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Introduction
In the RAN1 #98bis [1] meeting, the following was agreed on the procedure of cross-slot scheduling power saving techniques: 
	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 before the 1-bit indication is received within the BWP is determined by
· Option 2: The configured value if one value is RRC configured; The lowest-indexed RRC configured value if two values are RRC configured
FFS Value zero is a valid configuration for the minimum applicable K0/K2 value for the case when two RRC values are configured for the BWP
Agreements:
Value zero is a valid configuration for the minimum applicable K0/K2 value for the case when two RRC values are configured for the BWP
· Detail RRC configuration design is up to RAN2.
Agreements:
For the purpose RRC configuration design, the configured minimum applicable K0/K2 value(s) are a subset of the possible values for those of the existing K0/K2 parameters 
· FFS the detailed subset of values

Agreements:
UE higher layer signalling (detailed mechanisms up to RAN2) of suggested minimum applicable values for K0/K2 (one for each) for applying cross-slot scheduling is supported:
· For each of the all possible SCSs, the values are reported separately
· For same-carrier scheduling, each suggested value is in the range from 1 to 
· 15kHz/30kHz SCS: [2-4] slots
· 60kHz/120kHz SCS: [4-8] slots 
· FFS how to apply the values to the cross-carrier scheduling case in terms of minimum applicable value
Agreements:
For the RRC configuration, the configured minimum applicable K0/K2 value(s) take integer value(s) in the range from 0 to [16]

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




This contribution provides our views on the remaining design issues to achieve improved UE power saving with cross-slot scheduling.
Discussion
Specification of joint Indication of minimum applicable value of K0/K2
In RAN #98, it has been agreed that the 1-bit indication in DCI format 1_1 and/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 an application delay.
Both DCI formats 0_1 and 1_1 should have the 1-bit configurable field. It is inflexible at least from network perspective to rely on either one of 0_1 or 1_1 DCI format. Moreover, there can be data inactivity for a period either in DL or UL. If both DCI formats include the configurable field, a better trade-off between power saving and scheduling flexibility can be achieved based on traffic activity in either direction.
It was agreed that one or two configured values are RRC configured for restriction of active TDRA table and the RRC configuration of minimum values are per BWP. Further consideration is necessary how to map DCI codepoint to a pair of minimum values of K0 and K2.  For instance, assuming two values are configured {min K0_0, min K0_1} for DL BWP and two values are configured {min K2_0, min K2_1} for UL BWP, then, DCI indication of 0 indicates {min_K0_0, min_K2_0} (i.e., pair of lowest indexed minimum value of K0 and K2) whereas indication of 1 indicates {min_K0_1, min_K2_1} (i.e., pair of highest indexed minimum value of K0 and K2). This helps to achieve low configuration overhead.

It is possible that UE may have one or more BWPs where configuration of minimum applicable value of K0/K2 available, whereas some other BWPs may not have such configuration. In our view, the presence of 1-bit field in the DCI can be explicitly indicated via RRC signaling. On the other hand, motivation for application of the 1-bit field for scheduling restriction when UE switches BWP is not clear. Target BWP may or may not have any configured value, and may be larger or smaller than BWP where scheduling DCI was received. Explicit signaling per BWP may better to handle traffic activity within an active BWP, i.e., bit field applies to adaptation in same BWP only. The most common use of DCI triggering BWP switch is traffic and hence, restriction in scheduling right after BWP (which is possibly larger in size) switching is not well justified.
Proposal 1: 
· Bit value 0 of the field indicates lowest indexed values of K0 and K2 if two values are configured or no restriction (i.e., value 0) if one value is configured for K0/ K2. 
· Bit value 1 of the field indicates highest indexed value of K0 and K2.

Proposal 2: The presence of bit field in the DCI to adapt minimum applicable value in the DCI is indicated to the UE via explicit RRC signaling. 

Special Handling in case of miss-detection
If the UE misses the 1-bit DCI indication change of minimum scheduling offset value from a larger (e.g., cross-slot scheduling) to a smaller value (e.g., same slot scheduling), UE may miss the subsequent PDSCH transmission, e.g., if gNB schedules a PDSCH with same slot scheduling in the next slot. UE may identify from the next DCI that minimum value is adapted and after an application delay, UE and gNB can be aligned. Hence, there is a chance UE may occasionally miss a PDSCH due to missed-detection and miss alignment in current minimum applicable value of K0 or K2. However, it is quite less likely event when UE repeatedly misses DCI for a number of consecutive slots. Hence, optimization of such cases may not be necessary. If needed, a timer can be started when a DCI indicates switching from smaller to a larger value so that upon expiry UE can fallback to no restriction or default value, so that chances of further missed PDSCHs are minimized. Introducing HARQ-ACK for PDCCH is inefficient design for such less likely event and moreover HARQ-ACK has to be fed back before application delay ends so that gNb can identify whether UE was able to detect the update of minimum value or not. 
Proposal 3: 
· Optimization involving dynamic operation, such as HARQ-ACK response to PDCCH, to handle miss-detection is not supported
· If needed, a timer can be introduced which starts after DCI indicates highest indexed configured value for minimum applicable K0. Upon expiry of the timer, UE may fallback to default value or no restriction. 
A-SRS
Similar to DL, where minimum applicable value of the aperiodic CSI-RS triggering offset for an active DL BWP is identified to be same as the minimum applicable K0 value, the minimum applicable value of the aperiodic SRS offset can be same as indicated minimum value of K2. Having A-SRS offset value less than indicated minimum value of K2 reduces time for micro-sleep and potentially increase UE power consumption. Therefore, considering minimum applicable value for A-SRS slot offset to be the same as minimum value of K2 ensures the UE will not have to wake up to transmit A-SRS before transmission occasion of PUSCH. 
Proposal 4: Support implicit indication of A-SRS by defining the minimum applicable value the same as the minimum applicable value of K2.
Cross-carrier Scheduling
In case of cross-carrier scheduling, numerologies of the active DL BWP of scheduling CC and active DL or UL BWP of scheduled CC can be different. As the application delay X is calculated in terms of the numerology of the active DL BWP of scheduling cell, a scaling operation is required to calculate Y. X can be calculated as X = max (Y’, Z), where Z stands for the minimal processing time for UE to extract the DCI information based on the numerology of DL BWP in scheduling cell and Y’ (in the numerology of DL BWP of scheduling cell where DCI is received) = Y (in the numerology of active DL BWP of scheduled cell when DCI is received) *  . A ceil or floor operation can be used, such as 
  Y’ =  or   Y’ =  so that Y’ can be expressed in zero or integer number of lots. Similarly for UL BWP in scheduled cell, X can be updated as X = max (Y’, Z), where 
  Y’ =  or   Y’ = , where Y indicates minimum applicable value of K2 in active UL BWP of the scheduled cell at the time of DCI reception.
Proposal 5: For cross-carrier scheduling, existing minimum applicable value of slot offset K0 or K2 is scaled based on the numerology of the DL BWP in scheduling cell for calculating application delay. 

PDCCH monitoring case 1-2 and case 2
Application delay and optimizations considering PDCCH monitoring case 1-2 and 2 was FFS in last meeting. In our view, it is not justified why a UE would be switched to cross-slot scheduling if the UE is monitoring PDCCH based on case 1-2 and case 2. UE supporting monitoring cases 1-2 and 2 is awake almost all the time. Hence, in our view, study of PDCCH monitoring case 1-2 and case 2 in the context of cross-slot scheduling is not strongly motivated.
Proposal 6: Study of PDCCH monitoring case 1-2 and case 2 is deprioritized for specification of cross-slot scheduling procedure. 
. 
1-bit indication during application delay 
There has been some discussion whether UE can be indicated with a different minimum applicable value of K0 or K2 within application delay. In our view, it is unlikely that network would change a minimum applicable value during application delay. And even if it happens, UE would just follow the most recent indication and recalculate application delay. We do not see strong motivation to specify any behaviour in this regard. 
Proposal 7: Specification of UE behavior when a different minimum applicable value of K0/K2 is indicated during application delay is not necessary. 

1. 
0. 
Conclusion
In this contribution, we discuss about the design for cross-slot scheduling power saving techniques. Based on the discussions, we make the following proposals:
Proposal 1: 
· Bit value 0 of the field indicates lowest indexed values of K0 and K2 if two values are configured or no restriction (i.e., value 0) if one value is configured for K0/ K2. 
· Bit value 1 of the field indicates highest indexed value of K0 and K2.

Proposal 2: The presence of bit field in the DCI to adapt minimum applicable value in the DCI is indicated to the UE via explicit RRC signaling. 
Proposal 3: 
· Optimization involving dynamic operation, such as HARQ-ACK response to PDCCH, to handle miss-detection is not supported
· If needed, a timer can be introduced which starts after DCI indicates highest indexed configured value for minimum applicable K0. Upon expiry of the timer, UE may fallback to default value or no restriction. 

Proposal 4: Support implicit indication of A-SRS by defining the minimum applicable value the same as the minimum applicable value of K2.
Proposal 5: For cross-carrier scheduling, existing minimum applicable value of slot offset K0 or K2 is scaled based on the numerology of the DL BWP in scheduling cell for calculating application delay. 
Proposal 6: Study of PDCCH monitoring case 1-2 and case 2 is deprioritized for specification of cross-slot scheduling procedure. 
Proposal 7: Specification of UE behavior when a different minimum applicable value of K0/K2 is indicated during application delay is not necessary. 
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