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1. Introduction
In this contribution, we discuss remaining issues on cross-slot scheduling for power saving such as application delay for each PDCCH monitoring case/cross-carrier scheduling case, exceptional case of power saving using minimum application value K0, and PDCCH skipping for increasing power saving gain. 
2. Discussion 
2.1. Application delay of minimum applicable K0/K2 value
In previous meeting, following is agreed for application delay of minimum applicable K0/K2 value(s);
	Agreements:
· With application delay, X, for adaptation to the indicated minimum applicable K0/K2 value(s) for a scheduled cell triggered by the 1-bit indication of a DCI format 1-1 or 0-1 with in the scheduling cell,
· UE receives DCI of the change indication in slot n of the scheduling cell
· UE can be scheduled with the indicated minimum applicable K0/K2 value(s) for PDSCH/PUSCH on the scheduled cell in a DCI in slot (n + X) of the scheduling cell
· For same-carrier scheduling and at least for PDCCH monitoring case 1-1,
· X = max(Y, Z)
· Y is the active minimum applicable K0 value of the active DL BWP prior to the change indication
· Z is ([1], [1], [2], [2]) for DL SCS of (15, 30, 60, 120) KHz, respectively
· FFS: Cross-carrier scheduling 
· FFS: PDCCH monitoring case 1-2 and case 2
· FFS: Whether and how to add a delay for adaptation from same-slot scheduling to cross-slot scheduling before potential data retransmission(s) is finished
· FFS whether or not/how to define the upper bound for the application delay
· FFS whether/how to define UE behavior in case of miss detection


In addition, cases of PDCCH monitoring were clarified in RAN1#91 meeting as follows;
	· For information, the following cases are clarified:
· Case 1: PDCCH monitoring periodicity of 14 or more symbols
· Case 1-1: PDCCH monitoring on up to three OFDM symbols at the beginning of a slot
· Case 1-2: PDCCH monitoring on any span of up to 3 consecutive OFDM symbols of a slot
· For a given UE, all search space configurations are within the same span of 3 consecutive OFDM symbols in the slot
· Case 2: PDCCH monitoring periodicity of less than 14 symbols
· Note: this includes the PDCCH monitoring of up to three OFDM symbols at the beginning of a slot


Regarding Case 1-2, monitoring occasion for PDCCH can be located on any symbol within a slot. It means that PDCCH decoding may not be done within a slot where corresponding DCI is received in some cases (e.g., monitored CORESET is located on symbol#12), and it can affect Y and Z value on agreed formula. There is a similar problem in PDCCH monitoring Case 2. In order to solve this problem, we should consider several variables such as UE’s decoding capability and location of CORESET to be monitored. One possible solution is that the value Y and/or Z can be determined based on location of monitored CORESET to guarantee PDCCH decoding time, for example, if a symbol index of last symbol of the CORESET is larger than 7, a UE assume Znew = Zold + 1 and X=max(Y,Znew) to determine application delay. However, this solution requires more discussion and consensus, while actual discussion time is limited. Another solution is that a network chooses proper Y value (i.e. minimum applicable value K0/K2) considering PDCCH monitoring case and decoding time. Considering remaining time unit for discussion, our preference is the later one.
Proposal 1: The application delay agreed for PDCCH monitoring case 1-1 is applied to all PDCCH monitoring cases (i.e., 1-2, and 2).
The application delay indicates when a network can schedule PDSCH using new minimum applicable value K0/K2, and it means that PDCCH decoding time is dominant factor for determining the application delay. Regarding the cross-carrier scheduling case, PDSCH on a scheduled cell is scheduled by PDCCH on another scheduling cell. Considering those things, it is natural that the application delay of minimum applicable K0/K2 value for a scheduled cell is determined depending on scheduling cell’s parameters. So, when cross-carrier scheduling is configured, the application delay of scheduled cell can be derived based on scheduling cell’s parameters. For example, following can be considered as the application delay;
	With application delay, X, for adaptation to the indicated minimum applicable K0/K2 value(s) for a scheduled cell triggered by the 1-bit indication of a DCI format 1-1 or 0-1 with in the scheduling cell,
· UE receives DCI of the change indication in slot n of the scheduling cell
· UE can be scheduled with the indicated minimum applicable K0/K2 value(s) for PDSCH/PUSCH on the scheduled cell in a DCI in slot (n + X) of the scheduling cell
· For cross-carrier scheduling,
· X = max(Y, Z)
· Y is the active minimum applicable K0 value of the active DL BWP on scheduling cell 
· Z is ([1], [1], [2], [2]) for DL SCS of (15, 30, 60, 120) KHz of active BWP on scheduling cell, respectively


Proposal 2: For cross-carrier scheduling, the application delay of minimum applicable K0/K2 value for scheduled cell is determined based on the parameters Y and Z of the scheduling cell.

2.2. Exceptional cases of PDSCH buffering skip
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. For this reason, it was agreed 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. And exceptional cases and handling method for monitoring C-/CS-/MCS-C-RNTI are still FFS.
Regarding C-RNTI, CS-RNTI, and MCS-C-RNTI, following is described in TS38.213; 
	If a UE is provided 
· one or more search space sets by corresponding one or more of searchSpaceZero, searchSpaceSIB1, searchSpaceOtherSystemInformation, pagingSearchSapce, 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.


Considering previous agreement and specification description, for C-, CS-, and MCS-C-RNTI, it is natural that the adaptation on the minimum applicable value of K0 is not applied, if the RNTIs are monitored in Type0, 0A, 1, and 2 CSS. It is because a UE should perform data buffering on the slots to prepare for receiving data related to SI-, RA-, and P-RNTI. 
To be more accurate, if there is RRC configured TDRA table (e.g., pdsch-TimeDomainAllocationList provided in pdsch-ConfigCommon), minimum applicable K0 value can be applied. So, for C-, CS-, and MCS-C-RNTI, the adaptation on the minimum applicable value of K0 is not applied when “default TDRA table” is assumed for PDSCH scheduling. 
Proposal 3: For C-, CS-, or MCS-C-RNTI monitored in Type0, 0A, 1, or 2 CSS, following options can be considered;
· Option 1: the adaptation on the minimum applicable value K0 is not applied to corresponding PDSCH TDRA 
· Option 2: the adaptation on the minimum applicable value K0 is not applied, if default TDRA table is assumed

2.3. Increasing power saving gain 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 maximizing power saving gain by minimum K0, 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 might be decreased because micro sleep cannot be done at least on CORESET duration for PDCCH monitoring. If the number of configured search space sets is only one, some techniques (e.g., monitoring periodicity adaptation, monitoring occasion skipping) can be considered. For example, monitoring occasions located on resources which is not buffered by configured minimum K0 can be skipped, or monitoring periodicity can be adapted for increasing micro sleep duration. On the other hands, if multiple search space sets are configured for a UE, it is not sure whether the techniques can increase power saving gain achieved by minimum K0. It seems that further studies are needed for the case of multiple search space sets. 

3. Conclusion
In this contribution, we discuss cross-slot scheduling for power saving. Followings are proposed in this contribution;
Proposal 1: The application delay agreed for PDCCH monitoring case 1-1 is applied to all PDCCH monitoring cases (i.e., 1-2, and 2).
Proposal 2: For cross-carrier scheduling, the application delay of minimum applicable K0/K2 value for scheduled cell is determined based on the parameters Y and Z of the scheduling cell.
Proposal 3: For C-, CS-, or MCS-C-RNTI monitored in Type0, 0A, 1, or 2 CSS, following options can be considered;
· Option 1: the adaptation on the minimum applicable value K0 is not applied to corresponding PDSCH TDRA 
· Option 2: the adaptation on the minimum applicable value K0 is not applied, if default TDRA table is assumed

