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1 Introduction
WID scope for Power saving was updated in RAN #84. It was stated that the RAN4 could specify corresponding requirements about applicable time of cross-slot scheduling. The discussion should also base on the progressed in 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).
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:

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 MAC RAR for at least contention-based RACH procedure.

· FFS: Exclude contention-free RACH 

· FFS: Exclude PUSCH scheduled with TC-RNTI

Agreements:

· 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:

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 this contribution, we further discussed mechanism of supporting of cross-slot scheduling to achieve power saving gain during the period of a scheduling PDCCH and the associated PDSCH/PUSCH. PUCCH feedback and CSI feedback are also discussed with more consideration.
2 Applicable timing offsets for cross-slot scheduling 
2.1 k0 value or other Ks
K0 and k2 are agreed to have minimum timing offsets between PDCCH and PDSCH/PUSCH. If we only consider the PDCCH decoding time, and do not relax the PDCCH/PDSCH decoding timing and PUSCH preparing time. Then the real configured minimum k0 can be larger than 0 and minimum k2 can be 0 in the same time. 
Another use case could be taken into account relaxation of PDCCH/PDSCH/PUSCH decoding/preparing time. There are 2 ways. One is slowing down PDCCH decoding and speeds up for the rest. Thus, the k1 do not need to be set with a minimum value. Another way is slowing down all process, which could be quite straightforward for UE. And this will require a longer k1 in the configuration. The relaxing on all processing timelines could allow slower UE’s baseband operation with a lower clock frequency which is effective ways to realize more power saving. It is understood that we have not support yet the latter one with current agreement.
The study results summarized in power saving TR does not preclude normal PDCCH processing. It is also reasonable to support slow PDCCH/PDSCH/PUSCH decoding/preparation. 
Proposal 1: RAN1 should support configuration with minimum k0>0 and minimum k2=0.
2.2 Larger Ks values
k0=1 should be supported as discussed to dealing with normal PDCCH processing. In many cases, minimum applicable value larger than 1 need to be used, as we also discuss the possibility of slowing down the PDCCH processing. Under the situation that we have more cross-slot states to be supported, the more that 1 DCI triggering bits is under consideration. If the cross-slot scheduling can switch between multiple cross-slot gaps, it means the system needs to adapt to multiple level of hardware suppression on to UE. And, those different levels will match to different traffic based on gNB prediction. However, those gNB predictions are not so accurate and dynamic. In our view, the PDCCH triggering selection of minimum K values, 1 DCI bit could be sufficient. 
In addition to number of DCI bits been used for Ks indication, each indication state may need to be associated with exacted k0 and k2 values. The configuration of states for indication should be done by RRC signalling. Then indication should be flexible to accommodate different traffic, power saving level and scenarios. It could have a UL/DL symmetric state like k0=1&k2=0, k0=2&k2=1 and so on. UL/DL asymmetric state can be also supported by states with different time-gap for UL and DL.
Intuitively, this can be done by indentifying minimum applicable value for each parameter, e.g. k0, k2. Then, the discrete values of k0 and k2 can be associated in pair and attached to a cross-slot scheduling state. Moreover, minimum A-CSI triggering offset values are given and associated with those cross-slot states. For simplicity, minimum A-CSI triggering offset can be same as k0. The cross-slot scheduling state is consider to indicated by normal scheduling PDCCH to achieved dynamic signalling.
Proposal 2: Cross-slot scheduling states defined by combination of k0 and k2 values is introduced.

A cross-slot scheduling state is indicated by normal scheduling PDCCH to achieved dynamic signalling.
Cross-slot scheduling should support configuration with minimum k0 and k2 lager than 1. 
2.3 BWPs and different SCSs
It was proposed that BWP switching can be enhanced to support more power saving. And since BWP switching will be continuously supported, we should consider cross-slot switching and BWP switching happen in same time. A UE can switch to smaller BWP to save power. Rel-15 allows a different SCS to be switched. 
The targeted BWP switching would be DCI-based BWP switching, since the mechanism would be more efficient. There are switching requirements in Table 1[38.133] for the time in number of slots after the UE receives BWP switching request at a slot. UE shall be able to receive PDSCH (for DL active BWP switch) or transmit PUSCH (for UL active BWP switch) on the new BWP on the cell in certain time.
Table 1: BWP switch delay

	[image: image1.wmf]m


	NR Slot length (ms)
	BWP switch delay TBWPswitchDelay (slots)

	
	
	Type 1Note 1
	Type 2Note 1

	0
	1
	[1]
	[3]

	1
	0.5
	[2]
	[5]

	2
	0.25
	[3]
	[9]

	3
	0.125
	[6]
	[17]

	Note 1:
Depends on UE capability.

Note 2:
If the BWP switch involves changing of SCS, the BWP switch delay is determined by the larger one between the SCS before BWP switch and the SCS after BWP switch.


The behavior during switching time is to restrict PDSCH reception or PUSCH transmission. However, it is also applicable to PDCCH monitoring in new BWP as it state:“The UE is not required to transmit UL signals or receive DL signals during time duration TBWPswitchDelay on the cell where DCI-based BWP switch or timer-based BWP switch occurs.”

Under this perspective, the cross-slot switching should be UE-specifically configured with gaps defined for different SCS. Then, a cross-slot state will have a correspondent values for each SCS. Then we can consider a cross-slot switching time for different SCSs and introduce a SCS-dependent formula for the effective time. In the other perspective, the current TDRA tables are configured individually for pusch-Config to each BWP. If we have to follow the per BWP configuration, the cross-slot state switching do not need to take different SCSs into account.

And, cross-slot scheduling can be considered to maximize the power saving. A dynamic turning-on of a SCell will facilitated fast data transmission and help for power saving. 

Proposal 3: 

Considering BWP switching together with cross-slot switching

If the cross-slot switching is UE-specifically configured with gaps defined for different SCSs, a cross-slot state will have a correspondent values for each SCS.

If the cross-slot switching is BWP-specifically configured, it doesn’t take different SCSs into account. The minimum Ks will be configured for each BWP.
Considering cross-carrier scheduling together with cross-slot switching
2.4 Ks value association between different ks 
There are limited states of cross-slot scheduling to be indicated, it is not efficient to take dedicated DCI bits for k0 and K2 as discussed in above. Further, the configuration of ks need to taken into account several aspects.
There are differences in DL and UL. The k0 depends only on the decoding time of PDCCH. However, the k2 will depending on timing advance of that UE. The remaining K2 after removing timing advance shortens sleeping time of UL grant decoding.
Since Rel-15, the PDCCH decoding already take into account different numerologies. The maximum number of blind decodes is decreasing with increasing of SCS. The number of channel estimation of PDCCH is also scaled according SCS. As mentioned in previous contribution, the PUSCH processing time is depending on SCS. The
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is depending on SCS. 
Proposal 4: To accommodate more cases of power saving, minimum k0 and k2 can be independently combined by RRC configuration.
Two possible Power Saving scheme of UE processing was discussed in last meeting. One scheme is: UE only need to slow down PDCCH decoding clock. UE will return to normal state of PDSCH decoding and PUSCH preparation, once it successfully acquired the DCI information. Another scheme is: UE will rely on one clock for PDCCH decoding, PDSCH decoding and PUSCH preparation. In that sense, if UE slow down PDCCH, it has to slow down the whole process including PDSCH decoding. In that sense, the discussion of k1 is meaningful as we do not want to exclude potential power saving implementation.
3 Combination of different processing time-lines for power saving

As discussed in previous contribution, power efficiency is not maximized when the cross-slot scheduling is enabled and PDCCH have to be monitored in every slot. In the case, the PDCCH-to-PDSCH processing is only saved in power consumption by cross-slot scheduling. Unchanged PDCCH search space monitoring periodicity will results in unnecessary power consumption. 
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Figure1. PDSCH transmission in all slots with cross-slot scheduling
In Figure1, the UE is configured with scheduling PDCCH in every slot and minimum k1=1. Then, it is possible that the UE receive DL signal for every slot. The buffering of whole band is not needed and thus some power can be saved. However, the power saving effect is not maximized due to the RX is turned on in most of time. 
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Figure2. Switching to PDSCH transmission with cross-slot scheduling and larger PDCCH monitoring periodicity
Instead, we can consider restricting the PDCCH monitoring periodicity in the power saving mode as shown in Figure2. The UE specific PDCCH search space periodicity can be restricted to multiple of (min(k0)+1), e.g. 2 slot periodicity for k0=1.  The cross-slot scheduling is switched with the corresponding monitoring periodicity.
Proposal 5: In power saving mode, The UE specific PDCCH search space monitoring periodicity can be restricted to multiple of (min(k0)+1).
The switching of cross-slot scheduling can be associated with adaptation of PDCCH search space monitoring periodicity.
4 Measurement timing for cross-slot scheduling
To adapt the aperiodic CSI-RS triggering offset for an active DL BWP, implicit indication by the applicable value of the offset could be as same as the applicable k0 value. This can ensure UE turning off the receiver after PDCCH. Since CSI-RS should not be further delay, CSI-RS may not need to be transmitted later than the minimum cross-slot gap. A solution could be, associating the default CSI-RS triggering offset with at least the minimum applicable k0 of a UE cross-slot scheduling state.
Proposal 6: UE is associated with the default CSI-RS triggering offset to at least minimum applicable k0 of a UE cross-slot scheduling state, in the case that all the associated trigger states do not contain QCL Type D information.
For SRS, if the minimum PDCCH-to-PUSCH is to be extended for purpose of slowing-down UE process and power saving, the aperioidc SRS may also to be associated with a larger offset. 
Proposal 7: UE associate a larger SRS triggering offset in UE power saving state/mode.
5 Timing for minimum applicable Ks values
For cross-slot switching in the power saving signal, the timing of minimum applicable k0 and k2 can be taken into effect in the beginning of active time. That means a UE can assume minimum k0 and k2 and enter into a designated cross-slot state for certain power level.
However, the cross-slot indication in scheduling DCI will support more dynamic switching. Then, the k0 give the gap for the next receiving of DL signals including PDCCH. Thus, the cross-slot state is reached after time equivalent to k0 slots from the PDCCH with cross-slot switching. The k0 is for the cross-slot state before the switching. If the cross-slot switching can support DCI based switching of BWPs with different SCSs as discussed in above, then the time should taken the different u into account.
Proposal 8: A new indicated cross-slot state is reached after time equivalent to k0 slots from the PDCCH with cross-slot switching. The k0 is for the cross-slot state before the switching.
6 Scope of applying minimum scheduling offsets
In RAN1 #96bis, there are also conclusions for the scope of DCI to be supported with cross-slot scheduling.

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


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
	


· K2 related:

	RNTI
	PDCCH search space

	PUSCH scheduled by MAC RAR as described in subclause 8.2 of TS 38.213

	C-RNTI, TC-RNTI, CS-RNTI
	

	MCS-C-RNTI
	


The main motivation for not support SI-RNTI, RA-RNTI, TC-RNTI and P-RNTI in type0~2 common search space is the ambiguous DCI size and TDRA scheduling assumption will prevent a common decoding of  paging, random access and system broadcast information. 
For C-RNTI in other search spaces DCI size of fallback in common search space will have ambiguous problem as well since the both UL grant and DL assignment should be configure with a cross-slot scheduling. Thus, it would be preferred to not support this field DCI size of fallback in common search space. The uncertain period of changing of cross-slot minimum applicable value set configuration would be controlled by scheduler, since there are always 1 TDRA table is used in an active BWP.
Proposal 9: Cross-slot indication is not supported by fallback DCI in common search space.
7 Conclusion

In this contribution, we discussed on cross-slot scheduling for NR power saving. For standardization, a common understanding of UE power saving timelines should be introduced. The related behaviours can be considered to be associated with a pre-defined power saving state/mode. As summary, we made the following proposals.
Proposal 1: RAN1 should support configuration with minimum k0>0 and minimum k2=0.
Proposal 2: Cross-slot scheduling states defined by combination of k0 and k2 values is introduced.

A cross-slot scheduling state is indicated by normal scheduling PDCCH to achieved dynamic signalling.
Cross-slot scheduling should support configuration with minimum k0 and k2 lager than 1. 
Proposal 3: 

Considering BWP switching together with cross-slot switching

If the cross-slot switching is UE-specifically configured with gaps defined for different SCSs, a cross-slot state will have a correspondent values for each SCS.

If the cross-slot switching is BWP-specifically configured, it doesn’t take different SCSs into account. The minimum Ks will be configured for each BWP.

Considering cross-carrier scheduling together with cross-slot switching
Proposal 4: To accommodate more cases of power saving, minimum k0 and k2 can be independently combined by RRC configuration.
Proposal 5: In power saving mode, The UE specific PDCCH search space monitoring periodicity can be restricted to multiple of (min(k0)+1).
The switching of cross-slot scheduling can be associated with adaptation of PDCCH search space monitoring periodicity.
Proposal 6: UE is associated with the default CSI-RS triggering offset to at least minimum applicable k0 of a UE cross-slot scheduling state, in the case that all the associated trigger states do not contain QCL Type D information.
Proposal 7: UE associate a larger SRS triggering offset in UE power saving state/mode.
Proposal 8: A new indicated cross-slot state is reached after time equivalent to k0 slots from the PDCCH with cross-slot switching. The k0 is for the cross-slot state before the switching.
Proposal 9: Cross-slot indication is not supported by fallback DCI in common search space.
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