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Introduction
UE power saving work item was updated in [1]. One element of the work item is to enhance Rel-15 cross-slot scheduling operation to enable power saving. The UE can save power by avoiding unnecessary PDSCH buffering while PDCCH being decoded if the UE knows PDSCH will not start before PDCCH is decoded or slowing down PDCCH processing for uplink and downlink transmissions. This means for PDCCH monitoring case 1-1, PDSCH will not start in the slot PDCCH is received (if the minimum indicated K0>0). Similarly, power saving is also applicable for other signals instead of PDSCH (unnecessary buffering can be avoided for aperiodic CSI-RS and slower processing can be attained for PUSCH/SRS). To enable such power saving, this contribution addresses the following fundamental design issues:
1) How to indicate minimum K0/K2 (K0_min/K2_min) value
2) When/where the indicated K0_min/K2_min is applicable

Additionally, the following aspects are discussed:
· Minimum triggering offset for A-periodic SRS
· PHR cut-off time when K2_min>0
Discussion
The following agreements made during the last RAN1 meeting:
Agreements:
For an active DL and an active UL BWP, a UE can be indicated via L1-based 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).

To adapt the minimum applicable value of K0 (K2) for an active DL (UL) BWP, indication of the minimum applicable value is supported.
· FFS: Direct assignment of the minimum application value, indication of one value from one or multiple preconfigured or predetermined value(s), and/or implicit indication.

At least for the L1-based adaptation on the minimum applicable value of K2, it does not apply to PUSCH scheduled by MAC RAR for at least contention-based RACH procedure.

To adapt the minimum applicable value of the aperiodic CSI-RS triggering offset for an active DL BWP, implicit indication by defining the minimum applicable value the same as the minimum applicable K0 value when indicated is supported.

When UE is indicated of the minimum applicable value of K0 (K2) for an active DL (UL) BWP, the application method to the selection of a DL (UL) TDRA entry is to be decided from:
· An entry in the active DL (UL) TDRA table with K0 (K2) value smaller than the indicated minimum is not expected by or not valid for the UE for the TDRA indication(s) 

At least for the L1-based adaptation on the minimum applicable value of K2, it does not apply to:
· PUSCH scheduled by RAR UL grants for contention-free RACH procedure
· PUSCH scheduled with TC-RNTI

In addition, the following conclusion is made: 
Conclusion:
Companies are encouraged to check the following proposal for the application delay: 
For an active DL and an active UL BWP, when UE is indicated by L1-based signalling(s) in slot n to change the minimum applicable value(s) of K0 and/or K2, UE is not expected to apply the new indicated minimum applicable value(s) before slot  for K0, or slot  for K2, where 
· X = max(Y, Z)
· Y is the minimum applicable K0 value prior to the indicated change
· Z = [1]
· Z is the smallest feasible non-zero application delay that may depend on DL SCS 
· FFS: Z > 1 for 60kHz/120kHz SCS or multi-TRP
· FFS: Cross-carrier scheduling with different numerologies
· FFS: interruption time, if any

We discuss the above FFS points together with our views on the above mentioned topics. This contribution is a significant revision of the last meeting’s contribution R1-1907249.

K0_min/K2_min indication
Overall cross-slot scheduling based power saving procedure
In our view, once the UE receives K0_min/K2_min indication, the UE assumes the indication is applicable to future slots respecting the application delay unless the UE receives another K0_min/K2_min indication. This way, e.g., the UE will not miss buffering for a potential PDSCH after decoding of the DL scheduling PDCCH. If the indication is applicable to multiple slots, it is important that both gNB and UE be aligned on whether cross-slot or same-slot scheduling is performed in a slot. This is possible either by receiving a feedback from UE or using a validation mechanism similar to PDCCH validation for DL SPS/UL grant type 2 operation.

Observation 1: Both gNB and UE should be aligned on whether cross-slot or same-slot scheduling is performed in a slot

Proposal 1: Once the UE receives K0_min/K2_min indication, the UE assumes the indication is applicable to future slots respecting the application delay unless the UE receives another K0_min/K2 indication
· Either K0_min/K2_min indication should be acknowledged by the UE or a validation mechanism similar to PDCCH validation for DL SPS/UL grant type 2 operation should be used

Details of K0_min/K2_min indication
First we discuss aspects related to the last meeting agreement:
To adapt the minimum applicable value of K0 (K2) for an active DL (UL) BWP, indication of the minimum applicable value is supported.
· FFS: Direct assignment of the minimum application value, indication of one value from one or multiple preconfigured or predetermined value(s), and/or implicit indication.

In our view, a set of possible minimum applicable can be configured per DL (UL) BWP depending on the UE capability (e.g., support of Multi-TRP). 

Proposal 2: K0_min/K2_min value is explicitly signaled from a set of configured values.
· The configured K0_min/K2_min values are determined based on UE capability.

K0_min/K2_min determination for dynamic BWP switching
If the configured set of K0_min/K2_min values are defined per BWP, the case of dynamic BWP switching needs to be addressed. If the UE supports active BWP change via DCI, since before decoding the DCI, the UE does not know if BWP is going to be changed or not, the latest K0_min/K2_min on the BWP on which DCI is received is applied to the scheduled transmission on the target BWP, respecting the BWP switching delay and any scaling due to SCS. Also the triggering offset for aperiodic CSI-RS/SRS is implicitly derived based on the current value of K0_min/K2_min on the current BWP. 
The power saving gain might be different in different BWPs due to different parameters associated with each BWP, including SCS, maximum number of configured MIMO layers (at least for initial/default BWP vs. other BWP). Also, probably the reason for changing the BWP from the current BWP to the target BWP was to support more/less traffic in the target BWP compared to the current BWP, which in that case, cross-slot scheduling (or in general power saving) might need to be disabled/enabled due to support of more/less traffic. Due to these reasons, we think a default value of K0_min/K2_min can be defined per BWP. After the BWP switch, the UE switches back to the default value of cross-slot scheduling for the target BWP (see Figure 1)
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[bookmark: _Ref16891146]Figure 1: For 2nd PDSCH, K0_min indicated in the first BWP is applicable, but not for the 3rd PDSCH as it is scheduled in the second BWP; the default value of K0_min in BWP 2 is 0

A similar handling for the case of dynamic switching between a non-SUL and an SUL carrier is applicable where a default value of K0_min/K2_min is defined per BWP per carrier. 
Proposal 3: A default value of K0_min/K2_min can be defined per BWP. After the BWP switch, the UE switches back to the default value of K0_min/K2_min for the target BWP.

Application delay for K0_min/K2_min indication
In the last meeting the following conclusion was made regarding the application delay for K0_min/K2_min indication.

For an active DL and an active UL BWP, when UE is indicated by L1-based signalling(s) in slot n to change the minimum applicable value(s) of K0 and/or K2, UE is not expected to apply the new indicated minimum applicable value(s) before slot  for K0, or slot  for K2, where 
· X = max(Y, Z)
· Y is the minimum applicable K0 value prior to the indicated change
· Z = [1]
· Z is the smallest feasible non-zero application delay that may depend on DL SCS 
· FFS: Z > 1 for 60kHz/120kHz SCS or multi-TRP
· FFS: Cross-carrier scheduling with different numerologies
· FFS: interruption time, if any

Z value
Regarding the FFs on Z>1, we note that the role of “Z” is mainly to handle the transition from K0_min/K2_min=0 to K0_min/K2_min>0. Such transition could occur after processing of K0_min/K2_min PDCCH indication and module preparation (e.g., decreasing clock rate, and voltage for baseband operation). Given PDCCH processing can take less than 1 slot for all SCS as same slot scheduling is possible for all SCS at least for single-TRP operation, for higher SCS (60KHz/120KHz), it is the module preparation time to change the  power state that determines if Z>1. Assuming module preparation time of few symbols, it seems Z=2 slots is sufficient for 60/120 KHz SCS. For multi-TRP operation, it was agreed that
Agreement
For multi-PDCCH based multi-TRP operation, increase the maximum number of CORESETs per “PDCCH-config” to 5, according to UE capability 
· FFS: How to define capability per TRP 
· Study whether enhancement of reducing PDCCH blocking rate, e.g. Hash function enhancement, and UE complexity is needed, e.g.  taking into account overbooking PDCCH candidates and blind detection reduction per TRP/CORESET group.

  depending on UE capability discussion, if PDCCH processing can take longer than a slot, then Z could be larger than 1 slot.
Proposal 4: Assuming few symbols for change of power state, Z<=2 for 60KHz/120KHz SCS.
Observation 2: Depending on UE capability discussion for multi-TRP operation (in terms of PDCCH processing capability), Z could be larger than 1 slot.

Application delay for cross-carrier scheduling with different numerologies
As for the FFS point on cross-carrier scheduling with different numerologies, we note the following agreements made last meeting for the cross-carrier scheduling feature:
Agreements:
· Delta-values for lower SCS PDCCH to higher SCS PDSCH case 1-1 scheduling 
· 15 kHz: 4 symbols
· 30 kHz: 4 symbols
· 60 kHz: 8 symbols
· Case 1-2: use the same delta as the case 1-1 scheduling
· With the quantization step
· Case 2:
· Use the same delta values as the case 1-1 scheduling INCLUDING the quantization step


For the case of higher SCS PDCCH scheduling lower SCS PDSCH, for the scheduling timing, use the same definition as with lower SCS PDCCH scheduling higher SCS PDSCH scheduling, without quantization to the next PDSCH slot

For high-SCS to low-SCS scheduling, the delta for 120 kHz SCS PDCCH: [12] symbols

For the case of a lower SCS PDCCH scheduling a higher SCS PDSCH (or PUSCH), support using M DCIs in one slot for PDCCH to schedule M respective PDSCH (or PUSCH) transmissions in N slots for PDSCH (or PUSCH), where M<=N (for slot aggregation, M<N) following at least one of the following rules (potential down-selection can be done during Rel-16 UE feature discussion):
· Alt 1a: Define max number of unicast DCIs that the UE is expected to decode in each span of PDCCH symbols
· Alt 1b: Define an increased number of valid unicast DCIs per PDCCH monitoring occasions
· Alt 1c: based on Rel-15 FG 3-5/3-5b 
· Further discussion whether some additional clarification is needed or not  potential clarification can be discussed under UE features
Based on the above agreements, noting Delta is minimum DL scheduling offset and is less than one slot of scheduling SCS, considering PDCCH processing time of 2 slots of the scheduling SCS (upto one slot for PDCCH decoding and upto one slot due to potential distribution of PDCCHs in a slot leading to PDCCH monitoring case 2 for lower SCS PDCCH scheduling a higher SCS PDSCH (or PUSCH)), it seems Z=2-3 slots of the scheduling cell is sufficient for all SCS combinations. However, in general it would be good to clarify the merits of applying cross-slot scheduling for the case of cross-carrier scheduling with different numerologies. 
Proposal 5: If merits of applying cross-slot scheduling for the case of cross-carrier scheduling with different numerologies are shown, Z=2-3 slots in the numerology of the scheduling cell seems sufficient.
Cases where the indicated K0_min/K2_min is applicable
In RAN1#96b the following was agreed:

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



And the following conclusion was made in RAN1#96b:
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
	



As mentioned before, in our view, once the UE receives K0_min indication, the UE assumes the indication is applicable to future slots unless the UE receives another K0_min indication. However, there could be conditions, some of which are described below, that the received K0_min indication is not applicable anymore or is not applicable in some of the slots. 
C-RNTI
In this section, we address multi-TRP PDSCH transmissions scheduled by DCI format with CRC scrambled by C-RNTI. For multi-DCI based multi-TRP/panel transmission, it was agreed in RAN1#96 that 
Agreement
To support multiple-PDCCH based multi-TRP/panel transmission with intra-cell (same cell ID) and inter-cell (different Cell IDs), following RRC configuration can be used to link multiple PDCCH/PDSCH pairs with multiple TRPs
· one CORESET in a “PDCCH-config” corresponds to one TRP 

Agreement
Full scheduling information for receiving a PDSCH is indicated and carried only by the corresponding PDCCH.  

It should be decided whether a cross-slot scheduling (K0_min) indication applies to a single or multiple TRP transmissions noting that power saving gains may vanish if the UE applies cross-slot scheduling only to transmissions of one of the TRPs. For instance, if the UE receives a K0_min>0 indication for PDSCH transmissions from the first TRP, the UE assumes that PDSCH transmissions from the second TRP are also scheduled with K0_min >0. In that case, the UE is not expected to receive a PDCCH for the second TRP with TRRA entry corresponding to K0_min=0.  
Proposal 6: If the UE receives a K0_min>0 indication for PDSCH transmissions from the first TRP, the UE assumes that PDSCH transmissions from the second TRP are also scheduled with K0_min >0. 
· In that case, the UE is not expected to receive a PDCCH for the second TRP with TDRA entry corresponding to K0_min=0.
CS-RNTI
DL SPS enhancements have been discussed under IIoT study item, and it was agreed in RAN2#105b that “short” SPS periodicities, at least down to 0.5ms are supported. In our view, if a UE is configured with DL SPS operation with short periodicity of ‘m’ slot(s) (e.g., m=1), cross-slot scheduling indication (K0_min>0) is not applied to slots after the slot in which the DL SPS with short periodicity is activated. 
Proposal 7: The adaptation on the minimum applicable value of K0 does not apply to slots after the slot in which DL SPS with short periodicity is activated.

MCS-C-RNTI
In slots that PDCCHs with MCS-C-RNTI are monitored, k0_min adaptation is not applicable. If PDCCHs with C-RNTI and MCS-C-RNTI do not share a search space, it is still possible to have K0_min>0 for PDSCHs scheduled with PDCCH scrambled by C-RNTI, which can result in power saving as long as no PDSCH scheduled by a PDCCH scrambled by MCS-RNTI in that slot. Another aspect is for shorter than 1 slot monitoring periodicities for PDCCHs scrambled by MCS-C-RNTI, power saving even if PDSCHs are only scheduled by PDCCHs scrambled by C-RNTI in a slot is not possible. So for simplicity of the specifications, we propose:
 
Proposal 8: The adaptation on the minimum applicable value of K0 does not apply to a slot in which DCI format with CRC scrambled by MCS-C-RNTI is monitored.

Aperiodic SRS
This section provides detailed mechanisms to enable cross-slot scheduling power saving for aperiodic SRS (A-SRS) operation. In 3GPP Rel-15, a non-zero A-SRS triggering offset value can be configured per SRS resource set (TS 38.331, parameter slotOffset for resourceType: aperiodic in SRS-Config). To be able to harvest power saving gains for example, when K2_min is indicated, it could be beneficial to apply a minimum SRS triggering offset that helps with power saving. 
Similar to aperiodic CSI-RS triggering offset, to adapt the minimum applicable value of aperiodic SRS triggering offset for an active UL BWP, implicit indication by defining the minimum applicable value to be the larger of the minimum applicable K2 value (K2_min) when indicated and the corresponding RRC parameter slotOffset. In this case, the UE will not transmit SRS corresponding to an SRS resource set that is triggered by an SRS request if the corresponding slotOffset parameter associated with the SRS resource set is smaller than K2_min.
Proposal 9: K2_min is the minimum applicable A-SRS triggering offset. The triggered SRS is not transmitted if the corresponding slotOffset parameter is smaller than K2_min.
Proposal 10: If DCI format 2_3 triggers aperiodic SRS, the minimum applicable value of aperiodic SRS triggering offset applies to all serving cells configured by higher layers for which the group common signalling is applicable.
PHR cut-off time
The PHR cut-off time determines whether a power headroom report for an activated serving cell is based on an actual transmission or a reference format, and/or whether an overlapping PUSCH transmission for another serving cell is considered for computation of the PHR in a PUSCH on a serving cell. If cross-slot scheduling with K2_min>0 is enabled on the serving cell where the PHR is being transmitted, shifting the PHR cut-off time to a slightly later time could potentially accommodate more actual PHRs for other serving cells (see Figure 2) while likely not affecting the processing time required for the PUSCH transmission which carries PHR.
Proposal 11: PHR cut-off time is ‘S’=[1] slot(s) after the slot in which the first DCI after the PHR trigger is received if K2_min>0 corresponding to the first DCI.  
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Figure 2: PHR cut-off time relaxation by 1 slot in case PHR is transmitted on the first component carrier with K2_min=2
Conclusion
In this contribution we discussed our views on cross-slot scheduling and made the following observations and proposals:
Observation 1: Both gNB and UE should be aligned on whether cross-slot or same-slot scheduling is performed in a slot

Observation 2: Depending on UE capability discussion for multi-TRP operation (in terms of PDCCH processing capability), Z could be larger than 1 slot.

Proposal 1: Once the UE receives K0_min/K2_min indication, the UE assumes the indication is applicable to future slots respecting the application delay unless the UE receives another K0_min/K2 indication
· Either K0_min/K2_min indication should be acknowledged by the UE or a validation mechanism similar to PDCCH validation for DL SPS/UL grant type 2 operation should be used

Proposal 2: K0_min/K2_min value is explicitly signaled from a set of configured values.
· The configured K0_min/K2_min values are determined based on UE capability.

Proposal 3: A default value of K0_min/K2_min can be defined per BWP. After the BWP switch, the UE switches back to the default value of K0_min/K2_min for the target BWP.
Proposal 4: Assuming few symbols for change of power state, Z<=2 for 60KHz/120KHz SCS.
Proposal 5: If merits of applying cross-slot scheduling for the case of cross-carrier scheduling with different numerologies are shown, Z=2-3 slots in the numerology of the scheduling cell seems sufficient.

Proposal 6: If the UE receives a K0_min>0 indication for PDSCH transmissions from the first TRP, the UE assumes that PDSCH transmissions from the second TRP are also scheduled with K0_min >0. 
· In that case, the UE is not expected to receive a PDCCH for the second TRP with TDRA entry corresponding to K0_min=0.

Proposal 7: The adaptation on the minimum applicable value of K0 does not apply to slots after the slot in which DL SPS with short periodicity is activated.
Proposal 8: The adaptation on the minimum applicable value of K0 does not apply to a slot in which DCI format with CRC scrambled by MCS-C-RNTI is monitored.
Proposal 9: K2_min is the minimum applicable A-SRS triggering offset. The triggered SRS is not transmitted if the corresponding slotOffset parameter is smaller than K2_min.
Proposal 10: If DCI format 2_3 triggers aperiodic SRS, the minimum applicable value of aperiodic SRS triggering offset applies to all serving cells configured by higher layers for which the group common signalling is applicable.
Proposal 11: PHR cut-off time is ‘S’=[1] slot(s) after the slot in which the first DCI after the PHR trigger is received if K2_min>0 corresponding to the first DCI.  
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