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1. Introduction
In previous meeting, some agreements about cross-slot scheduling for power saving were made as follows; 
	Agreements:
· Regarding aperiodic CSI-RS triggering, at least if a UE is operated with cross-slot scheduling based power saving, 
· If all the associated trigger states do not have the higher layer parameter qcl-Type set to 'QCL-TypeD' in the corresponding TCI states and the PDCCH SCS is equal to the CSI-RS SCS, specification allows the aperiodic CSI-RS triggering offset to be set to a non-zero value.
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. 
Agreements:
· The adaptation on the minimum applicable value of K0 does not apply to at least the following cases:
	RNTI
	PDCCH search space

	SI-RNTI
	Type0 common

	SI-RNTI
	Type0A common

	RA-RNTI, TC-RNTI
	Type1 common

	P-RNTI
	Type2 common


Conclusion:
Companies are encouraged to further investigate whether to apply the adaptation for at least the following cases:
· K0 related:
	RNTI
	PDCCH search space

	C-RNTI, CS-RNTI
	

	MCS-C-RNTI
	


· K2 related:
	RNTI
	PDCCH search space

	PUSCH scheduled by MAC RAR as described in subclause 8.2 of TS 38.213

	C-RNTI, TC-RNTI, CS-RNTI
	

	MCS-C-RNTI
	





In this contribution, we discuss considerations on cross-slot scheduling for power saving. 
2. Discussion 
For a cross-slot scheduling, the UE can achieve power saving gain by switching to micro sleep after PDCCH reception on duration guaranteed by minimum K0 and K2. The general procedure of cross-slot scheduling for the study of the power saving scheme is described in TR38.840 as follows;
	· gNB semi-statically configures TDRA to the UE, subject to UE capability (if any) 
· All schedulable TDRA values have K0 > = x and K2 >= x where x > 0
· Determination of value x is FFS (which may also be done in the WI phase), e.g., may also be impacted by BWP switching triggered by DCI (jointly with cross-slot scheduling, if supported), etc.
· All aperiodic CSI-RS triggering offsets are not smaller than the value x
· UE decodes PDCCH and retrieves the index of schedulable TDRA value
· UE could go to micro sleep after reception of last PDCCH symbol 
· UE processes PDSCH at the indicated starting time from TDRA value


In following sections, details on cross-slot scheduling procedure such as determination of minimum K0, exceptional cases, and additional power saving gain by search space set configuration adaptation are discussed.
2.1. Indication of minimum K0 for power saving
In Rel-15, TDRA table for scheduling PDSCH can be changed by RRC signalling with relatively long latency. However, because the RRC signalling requires long latency for changing TDRA table, it cannot reflect dynamic changes of different data arrival, different service types, and dynamic channel environments. So, it is proposed to introduce dynamic indication of minimum K0 (and K2) for flexible power-efficient cross-slot scheduling. Regarding signalling type, PDCCH-based power saving channel which is under discussion can be considered for dynamic indication to adapt the minimum applicable value of K0 (and K2). If an explicit value is not provided, a UE can perform power saving operation based on the minimum K0 of a given TDRA table indicated by RRC signalling.
Proposal 1: The L1 signalling (e.g., PDCCH based power saving channel) is used for indicating minimum K0 and K2.
Proposal 2: If an explicit value is not provided, a UE can determine minimum K0 and K2 based on a given TDRA table. 

For the dynamic indication of minimum K0, two options can be considered as follows;
Option 1: Multiple TDRA table and dynamic indication of table index
A gNB can configure two (or more) TDRA tables for cross-slot scheduling by RRC signalling, for example, default TDRA table (which may or may not be shared with legacy UEs) and power-efficient TDRA table (which includes non-zero K0 values only). The minimum K0 can be determined implicitly as a minimum K0 value in each table. If the power saving is necessary, a gNB indicates a TDRA table index which has minimum K0>0 by PDCCH based power saving channel (i.e., L1 signalling), and a UE can save power by switching to micro sleep after PDCCH reception on duration guaranteed by the minimum K0. This option requires RRC signalling overhead to indicate multiple TDRA tables and latency (and ambiguity) for TDRA table reconfiguration, but more flexible time domain resource allocation is possible compared to option 2 because this option can provide more TDRA candidates compared to option 2. 
Option 2: Indication of the minimum applicable value in a given TDRA table
This option uses only one TDRA table, and the number of available contents is limited by additionally indicated minimum K0. A gNB performs same signalling with Rel-15 for indicating TDRA table, and minimum K0 can be signalled by PDCCH based power saving channel. If minimum K0 is signalled, a UE knows which rows are available in the TDRA table, and the UE can acquire power saving gain by switching micro sleep on guaranteed region by minimum K0. This option can save RRC overhead and change minimum K0 value easily compared to option 1, while scheduling flexibility can be restricted by reducing the number of available rows in the TDRA table. 
In our view, option 2 is slightly preferred because of lower signalling overhead and fast change of minimum K0 value. 
Proposal 3: Minimum K0 for power saving is explicitly signalled by L1 signalling, and available rows in a TDRA table can be determined by the minimum K0.

2.2. Restriction to aperiodic CSI-RS allocation
Similar to PDSCH buffering, regarding aperiodic CSI-RS triggering offset, in order to keep power saving gain of cross-slot scheduling, the minimum triggering offset of aperiodic CSI-RS should be associated with the minimum K0 for scheduling PDSCH. It is noted that the minimum triggering offset of aperiodic CSI-RS means distance between PDCCH and nearest CSI-RS resource which can be indicated by the PDCCH. It means that if minimum K0 is configured for power saving, a UE can assume that the aperiodic CSI-RS is also not allocated on the duration which is guaranteed region by the minimum K0.
Proposal 4: UE can assume that aperiodic CSI-RS triggering offset should not be indicated within a minimum K0 slot offset configured for power saving.

2.3. Exceptional cases of PDSCH buffering skip
As mentioned above, the power saving gain from cross-slot scheduling comes from skipping data buffering (i.e., micro sleep) on duration guaranteed by minimum K0. Meanwhile, for some cases, skipping data buffering may be inefficient or data buffering should be performed. To be specific, if a UE monitors (SI,RA, P)-RNTI on Type(0,0A,1,2) CSS using default PDSCH TDRA table, the adaptation on the minimum applicable value of K0 cannot be applied because mostly all K0 values in default TDRA table is 0. According to previous agreement, when a UE monitors SI-RNTI in Type0&0A CSS, RA-RNTI & TC-RNTI in Type1 CSS, and P-RNTI in Type2 CSS, the adaptation on the minimum applicable value of K0 cannot be applied. In addition, according to TS38.213, if a UE is provided one or more search space sets by corresponding one or more of searchSpaceZero, searchSpaceSIB1, searchSpaceOtherSystemInformation, pagingSearchSapce, and ra-SearchSpace, and a C-RNTI, an MCS-C-RNTI, or a CS-RNTI, the UE monitors PDCCH candidates for DCI format 0_0 and DCI format 1_0 with CRC scrambled by the C-RNTI, the MCS-C-RNTI, or the CS-RNTI in the one or more search space sets in a slot where the UE monitors PDCCH candidates for at least a DCI format 0_0 or a DCI format 1_0 with CRC scrambled by SI-RNTI, RA-RNTI or P-RNTI. So, for C-RNTI, CS-RNTI, and MCS-C-RNTI, it is natural that if the RNTIs are monitored in Type0, 0A, 1, and 2, the adaptation on the minimum applicable value of K0 is not applied, because a UE cannot know which RNTI (e.g., SI-RNTI or C-RNTI) is detected in the CSSs. For other cases monitoring C-RNTI, the adaptation on the minimum applicable value of K0 can be applied. 
Proposal 5: At least, for C-, CS-, or MCS-C-RNTI monitored in Type0, 0A, 1, or 2, the adaptation on the minimum applicable value of K0 is not applied to corresponding PDSCH. 

2.4. Additional power saving for cross-slot scheduling
The power saving gain from cross-slot scheduling comes from dynamic transition to micro sleep when minimum K0 which is larger than 0 is indicated by a gNB. So, for achieving power saving gain, it should be guaranteed that monitoring periodicity of SS sets is larger than minimum K0. For example, if a monitoring periodicity of a search space set is 1 slot, and if minimum K0 indicated for power saving is 1, power saving gain cannot be expected because PDSCH buffering for precious slot is necessary in a current slot. In order to maximize power saving gain, search space set configuration can be adapted when minimum K0 for power saving is indicated. For example, if monitoring periodicities of configured search space sets are smaller than the minimum K0, a UE can assume the monitoring periodicity is increased to same (or larger) value with the minimum K0. 
Proposal 6: In order to increase power saving gain of cross-slot scheduling, further studies for UE’s operation when there is another monitoring occasion on time domain resources guaranteed by minimum K0 and K2 are needed.

3. Conclusion
In this contribution, we discuss cross-slot scheduling for power saving. Followings are proposed in this contribution;
Proposal 1: The L1 signalling (e.g., PDCCH based power saving channel) is used for indicating minimum K0 and K2.
Proposal 2: If an explicit value is not provided, a UE can determine minimum K0 and K2 based on a given TDRA table.
Proposal 3: Minimum K0 for power saving is explicitly signalled by L1 signalling, and available rows in a TDRA table can be determined by the minimum K0.
Proposal 4: UE can assume that aperiodic CSI-RS triggering offset should not be indicated within a minimum K0 slot offset configured for power saving.
Proposal 5: At least, for C-, CS-, or MCS-C-RNTI monitored in Type0, 0A, 1, or 2, the adaptation on the minimum applicable value of K0 is not applied to corresponding PDSCH. 
Proposal 6: In order to increase power saving gain of cross-slot scheduling, further studies for UE’s operation when there is another monitoring occasion on time domain resources guaranteed by minimum K0 and K2 are needed.


