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Introduction
In last RAN1 97 meeting [1], power saving scheme with cross-slot scheduling is discussed. In addition, it is agreed that a UE could be indicated via L1-based signaling(s) from gNB to adapt the minimum applicable value(s) of K0, K2 and/or aperiodic CSI-RS triggering offset. While there are more details are FFS, including:
· 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.
· Companies are encouraged to check the related proposal for the application delay.
· FFS: Z > 1 for 60kHz/120kHz SCS or multi-TRP
· FFS: Cross-carrier scheduling with different numerologies
· FFS: interruption time, if any
This contribution is discussed that the design details of cross-slot scheduling for UE power saving. 

Indication of the minimum application value
Based on RAN1#97 agreements, to adapt the minimum applicable value of K0 (K2) for an active DL (UL) BWP, indication of the minimum applicable value is supported. While it is FFS that cross-slot scheduling could be indicated via direction assignment and/or implicit indication. The details are discussed in this section. 
· 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.
The minimum application value for K0(K2) could be explicitly indicated  in PDCCH-based power saving signal/channel.  One or multiple values could be preconfigured or predefined by high layer signaling.  E.g., minimum application value for K0(K2)=X0, X1, X2, X3. PDCCH-based power saving signal could use 2-bit as indication. 
Table 1 Example of minimum application value indication
	Index 
	Bitmap
	Minimum application value

	0
	00
	X0

	1
	01
	X1

	2
	10
	X2

	3
	11
	X3


With direct indication, a different minimum applicable value could be indicated by power saving signal/channel dynamically outside or within Active Time.  The minimum value changes among minimum application values, along with the BWP operation.   
Table 2 Example of minimum application value indication
	Index 
	Same-slot or cross-slot
	Minimum application value

	0
	Same-slot
	0

	1
	Cross-slot
	Mi


The 1 bit minimum application value indication is indication is flexible enough for minimum applicable values value when it changes cross-slot scheduling and same slot scheduling.
Proposal1: To adapt the minimum applicable value of K0 (K2) for an active DL (UL) BWP, explicit indication of the minimum application value, indication of one value from one or multiple preconfigured or predetermined value(s) could be supported.

Application delay value
In RAN1#97 meeting, it is discussed application delay value, and companies are encouraged to check the following proposal for the application delay: 
Conclusion:
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
· [bookmark: OLE_LINK9][bookmark: OLE_LINK10]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 configuration
The Z value is FFS for 60KHz/120KHz SCS or multi-TRP where Z is the smallest feasible non-zero application delay that depends on DL SCS and UL SCS for K0 and K2. Within Z duration, UE could finish PDCCH reception, PDCCH decoding, and new parameter application. The length of the interruption time  X could be configured as (1,1,3,5)slots for SCS(15KHz,30KHz,60KHz,120KHz) respectively in [2]. The PDSCH processing time for different PDSCH processing capability are specified in [3]. The PDSCH processing capability 1, the processing time of (8,10,17,20) symbols are specified for SCS (15KHz, 30KHz, 60KHz, 120KHz) respectively. 

Based on the reference values, it could be further considered Z value as (1,1,2,4)slots for SCS(15KHz, 30KHz, 60KHz,120KHz).

Furthermore, considering multi-TRP, up to 2TRPs per UE could be supported based on agreements. And latency between TRPs is smaller than CP. So multi-TRP could not introduce additional application delay value for Z. On the other hand, it is not expected to configure different type cross-slot scheduling information for power saving purpose. E.g., if minimum application value K0 of TRP1 is configured as 0slot, TRP2 could be configured as 0slot, rather than 1slot.

Proposal2: Z value could be configured as (1,1,2,4)slots for SCS(15KHz, 30KHz, 60KHz, 120KHz).

Cross-carrier scheduling with different numerologies
The processing time of the cross-carrier scheduling with different numerologies is FFS. Furthermore, there are two issues that could be discussed. Firstly, whether delta-value for lower SCS PDCCH to higher SCS PDSCH of  CCS has influence on Z value or not. Secondly, the relationship between cross-carrier scheduling with different numerologies and cross-slot scheduling could be further considered.

It was agreed in RAN1#97 that delta-value for lower PDCCH to higher SCS PDSCH is configured as (4 symbols, 8 symbols) for SCS (30KHz, 60KHz), which mainly consider to reduce data buffer capacity. Cross-carrier scheduling with different numerologies would have impact on the Z value.  Based on Z-value configuration analysis, when Z value is configured as (1,1,2,4) slots for SCS(15KHz, 30KHz, 60KHz,120KHz), cross-carrier scheduling with different numerologies have no additional impact on application delay.
Proposal3: Z value could be configured as (1,1,2,4)slots for SCS(15KHz, 30KHz, 60KHz, 120KHz ) for both self-carrier scheduling and cross-carrier scheduling.

About cross-carrier scheduling with different numerologies, different Carrier with different BWP could be configured as different SCSs, so different K0(K2) per BWP per CC could be supported by UE. The BWP switching incurs at the scheduling CC association with cross-slot scheduling, e.g., CC0 with BWP0 scheduled CC1with BWP0 using application value K0_min>=2. When scheduling CC1 needs to switch its BWP from BWP0 to BWP1, the BWP switching indication would be better to transmit after the PDSCH reception on CC1 with BWP0 using cross-slot scheduling as shown in Figure 1.





(1) Scheduling CC and BWP switching                     (2)scheduled CC and BWP switching
Figure 1 Cross-slot scheduling with BWP switching
Proposal4: when cross-carrier scheduling is configured, scheduled CC could switch its active BWP after slot that scheduling PDSCH reception procedure is finished. 
When scheduled CC and scheduling CC have  different SCS with cross-carrier scheduling,  e.g., CC1 is configured as BWP0 with 15KHz SCS and BWP1 with 30KHz SCS as shown in Figure 2, minimum application value K0 is configured to be  larger than 1 slot BWP switching latency is configured as 1slot for 15KHz SCS. When scheduled CC1 needs to switch BWP from BWP0 to BWP1, minimum K0 value should be changed to more than 2slot to incorporate additional processing time of the BWP switching latency.



Figure 2 minimum application value for cross-carrier scheduling
Proposal5: minimum application value could be considered BWP switching latency. 
Conclusion 
In this contribution, UE adaptation with cross- slot scheduling are discussed and analysed.  We have the following proposals, 
Proposal1: To adapt the minimum applicable value of K0 (K2) for an active DL (UL) BWP, explicit indication of the minimum application value, indication of one value from one or multiple preconfigured or predetermined value(s) could be supported.
Proposal2: Z value could be configured as (1,1,2,4)slots for SCS(15KHz, 30KHz, 60KHz, 120KHz).
Proposal3: Z value could be configured as (1,1,2,4)slots for SCS(15KHz, 30KHz, 60KHz, 120KHz ) for both self-carrier scheduling and cross-carrier scheduling.
Proposal4: when cross-carrier scheduling is configured, scheduled CC could switch its active BWP after slot that scheduling PDSCH reception procedure is finished. 
Proposal5: minimum application value could be considered BWP switching latency. 
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---------------------------------------------------Text Proposal----------------------------------------------------------------------------
[bookmark: _Toc510988164]5.1.2	Resource allocation
[bookmark: _Toc510988165]5.1.2.1	Resource allocation in time domain
When the UE is scheduled to receive PDSCH by a DCI, the Time domain resource assignment field of the DCI provides a row index of a higher layer configured table pdsch-symbolAllocation, where the indexed row defines the slot offset K0, the start and length indicator SLIV, and the PDSCH mapping type to be assumed in the PDSCH reception.
Given the parameter values of the indexed row:

-	The slot allocated for the PDSCH is , where n is the slot with the scheduling DCI, and K0 is based on the numerology of PDSCH, and
-	The starting symbol S relative to the start of the slot, and the number of consecutive symbols L counting from the symbol S allocated for the PDSCH are determined from the start and length indicator SLIV:

if  then


else 



where, and
-	The PDSCH mapping type is set to Type A or Type B as defined in sub-clause 7.4.1.1.2 of [4, TS 38.211].
-  To adapt the minimum applicable value of K0 (K2) for an active DL (UL) BWP, it should explicit indication of the minimum application value(s).
-   For BWP switching, minimum application value of K0’ (K2’)= max(Tbwp_swithing_delay,K0(K2)), where, Tbwp_swithing_delay is BWP switching latency.
-   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 = (1,1,2,4)slot(s) when PDSCH or PUSCH is configured as (15KHz, 30KHz,60KHz, 120KHz) SCS.
· For cross-carrier scheduling with different numerologies, scheduled CC could switch its active BWP after slot that scheduling PDSCH reception procedure is finished.
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