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Introduction
In RAN1 meeting #97, the following are agreed for cross-slot scheduling based power saving [1]:

Agreement:
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).

Agreements:
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.
· FFS: How the indicated minimum applicable value is applied to the selection of a DL (UL) TDRA entry. Example directions include at least the following:
· Excluding the invalid TDRA entries
· Re-interpret the selected K0 (K2) value

Agreements:
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.
· FFS: Exclude contention-free RACH 
· FFS: Exclude PUSCH scheduled with TC-RNTI

Agreement:
· 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.
Agreements:
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) 

Agreements:
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

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


Based on the above agreements, the following topics will be addressed in this contribution:
· Adaptation to cross-slot scheduling
· Remaining details for the indication design
· Specification of the adaptation delay
· Realizing power saving during data inactivity
· Adaptation of aperiodic SRS slot offset 

Adaptation to Cross-Slot Scheduling
Remaining details for the indication design
For specifying the remaining details for the indication design, we address the first FFS in the following agreement:

	Agreements:
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.
· FFS: How the indicated minimum applicable value is applied to the selection of a DL (UL) TDRA entry. Example directions include at least the following:
· Excluding the invalid TDRA entries
· Re-interpret the selected K0 (K2) value



Regarding utilizing the scheduling DCI for the indication during Active Time, minimized number of additional bits should be targeted in order not to impact the coverage of the scheduling DCI. Among the three possible candidates in the FFS, we suggest: Indication of one value from one or multiple preconfigured or predetermined value(s) and implicit indication. More specifically, we have the following proposals:

[bookmark: _Ref7808724][bookmark: _Ref7811492][bookmark: _Ref16937931]Proposal 1: One or more multiple sets of minimum applicable values for K0 and K2 are configured for each DL BWP, and one set is specified as the default set.
[image: ]

[bookmark: _Ref7811503][bookmark: _Ref16937945]Proposal 2: If the set index is indicated via DL scheduling DCI, the corresponding minimum applicable values for K0 and K2 are applied to active DL and UL BWPs.
[bookmark: _Ref16937956]Proposal 3: For the case DL BWP is switched not by DL scheduling DCI (e.g., triggered by BWP timer expiration), the default set in the active DL BWP after switch is applied.
[image: ]
Specification of the adaptation delay
For the application, we start with addressing the FFS items in the following conclusion:
	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





For the Z value, the short slot duration for 60KHz or 120 KHz SCS should be considered:
[bookmark: _Ref7808730][bookmark: _Ref7808713][bookmark: _Ref16937962]Proposal 4: For the smallest feasible non-zero application delay, i.e., Z value, the following numbers depending on DL SCS are suggested:
	 (SCS = )
	NR Slot length (ms)
	Z value (in unit of slot)

	0
	1
	1

	1
	0.5
	1

	2
	0.25
	2

	3
	0.125
	2


On the other hand, since there is no UE RF settling issue for the adaptation to cross-slot scheduling, there should be no interruption time required.

[bookmark: _Ref16937967][bookmark: _Ref16938038]Proposal 5: There is no data interruption time for the adaptation to cross-slot scheduling.

Realizing power saving during data inactivity
In Table 1, there compare the power saving gains with and without the adaptation to cross-slot scheduling during data inactivity and within Active Time with PDCCH monitoring. It can be observed that 21% power saving gain can be realized if cross-slot scheduling can be timely applied during data inactivity.

[bookmark: _Ref7777177]Table 1: Power consumption for FTP traffic model with and without cross-slot scheduling adaptation
	
	FTP without WUS
(baseline)
	FTP with WUS and without cross-slot scheduling during data inactivity
	FTP with WUS and cross-slot scheduling during data inactivity

	Average power consumption
	52.33
	49.70
	41.24

	Power saving gain
	N/A
	5%
	21%



If adaptation to cross-slot scheduling during Active Time is indicated by scheduling DCI, there is no scheduling DCI during data inactivity. If gNodeB indicates cross-slot scheduling along the scheduling DCI of the last TB of a data burst, it is likely UE fails PDSCH decoding while entering cross-slot scheduling as indicated. The retransmissions need to be scheduled to UE using cross-slot scheduling. To resolve this issue, a simple way is allow UE to enter cross-slot scheduling only when UE correctly decodes the scheduled PDSCH. More specifically, we have the following proposal:

[bookmark: _Ref16938043]Proposal 6: If DL scheduling DCI is used to indicate adaptation to cross-slot scheduling, UE switches to cross-slot scheduling only when it correctly decodes the scheduled PDSCH.

Adaptation of Aperiodic SRS Slot Offset
In TR, it is agreed requiring K2 > 0 is to avoid the requirements of fast PDCCH processing. It is understood that being able to extend/relax UE processing timeline is beneficial for UE power saving. 

	· Cross-slot scheduling    
·  Minimum K0 > 0 and aperiodic CSI-RS triggering offset is not within the duration - UE could switch to micro sleep after PDCCH reception – no addition PDSCH and CSI-RS signals reception within the given duration (e.g. the same slot)
· It is known to the UE at PDCCH decoding
· Extended micro sleep time and reduce the PDCCH processing in reducing UE power consumption 
· Minimum K2 > 0 is essential to avoid the requirements of fast PDCCH processing
· UE assistance information can be considered



In Rel-15 NR, aperiodic SRS slot offset is configurable, and UE is required to perform fast PDCCH processing if the slot offset is small. When UE processing timeline is expected to be relaxed via adaptation on K2 value, a small aperiodic SRS slot offset can however dominate UE processing timeline. 

To realize effective power saving with Rel-16 adaptation to cross-slot scheduling, the following proposal, analogous to bundling K0 and aperiodic CSI-RS triggering offset, is suggested:
[bookmark: _Ref16938047]Proposal 7: To adapt the minimum applicable value of the aperiodic SRS slot offset for an active UL BWP, implicit indication by defining the minimum applicable value the same as the minimum applicable K2 value when indicated is supported.

Regarding the adaptation to K1 value, we suggest a more semi-static manner since UE processing timeline is sophisticated optimization and dynamical change in critical timing parameter is not preferred. Instead, the processing timeline parameters, K1 and K2, and be suggested from UE via assistance information. In this way, gNodeB can assist UE to optimize the processing timeline and reduce UE baseband processing power for user applications with moderate latency requirements [2].

[bookmark: _Ref16938067]Proposal 8: Processing timeline parameters, K1 and K2, can be suggested by UE via assistance information. A proper semi-static adaptation help UE to optimize the power consumption for user applications with moderate latency requirements.

 Conclusions
In this contribution, we specify the remaining details for the adaptation to cross-slot scheduling. In particular, the following are provided:

Proposal 1: One or more multiple sets of minimum applicable values for K0 and K2 are configured for each DL BWP, and one set is specified as the default set.

Proposal 2: If the set index is indicated via DL scheduling DCI, the corresponding minimum applicable values for K0 and K2 are applied to active DL and UL BWPs.

Proposal 3: For the case DL BWP is switched not by DL scheduling DCI (e.g., triggered by BWP timer expiration), the default set in the active DL BWP after switch is applied.

Proposal 4: For the smallest feasible non-zero application delay, i.e., Z value, the following numbers depending on DL SCS are suggested:
	 (SCS = )
	NR Slot length (ms)
	Z value (in unit of slot)

	0
	1
	1

	1
	0.5
	1

	2
	0.25
	2

	3
	0.125
	2



Proposal 5: There is no data interruption time for the adaptation to cross-slot scheduling.

Proposal 6: If DL scheduling DCI is used to indicate adaptation to cross-slot scheduling, UE switches to cross-slot scheduling only when it correctly decodes the scheduled PDSCH.

Proposal 7: To adapt the minimum applicable value of the aperiodic SRS slot offset for an active UL BWP, implicit indication by defining the minimum applicable value the same as the minimum applicable K2 value when indicated is supported.

[bookmark: _GoBack]Proposal 8: Processing timeline parameters, K1 and K2, can be suggested by UE via assistance information. A proper semi-static adaptation help UE to optimize the power consumption for user applications with moderate latency requirements.
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