[bookmark: _GoBack]3GPP TSG RAN WG1 #98bis			R1-1910835
Chongqing, China, October 14th – 20th, 2019
Agenda Item:	7.2.9.2
Source: 	LG Electronics 
Title: 	Discussion on cross-slot scheduling for power saving
[bookmark: Source][bookmark: Title][bookmark: DocumentFor]Document for:	Discussion and decision
1. Introduction
In previous meetings, some agreements about cross-slot scheduling for power saving were made as follows; 
	Agreements:
Scheduling DCI format(s), 1-1 and/or 0-1, to indicate the minimum applicable value of K0 (K2) for active DL (UL) BWP during Active Time is supported
· FFS: Whether and how other scheduling DCI format(s) during Active Time can be used
· FFS whether to have joint or separate indication for DL & UL
Agreements:
To adapt the minimum applicable value of K0 (K2) for an active DL (UL) BWP for the carrier where PDSCH(PUSCH) is transmitted, the following is supported:
· One or two RRC configured values for restriction to the active TDRA table 
· RRC configuration is per BWP 
· If there are one or two RRC configured values for a BWP, 1-bit indication to indicate one value from two candidate values
· For the case of one RRC configured value, the 1-bit indication further indicates whether or not there is no restriction to the active TDRA table
Agreements:
For an activated BWP without the 1-bit indication received in DCI for adapting the minimum applicable value of K0(K2) for the BWP when there are one or two RRC configured values for the BWP, e.g., due to BWP switching triggered by BWP timer expiration, etc., the value applied for the BWP is determined by (to down-select one of them):
· Option 1: No restriction if one value is RRC configured; The lowest-indexed RRC configure value if two values are RRC configured
· Option 2: The configured value if one value is RRC configured; The lowest-indexed RRC configured value if two values are RRC configured; 
· Option 3: No restriction 
Agreements:
· The 1-bit indication in DCI format 1_1 or format 0_1 is used to jointly determine the minimum applicable K0 for the active DL BWP and the minimum applicable K2 value for the active UL BWP, which are to be applied at least after the application delay.
Agreements:
· For an active DL and/or an active UL BWP, after UE is indicated to change the minimum applicable values of K0 and/or K2 and before the change indication takes effect,
· UE can be scheduled data with restriction based on current active minimum applicable values of K0 and/or K2


In this contribution, we discuss additional considerations on cross-slot scheduling for power saving. 
2. Discussion 
2.1. Specification for the indication to same/cross-slot scheduling
As captured above, it is agreed that one or two RRC configured value(s) can be provided by network for each BWP, and 1 bit indication in a DCI is used to configure minimum applicable K0/K2 value. In our understanding, the agreements means that 1) 0, 1, or 2 RRC configured value(s) for each BWP can be provided as minimum applicable K0/K2 value by a network, and 2) there is no 1 bit indication field if the value(s) is not configured for a current active BWP. Remaining issues based on the agreements are as follows; a) the mapping of the 1 bit indication if only one value is RRC configured, b) default behaviour when there is RRC configured value(s) but no dynamic indication, and c) how to determine minimum applicable value for fallback DCIs.
Regarding the default behaviour, it is not sure whether the RRC configured minimum applicable K0/K2 is applied as a default behaviour, even if 1 bit dynamic indication can be used to inform the value. If the minimum applicable value is needed, a network can configure dynamically using 1 bit indication within a DCI. 
Our proposals of this section are as follows;
Proposal 1: If only one value is configured by RRC, bit “1” signifies the configured value and bit “0” means no restriction.
Proposal 2: For an activated BWP without the 1 bit indication received in DCI for adapting the minimum applicable value of K0/K2 for the BWP when there are one or two RRC configured values for the BWP, no restriction is assumed until 1 bit indication is received.
Proposal 3: For the fallback DCI, a UE can assume the minimum applicable value indicated by most recent 1-bit indication in the activated BWP.

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 4: 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: If only one value is configured by RRC, bit “1” signifies the configured value and bit “0” means no restriction.
Proposal 2: For an activated BWP without the 1 bit indication received in DCI for adapting the minimum applicable value of K0/K2 for the BWP when there are one or two RRC configured values for the BWP, no restriction is assumed until 1 bit indication is received.
Proposal 3: For the fallback DCI, a UE can assume the minimum applicable value indicated by most recent 1-bit indication in the activated BWP.
Proposal 4: 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

