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1 Introduction
In RAN1#96bis [1], the following were agreed:
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


This contribution considers remaining issues on cross-slot scheduling based power saving techniques.
2 Cross-slot scheduling based power saving techniques
Issue#1) Indication method to adapt the minimum applicable value of K0/K2
Regarding the indication method to adapt the minimum applicable value of K0/K2, three alternatives captured in the agreement as below:
· 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

Alt 1 and Alt 2 have the better flexibility in using entries of TDRA table than Alt 3, while, require higher signalling overhead. For this reason, it would be desirable to use MAC CE-based adaptation for Alt 1 and Alt 2, and L1-based signalling for Alt 3. To have unified solution with other power saving techniques, L1-based solution with Alt 3 is slightly more preferred. DCI format for PoSS can be used for Alt 3.
When the minimum applicable value of K0/K2 is indicated, how to reinterpret TDRA entries needs to be further clarified. Basically, two options can be considered as below:
· Option 1: A subset of TDRA entries with K0/K2 larger than indicated minimum applicable value is used.
· Option 2: K0/K2 values in the TDRA entries are updated by using the indicated minimum applicable value.
If we take option 1, only a subset of TDRA entries can be usable, so that the flexibility in TDRA would be reduced. With option 2, this issue can be resolved. The TDRA entries can be updated based on the indicated minimum value to have all K0/K2 larger than the minimum value. For example, the K0/K2 values in TDRA entries smaller than the indicated minimum value can be updated to the indicated minimum value.
Proposal 1: Minimum applicable value of K0/K2 is indicated by L1 signalling, e.g., DCI format for PoSS.
Proposal 2: TDRA table is updated based on the indicated minimum applicable value of K0/K2.
Issue#2) Consideration on BWP switching 
The minimum applicable value of K0/K2 determination of new switched BWP depends on the indication method of minimum applicable value of K0/K2 within BWP, the minimum applicable value of K0/K2 determination within BWP can be indicated by DCI scheduling PDSCH/PUSCH or indicated by dedicated DCI. When the minimum applicable value of K0/K2 determination within BWP is indicated by DCI scheduling PDSCH/PUSCH, the minimum applicable value of K0/K2 of new switched BWP can be indicated by DCI indicating BWP switching, but different K0/K2 value set is used for new switched BWP. When BWP switching is triggered by bwp-InactivityTimer, a default minimum applicable value of K0/K2 is assumed for new switched BWP until a minimum applicable value of K0/K2 is indicated to UE. When the minimum applicable value of K0/K2 determination within BWP is indicated by dedicated DCI, a default minimum applicable value of K0/K2 is assumed for new switched BWP until a minimum applicable value of K0/K2 is indicated to UE by dedicated DCI or by DCI scheduling PDSCH/PUSCH indicate a K0/K2 value smaller than the current minimum applicable value of K0/K2. 
Proposal 3: A default minimum K0/K2 value is assumed when BWP switching until a new minimum K0/K2 value is indicated for the new switched BWP. 
Issue#3) Handling default TDRA table 
The adaptation on the minimum applicable value of K0/K2 should not affect to the any common DCI. In this regard, some of RNTIs in CSS are agreed not to apply the minimum applicable value. For the unicast DCI, e.g., C-RNTI/MCS-C-RNTI/CS-RNTI, we need to take into account which search space set is used for monitoring the unicast DCI. The unicast DCI can be monitored in CSS configured by either PDCCH-Config or PDCCH-ConfigCommon. If it is configured by PDCCH-Config, the DCI format 0_0/1_0 does not used for scheduling broadcast message. Therefore, it would be find to apply the minimum applicable value. On the other hand, if the search space set corresponds to one of the search space sets configured by PDCCH-ConfigCommon, then not only C/MCS-C/CS-RNTI but also SI/RA/P-RNTI are monitored together as described in below [2]: 
	If a UE is provided 

-
one or more search space sets by corresponding one or more of searchSpaceZero, searchSpaceSIB1, searchSpaceOtherSystemInformation, pagingSearchSpace, 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.


In this case, the minimum applicable value does not need to be applied.
Regarding PUSCH scheduled by RAR UL grant, it is more desirable not to apply the minimum applicable value since it may cause delay during random access.
Proposal 4: The adaptation on the minimum applicable value of K0 does not apply to at least the following cases:
	RNTI
	PDCCH search space

	C-RNTI, MCS-C-RNTI, CS-RNTI
	one or more search space sets by corresponding one or more of searchSpaceZero, searchSpaceSIB1, searchSpaceOtherSystemInformation, pagingSearchSpace, ra-SearchSpace

	PUSCH scheduled by MAC RAR described in subclause 8.2 in [2]


Issue#4) Handling default value when K0/K2 is absent
In TS38.331, a default value for K0/K2 is defined for the case when the field of K0/K2 is absent in the scheduling DCI formats:
	PUSCH-TimeDomainResourceAllocationList field descriptions

	k2

Corresponds to L1 parameter 'K2' (see TS 38.214 [19], clause 6.1.2.1) When the field is absent the UE applies the value 1 when PUSCH SCS is 15/30 kHz; the value 2 when PUSCH SCS is 60 kHz, and the value 3 when PUSCH SCS is 120KHz.

	PDSCH-TimeDomainResourceAllocationList field descriptions

	k0
Slot offset between DCI and its scheduled PDSCH (see TS 38.214 [19], clause 5.1.2.1) When the field is absent the UE applies the value 0.


To fully achieve power saving gain from adaptation on cross-slot scheduling, we need address adaptation on default values in case the field of K0/K2 is absent. When a power saving signal/channel indicates an explicit value of minimum K0/K2, the explicit minimum K0/K2 can be considered as default K0/K2 directly. Alternatively, a power saving signal/channel can indicate an offset, X, to applicable K0/K2 candidates in TDRA table.  In the latter case, the default values can be the default values in Rel-15 38.331 plus the offset, X, indicated by the power saving signal/channel. 
Proposal 5: Indicated minimum applicable value of K0/K2 also applies to the default values when the field of K0/K2 in scheduling DCI is absent.
Issue#5) Consideration on PDCCH monitoring periodicity
For adaptation on min K0/K2 with candidate values larger than one, a UE can achieve power saving gain by means of 1) no PDSCH buffering, 2) micro-sleep after receiving PDCCH, 3) relaxing PDCCH processing timeline, etc. However, if the PDCCH monitoring periodicity is less than the minimum applicable K0/K2, UE cannot fully achieve the power saving gain due to the following issues. 

Firstly, without considering on the PDCCH monitoring periodicity, the PDCCH processing time can be relaxed to a duration that is less then minimum K0/K2 for power saving purpose. However, the PDCCH monitoring occasions between a time of PDCCH reception and a time of potential PDSCH reception will accumulate to be processed. As illustrated in Figure 1, due to the accumulated PDCCH monitoring occasions over time, a UE has to start buffering PDSCH samples. In the other words, the PDCCH monitoring periodicity should be considered when UE wants to relax the PDCCH processing timeline for power saving purpose. 
In addition, the micro-sleep duration after receiving PDCCH is limited by the next PDCCH monitoring occasions other than the minimum K0/K2 as illustrated in Figure 1. 
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FIGURE 1: illustration of issues on adaptation on min K0/K2 without considering on PDCCH monitoring periodicity 
Therefore, to take most advantages of adaptation on cross-slot scheduling, a joint adaptation on the minimum K0/K2 and minimum PDCCH monitoring periodicity can be considered. As illustrated in Figure 2,  the minimum applicable K0/K2 values indicated by the PDCCH based power saving signal can also indicates the minimum PDCCH monitoring periodicity. For any applicable search space set, s, if the corresponding PDCCH monitoring periodicity, ks, is less than the indicated PDCCH monitoring periodicity, kmin , UE can replace the value of ks by kmin; otherwise, no change on ks . 
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FIGURE 2: Joint adaptation on the minimum K0/K2 and minimum PDCCH monitoring periodicity
Proposal 6: Support joint adaptation on minimum K0/K2 and minimum PDCCH monitoring periodicity if the UE is operated with cross-slot scheduling based power saving.
Issue#6) Indication methods to adapt the minimum applicable value of the aperiodic CSI-RS triggering offset 
Regarding handling on aperiodic CSI-RS, independent signalling for the minimum applicable value for the triggering offset seems not necessary. If it is additionally indicated, the UE anyway needs to assume one of the values between the minimum applicable K0/K2 and minimum applicable triggering offset (naturally it would be minimum values among them) to determine the sleep mode. Therefore, using single value seems enough. In this regard, to minimum applicable value for CSI-RS triggering offset can be the same as the minimum applicable K0/K2 value if indicated.
Proposal 7: Minimum applicable value for CSI-RS triggering offset is the same as the minimum applicable K0/K2 value when indicated.
3 Conclusion

This contribution considered cross-slot scheduling based power saving techniques. Following observations and proposal were made:
Proposal 1: Minimum applicable value of K0/K2 is indicated by L1 signalling, e.g., DCI format for PoSS.
Proposal 2: TDRA table is updated based on the indicated minimum applicable value of K0/K2.
Proposal 3: A default minimum K0/K2 value is assumed when BWP switching until a new minimum K0/K2 value is indicated for the new switched BWP.
Proposal 4: The adaptation on the minimum applicable value of K0 does not apply to at least the following cases:
	RNTI
	PDCCH search space

	C-RNTI, MCS-C-RNTI, CS-RNTI
	one or more search space sets by corresponding one or more of searchSpaceZero, searchSpaceSIB1, searchSpaceOtherSystemInformation, pagingSearchSpace, ra-SearchSpace

	PUSCH scheduled by MAC RAR described in subclause 8.2 in [2]


Proposal 5: Indicated minimum applicable value of K0/K2 also applies to the default values when the field of K0/K2 in scheduling DCI is absent.
Proposal 6: Support joint adaptation on minimum K0/K2 and minimum PDCCH monitoring periodicity if the UE is operated with cross-slot scheduling based power saving.
Proposal 7: Minimum applicable value for CSI-RS triggering offset is the same as the minimum applicable K0/K2 value when indicated.
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