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1	Introduction
In RAN#83, a new WI on UE power savings for NR was agreed with the objectives as highlighted below for cross-slot scheduling power saving techniques.
1. Specify power saving techniques with UE adaptation with focus in RRC_CONNECTED mode [RAN1, RAN4] 
0. Specify the power saving techniques with power saving signal/channel 
0. Specify the PDCCH-based power saving signal/channel triggering UE adaptation in RRC_CONNECTED
0. Note: this objective shall not duplicate DRX operation and impact to DRX is studied at RAN2
0. Note: Any change of PDCCH channel coding and payload interleaver is not in the scope
0. Specify the procedure of cross-slot scheduling power saving techniques  
1. Note: The procedure is in addition to Rel-15 cross-slot scheduling procedure

[bookmark: _Ref178064866]2	Discussion
2.1 Dynamic adaptation on cross-slot scheduling
Following was agreed in RAN1#96bis.
Agreements:
· For an active DL and an active UL BWP, a UE can be indicated via signalling(s) from gNB to adapt the minimum applicable value(s) of K0, K2 and/or aperiodic CSI-RS triggering offset (with/without QCL_typeD configured) where the signalling type is to be down-selected from:
· Alt 1: MAC-CE based
· Alt 2: L1 based
· FFS: How to determine the minimum applicable value if explicit value is not provided.

Agreements:
Possible candidate indication methods to adapt the minimum applicable value of K0 (or K2) for an active DL (or UL) BWP, where the indication method is to be selected from:
· Alt 1: Indication of a subset of TDRA entries, e.g., bit-map based indication
· Alt 2: Indication of one active table from multiple configured TDRA tables
· Alt 3: Indication of the minimum applicable value
· Note: Other option is not precluded
Note: PDCCH monitoring case 1-1 is prioritized for the design. 
FFS: Whether and how the minimum applicable K0 (or K2) value of the active DL (or UL) BWP is also applied to cross-BWP scheduling 

Agreements:
Possible candidate indication methods to adapt the minimum applicable value of the aperiodic CSI-RS triggering offset for an active DL BWP, where the indication method is to be selected from: 
· Alt 1: Implicit indication by defining the minimum applicable value the same as the minimum applicable K0 value when indicated
· Alt 2: Indication of the minimum applicable value 
· Note: Other option is not precluded
Note: PDCCH monitoring case 1-1 is prioritized for the design. 

A simple way to enable faster adaptation is to configure multiple (e.g. two) TDRA tables. Using two tables for PDSCH for example, one table (Table 1) with a minimum k0 greater than X and another table (Table 2) with no restriction on minimum k0 value (e.g. can be 0) can be used. Then, the power savings can be achieved by indicating the UE to use Table 1 for power savings using cross-slot scheduling techniques and switch to use Table 2 for regular scheduling.
Another way to implement the dynamic adaptation between cross-slot scheduling and regular scheduling is by using single TDRA table, in which the TDRA entries could have subset of entries with minimum k0 > X and another subset of entries with no restriction on min k0 value and dynamically indicating the minimum applicable value separately. This approach while feasible, will reduce the possible values of the schedulable TDRAs, especially given the maximum number of TDRA entries cannot exceed 16. This can decrease scheduling flexibility and would need introduction of  a longer TDRA list to ensure the NW still has the same flexibility as previously allowed. This, however, adds extra effort in the standardization. Considering this, the multiple table approach is preferable.
1. [bookmark: _Toc535000888][bookmark: _Toc7809699][bookmark: _Hlk534921089]For switching between cross-slot scheduling and regular scheduling (i.e. without cross-slot restriction), allow configuration of multiple TDRA tables in pdsch-Config. 
0. [bookmark: _Toc7809700]first pdsch-TimeDomainAllocationList provided in pdsch-Config with no restriction on minimum k0
0. [bookmark: _Toc7809701]second pdsch-TimeDomainAllocationList provided in pdsch-Config with a minimum k0 >X
The procedure in switching the UE from cross-slot scheduling can be done by the L1-based or the MAC-CE based signalling. MAC-CE based switching can be relatively slower compared to a more faster L1 based mechanism. 
L1-based switching from cross-slot scheduling to the same-slot scheduling can be done implicitly by observing the PDCCH status, i.e. once a scheduling PDCCH is detected, the UE can switch to same-slot scheduling. Considering missed PDCCH assignments,  the switch should be applicable after the UE sends a feedback for the first PDSCH received by the UE – this allows both gNB and UE to be on the same page with respect to scheduling mode. Additionally, the NW can use common TDRA entries to ensure robust switching. 
Switching the UE back from same-slot scheduling to the cross-slot scheduling can be done by utilizing a timer, e.g. a timer that can be (re)started each time the UE receives the scheduling PDCCH. Several consecutive slots after the UE does not receive the scheduling PDCCH, the UE can switch back to the cross-slot scheduling mode. While a more explicit switching indication through DCI can be done to improve the flexibility, it will require an extra bit in the DCI, but it is preferable if the switching could be achieved without introducing a new field in the DCI size. 
1. [bookmark: _Toc7809702]Triggering between the cross-slot slot scheduling and the same-slot scheduling is conducted based on L1 signalling (e.g. PDSCH reception for the cross-slot to same-slot scheduling, and a timer for switching from same-slot to cross-slot scheduling).
2.2 Minimum applicable offset values
Another important factor to be considered in the cross-slot scheduling mechanism in the allowed minimum value of k0 (and k2, aperiodicTriggeringOffset). As shown in evaluations during the SI, most power savings gain with cross-slot scheduling are achieved with the smallest minimum offset value i.e. k0 = 1. Furthermore, if NW configures the UE to monitor PDCCH in every slot, minimum offset value of k0 = 1 is a very suitable and applicable offset value. 
Additionally, there is some parallels between k0 and aperiodic  triggering offset as both corresponding to minimum separation between end of PDCCH and start of a DL reception. Thus, the minimum k0 value can also be applicable for the triggering offset. Regarding, the specific value of minimum k0, there are four potential alternatives : 
•	Alt 1 : Minimum k0  = 1 which is enough for power savings as per the model used in the SI.
•	Alt 2 : One minimum k0 value per SCS required for power savings is specified.
•	Alt 3 : A limited number of minimum k0 value(s) per SCS required for power savings are specified e.g. two per SCS and indicated via UE capability. 
•	Alt 4: No restriction i.e. UE can indicate any value via UE capability signaling. 
Our preference is Alt 1, though we can consider Alt 2 e.g. in case there are other considerations e.g. for higher SCS, in which case sending a LS to RAN4 to determine the k0 values for power savings would be a good approach.  Similarly, the minimum applicable value for k2 can also be used for allowing the minimum scheduling gap between PDCCH and the aperiodic SRS. 
1. [bookmark: _Toc7809703]For cross-slot scheduling power savings, RAN1 should agree on 
2. [bookmark: _Toc7809704]applicable minimum value k0 for downlink (also applicable for aperiodic CSI triggering offset)
2. [bookmark: _Toc7809705]applicable minimum value k2 for uplink (can also be applicable for aperiodic SRS)
[bookmark: _GoBack]2.3 Cross-slot scheduling and search spaces/RNTI
When the default TDRA tables are used (mainly for RMSI), the cross-slot scheduling may not be possible. For another common messages, NW can configure TDRA table in PDSCH-ConfigCommon, in which it can use cross-slot scheduling. It should be noted, however, in a connected mode, the UE typically will only acquire SI through PDSCH after receiving an SI change indication through paging PDCCH. In addition, UE also needs to monitor RAR response only during RACH procedures. Thus, for these common messages, power savings gains through cross-slot scheduling may not be significant. 
Furthermore, the PDCCH transmission based on the C-RNTI, CS-RNTI, and MCS-RNTI can be considered together since the MCS-C-RNTI can be used by normal EMBB traffic as well and is not tied to URLLC traffic only. If the UE is expected to support both EMBB and URLLC traffic, then such a UE would not be scheduled with cross-scheduling mode which increases delay at the cost of increased power savings. Considering this, we think the cross-slot scheduling should be enabled for UE-specifically configured TDRA tables. The procedure for cross-slot scheduling based power saving may not be needed at least for the following cases:
Table 1. Scenarios where the cross-slot scheduling for power saving are not applied.
	Downlink
	Uplink

	RNTI
	PDCCH Search Space
	RNTI
	PDCCH Search Space

	C-RNTI, CS-RNTI, MCS-C-RNTI
	Any common search space associated with CORESET 0
	C-RNTI, TC-RNTI, CS-RNTI, MCS-C-RNTI
	Any common search space associated with CORESET 0

	SI-RNTI
	Type0/0A common
	PUSCH scheduled by MAC RAR as described in subclause 8.2 of TS 38.213

	RA-RNTI, TC-RNTI
	Type1 common
	




1. [bookmark: _Toc7809706]The adaptation on the minimum applicable value of K0 or K2 does not apply to the cases listed in Table 1. 

For cross-carrier scheduling, the ongoing MR-DC WI is handling cross-carrier scheduling with mixed numerologies, including the minimum scheduling offset to reduce PDCCH buffering by allowing a gap between end of PDCCH on CC1 and start of corresponding PDSCH on CC2 (scheduled by the PDCCH on CC1). Given the scheduling offset already considers and reduces the PDSCH buffering delay, the motivation to enhance it further again in cross-slot scheduling based power savings is not very clear.
[bookmark: _Toc534988066][bookmark: _Toc534988145][bookmark: _Toc534988475][bookmark: _Toc534989075][bookmark: _Toc534989150][bookmark: _Toc534989384][bookmark: _Toc534989632][bookmark: _Toc534988067][bookmark: _Toc534988146][bookmark: _Toc534988476][bookmark: _Toc534989076][bookmark: _Toc534989151][bookmark: _Toc534989385][bookmark: _Toc534989633][bookmark: _Toc534988068][bookmark: _Toc534988147][bookmark: _Toc534988477][bookmark: _Toc534989077][bookmark: _Toc534989152][bookmark: _Toc534989386][bookmark: _Toc534989634][bookmark: _Toc534988069][bookmark: _Toc534988148][bookmark: _Toc534988478][bookmark: _Toc534989078][bookmark: _Toc534989153][bookmark: _Toc534989387][bookmark: _Toc534989635][bookmark: _Toc534988149][bookmark: _Toc534988479][bookmark: _Toc534989079][bookmark: _Toc534989154][bookmark: _Toc534989388][bookmark: _Toc534989636][bookmark: _Toc534885386][bookmark: _Toc534887576][bookmark: _Toc534887950][bookmark: _Toc534891179][bookmark: _Toc534891955][bookmark: _Toc534885393][bookmark: _Toc534887583][bookmark: _Toc534887958][bookmark: _Toc534891030][bookmark: _Toc534891190][bookmark: _Toc534891213][bookmark: _Toc534891252][bookmark: _Toc534891270][bookmark: _Toc534891330][bookmark: _Toc534891442][bookmark: _Toc534891703][bookmark: _Toc534891726][bookmark: _Toc534891785][bookmark: _Toc534891965]
Conclusion
In section 2, the following observations and proposals were made: 

Proposal 1	For switching between cross-slot scheduling and regular scheduling (i.e. without cross-slot restriction), allow configuration of multiple TDRA tables in pdsch-Config.
a.	first pdsch-TimeDomainAllocationList provided in pdsch-Config with no restriction on minimum k0
b.	second pdsch-TimeDomainAllocationList provided in pdsch-Config with a minimum k0 >X
Proposal 2	Triggering between the cross-slot slot scheduling and the same-slot scheduling is conducted based on L1 signalling (e.g. PDSCH reception for the cross-slot to same-slot scheduling, and a timer for switching from same-slot to cross-slot scheduling).
Proposal 3	For cross-slot scheduling power savings, RAN1 should agree on
a.	applicable minimum value k0 for downlink (also applicable for aperiodic CSI triggering offset)
b.	applicable minimum value k2 for uplink (can also be applicable for aperiodic SRS)
Proposal 4	The adaptation on the minimum applicable value of K0 or K2 does not apply to the cases listed in Table 1.

[bookmark: _In-sequence_SDU_delivery]References
[bookmark: _Ref523917687]RP-181463, “New SID: Study on UE Power Saving in NR”, CATT, CMCC, vivo, CATR, Qualcomm, MediaTek, 3GPP TSG RAN Meeting #80
RP-181763, “Views on the Progress of UE Power Saving for NR”, CATT, 3GPP TSG RAN Meeting #81
R1-1902934, “Evaluations and modeling of UE power consumption”, Ericsson, 3GPP TSG RAN WG1 Meeting #96
RP-190727, New WID: UE Power Saving in NR, CATT, CAICT, 3GPP TSG RAN #83, March 2019


























Annex A (TDRA table for downlink from 38.214)
Table 5.1.2.1.1-1: Applicable PDSCH time domain resource allocation
	RNTI
	PDCCH search space
	SS/PBCH block and CORESET multiplexing pattern
	pdsch-ConfigCommon includes pdsch-TimeDomainAllocationList
	pdsch-Config includes pdsch-TimeDomainAllocationList
	PDSCH time domain resource allocation to apply

	SI-RNTI

	Type0 common
	1
	-
	-
	Default A for normal CP

	
	
	2
	-
	-
	Default B

	
	
	3
	-
	-
	Default C

	SI-RNTI
	Type0A common
	1
	No
	-
	Default A

	
	
	2
	No
	-
	Default B

	
	
	3
	No
	-
	Default C

	
	
	1,2,3
	Yes
	-
	pdsch-TimeDomainAllocationList provided in pdsch-ConfigCommon

	RA-RNTI, TC-RNTI
	Type1 common
	1, 2, 3
	No
	-
	Default A

	
	
	1, 2, 3
	Yes
	-
	pdsch-TimeDomainAllocationList provided in pdsch-ConfigCommon

	P-RNTI
	Type2 common
	1
	No
	-
	Default A

	
	
	2
	No
	-
	Default B

	
	
	3
	No
	-
	Default C

	
	
	1,2,3
	Yes
	-
	pdsch-TimeDomainAllocationList provided in pdsch-ConfigCommon

	C-RNTIMCS-C-RNTI, CS-RNTI
	Any common search space associated with CORESET#0
	1, 2, 3
	No
	-
	Default A

	
	
	1, 2, 3
	Yes
	-
	pdsch-TimeDomainAllocationList provided in pdsch-ConfigCommon

	C-RNTI, MCS-C-RNTI, CS-RNTI
	Any common search space not associated with CORESET#0

UE specific search space
	1,2,3
	No
	No
	Default A

	
	
	1,2,3
	Yes
	No
	pdsch-TimeDomainAllocationList provided in pdsch-ConfigCommon 

	
	
	1,2,3
	No/Yes
	Yes
	pdsch-TimeDomainAllocationList provided in pdsch-Config
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