (m1*D1+m2*D2))) + E + F0 + n*F1 + G + H + J0 + J1 + J2 + K + O + [L0 + L1 + M]) or ((A+B+C0+[D0 or D1a]) [and/or] N) 
	(A + (D0 or (m1*D1+m2*D2)) + E + F0 + n*F1 + G + H + J0 + J1 + J2 + K + O + [L0 + L1 + M]) or ((A+B+C0+[D0 or D1a]) [and/or] N)
	m1*D1 + m2*D2 + E + n*F1 + G + H 
+ J0 + J1 + J2 + K + O + [L0 + L1 + M]
	Note 2, Note 3, Note 4, Note 5, Note 6, Note 7, Note 8

	Note 1:	UE is not required to decode more than two PDSCH simultaneously, and decoding prioritization when more than two are received is up to UE implementation.
Note 2:	For PCell, UE is not required to decode SI-RNTI PDSCH simultaneously with C-RNTI PDSCH, unless in FR1.
Note 3:	Supported combinations are subject to UE capabilities for dual connectivity, carrier aggregation, receiving of group TPC commands, pre-emption indication and dynamic SFI monitoring.
Note 4:	The values of m2 ≥ 0 and n≥ 0 in the supported combinations are subject to the UE capability. 
Note 5:	Support of monitoring PDCCH with SL-RNTI, SLCS-RNTI, SL Semi-Persistent Scheduling V-RNTI are subject to UE capability. 
Note 6:	The values of m1 ≥ 1 in the supported combinations are subject to the UE capability. 
Note 7:	In Active time, a UE is not expected to monitor the DCI format for the PDCCH scrambled by PS-RNTI.
Note 8:	The PDCCH scrambled by PS-RNTI can only be configured on the PCell and PSCell.







Based on RAN2 LS we discussed the MAC-PHY alignment in Section 2.2, and made following observations and proposals:- 
Observation 2: Text “, and in Clause 5.7 of [11, TS 38.321]” is unnecessary in PHY specification.
Proposal 2: Adopt following test proposal to 38.213 Section 10.3:
	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,and 12, and in Clause 5.7 of [11, TS 38.321] for all corresponding PDCCH monitoring occasions outside Active Time prior to a next long DRX cycle, or 
-	does not have any PDCCH monitoring occasions for detection of DCI format 2_6 outside Active Time of a next long DRX cycle
the physical layer of the UE reports a value of 1 for the Wake-up indication bit to higher layers for the next long DRX cycle.




Observation 3: there appears to be some additional overlap in RAN1 and RAN2 specifications in terms of UE behaviour, but no contradiction in terms of expected outcome/UE behaviour.
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