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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 corresponding TPs are also provided.
 
[bookmark: _Ref16851749]Remaining issues on UE Power Saving 

[bookmark: _GoBack]RAR addressed to C-RNTI/CSI-RNTI
The issue of DCP and RAR collision was discussed in RAN1#101-e[1]. Companies agreed that RAR for BFR is more critical than that of DCP monitoring but no consensus on to standardize the solution prioritizing the RAR for BFR over DCP in all occasions. Although current priority rule in TS38.213 can provide RAR higher priority than DCP through gNB’s implementation, UE needs to detect and decode RAR for BFR addressed by different RNTI outside Active Time.  Then, the combination of the channels received simultaneously by UE in Clause 6.2 of TS38.202 needs to be updated.
When contention-free PRACH process is initiated for beam failure recovery purpose, there are opportunities of collision of the RAR addressed to C-RNTI/CSI-RNTI and DCI format 2_6 outside Active Time. Considering that RNTI set corresponding reception type D0 in Table 6.2.1 of TS38.202 is monitored by the UE performing contention-based PRACH procedure, there is no need to revise Table 6.2.1.

RAR addressed to C-RNTI/CSI-RNTI can be sent at type 2 CSS or type 3 CSS. If the CORESET associated with recoverySearchSpaceId has the different QCL-Type D properties as that of type 0/1 CSS, priority of PDCCH monitoring should also be discussed. SSB/SI/paging information is transmitted periodically, e.g., periodicity of 20ms for SSB/SI reception and with configuration of same size between DRX cycle and paging cycle. Compared with DCI format 2_6 with multiple MOs before DRX ON cycle, single MO is usually configured for each paging /SIB1 reception. RAR for BFR addressed to C-RNTI/CSI-RNTI is not necessary always prioritized over SSB/SI/paging information. gNB can configured multiple MOs in RAR window for search space set provided by recoverySearchSpaceId to address issue of collision between RAR and type 0/1 CSS. When collision of RAR and type 0/1 CSS occurs, gNB can schedule RAR addressed to C-RNTI/CSI-RNTI at other MOs. No specification change is needed.

SSB, type 0 CSS and type1 CSS (A+B+C0) have high priority over type 2/type3 CSS. C-RNTI/CSI-RNTI can be received outside Active Time. UE could not monitor and decode PDCCH simultaneously in search spaces corresponding to both contention-based and contention-free PRACH (D0 or D1). For PCell, SSB, SI, paging and RAR can be received simultaneously if their QCL-TypeD properties are the identical, i.e. A+B+C0 and (D0 or D1), otherwise SSB, SI and paging is received, i.e. A+B+C0 or (D0 or D1). For PScell, possible combinations of physical channels that can be received simultaneously is similar to that of PCell except SI and paging which cannot be mornitored in PScell as described in Clauses 10.1 of TS38.213.  
Proposal 1: TP to Clause 6.2  of TS 38.202 for the channel combination of DCP and PDCCH+PDSCH addressed by either RA-RNTI or C-RNTI
-----------------------------------------------------Start of TP of 38.202----------------------------------------------------------
[bookmark: _Toc11160637][bookmark: _Toc28959282]6.2	Downlink
The tables 6.2-1, 6.2-2 describe the possible combinations of physical channels that can be received simultaneously in the downlink by one UE. Table 6.2-1 introduces notation for a "Reception Type" which represents a physical channel and any associated transport channel. Table 6.2-2 describes the combinations of these "Reception Types" which are supported by the UE depending on capabilities [8, TS 38.306], and enumerates how many of each can be received simultaneously. The UE shall be able to receive all TBs according to the indication on PDCCH. Any subset of the combinations specified in table 6.2-2 is also supported.
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
	

	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) +  and/or [D0 or D1]) [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+ and/or [D0 or D1]) [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.



-----------------------------------------------------End of TP of 38.202---------------------------------------------------------------
                                                                                     

 Aggregation Level/ Blind Decoding number
 Multiple aggregation levels were designed for NR to allow gNB to schedule UEs in different coverage area in a given CORESET to accommodate for different channel qualities and reduce the CORESET resource overhead.  The UE-specific search space could adapt the AL for each UE based on the channel condition. For UE-common search space, the setting of the aggregation level is based on coverage or channel quality of the group of UEs. As DCI format 2_6 can support multiplexing of multiple UEs, CCE aggregation levels configured in common Search Space should be based on the worst case scenario, which UE has lowest  SINR within the group to meet the required  miss detection performance.  The channel quality for each UE is likely to be out-of-date for DCI format 2_6 when UEs in the group had been sleeping during long DRX OFF period. In particular, the periodicity of the PDDCH-based power saving signal/channel is much larger than that of PDCCH.  The need of all the aggregation levels in reducing the power saving signal/channel overhead is small. Even when “UE not wakeup” was configured by the higher layer in the case of failed detection of  DCI format 2_6 outside Active Time, it should be used as last resort to ensure reliability of WUS.   It is not a reason to relax the miss detection performance of power saving signal/channel. DCI format 2_6 should have higher reliability than PDCCH for data scheduling with target miss-detection rate at 10-3. Thus, the number of aggregation levels configured for the DCI format 2_6 should be minimized (e.g., 4, 8, 16) based on the deployment scenario and the operation point. 
In addition to AL level configuration, the number of candidates also needs to be properly configured to achieve tradeoff between scheduling flexibility and low power consumption of blind decoding. Considering two PDCCH candidates configured for DCI format 2_0, the following can be used for configuration of search space of DCI format 2_6
     dci-Format2-6 
SEQUENCE {
                                                                                     aggregationLevel4                       ENUMERATED {n1, n2}                         
                    aggregationLevel8                       ENUMERATED {n1, n2}                         
                    aggregationLevel16                      ENUMERATED {n1, n2}                         
                }
Proposal 2:  Only 4,8,16 can be configured as the number of aggregation levels each with at most two PDCCH candidates for the DCI format 2_6.  

[bookmark: OLE_LINK9][bookmark: OLE_LINK10]DCI size alignment

In RAN1#100-e, RAN1#100b-e and RAN1#101-e, whether the DCI budget for DCI format 2_6 is counted separately or count differently within and outside Active Time were heavily discussed but no consensus is reached. Common understanding on DCI size budget is that DCI size alignment is performed over all search spaces configured at a BWP and across all slots rather than on a slot-by-slot basis. When DCI size budget requirement cannot be satisfied within Active Time, DCI size alignment is needed for DCI format 2_6 outside Active Time.  
Evaluation is performed on DCI format 2_6 with and without DCI size alignment, as shown in Figure 1. In the simulation, assuming nominal DCI size=12bits for DCI format 2_6, actual DCI size=39 bits caused by DCI size alignment, we can see that DCI size alignment will degrade miss detection performance of DCI format 2_6 more than 2dB in AWGN channel. 
[image: ]
Figure1: Performance of DCP with/without DCI size alignment 
Observation1: DCI size alignment will degrade miss detection performance of DCI format 2_6 more than 2dB in AWGN channel for 12bits DCI size. 

Conclusion 
In this contribution, remaining details on power saving signal/channel are discussed.  We have the following observations and proposals, 

Observation1: DCI size alignment will degrade miss detection performance of DCI format 2_6 more than 2dB in AWGN channel for 12bits DCI size. 
Proposal 1: TP to Clause 6.2  of TS 38.202 for the channel combination of DCP and PDCCH+PDSCH addressed by either RA-RNTI or C-RNTI
-----------------------------------------------------Start of TP of 38.202----------------------------------------------------------
6.2	Downlink
The tables 6.2-1, 6.2-2 describe the possible combinations of physical channels that can be received simultaneously in the downlink by one UE. Table 6.2-1 introduces notation for a "Reception Type" which represents a physical channel and any associated transport channel. Table 6.2-2 describes the combinations of these "Reception Types" which are supported by the UE depending on capabilities [8, TS 38.306], and enumerates how many of each can be received simultaneously. The UE shall be able to receive all TBs according to the indication on PDCCH. Any subset of the combinations specified in table 6.2-2 is also supported.
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
	

	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) +  and/or [D0 or D1]) [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+ and/or [D0 or D1]) [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.



-----------------------------------------------------End of TP of 38.202---------------------------------------------------------------

Proposal 2:  Only 4,8,16 can be configured as the number of aggregation levels each with at most two PDCCH candidates for the DCI format 2_6.
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