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1 Introduction
Cross-slot scheduling for power saving is progressed in the previous RAN1 meeting: 
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

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. Measurement and other related issues are also discussed.
2 The UL/DL BWP switching for minimum scheduling K values
A DL/UL BWP can be configured with minimum k0/k2 values, respectively. The k values configured to that BWP will be taken into effective when the BWP is activated. The default behaviour would be based on certain cross-slot k value depending on the configuration. The DCI based BWP switching is actually per DL/UL BWP. If that BWP switching happened, the corresponding BWP will have a certain activated minimum k value, based on the agreements.

In that case, the newly applied k2 value for the new UL BWP may not have same power saving timeline for k0 of the activated DL BWP. Then, UE have to take the minimum processing time between k2 and k0. The UE implementation can take care of the adaptation but it not perfectly realized the power saving of UE side. As result of BWP switching, the UE may unnecessarily trigger to a power saving processing of exit a power saving processing. 
We do not need introduce a combination indication of k0+k2 to address the issue. If the combination of k0+k2, it have to be associated with a DL BWP or UL BWP and may not even optimize the above issue.

Observation 1: If a BWP switching happened, the new BWP will apply minimum k values from its configuration of Ks. The joint indication in DCI will point to the configured Ks for that BWP.  
3 Indication of minimum k among different BWPs
The agreement of minimum k without DCI indication for a newly activated BWP should also be applicable to dormancy behaviour. In the context of introducing of dormancy BWP, the switching of BWP without cross-slot indication would be frequent. This frequent triggering of power saving processing can be alleviated by right ‘default’ minimum k, e.g. if power saving is more often, the ‘default’ value is larger k. In that case, it does not needed to stay with earlier activated non-dormancy BWP’s cross-slot state.

However, when BWP is switched by DCI with 1-bit indication of minimum k, the indication is applicable to new BWP.

Proposal 1: In new BWP with minimum k configured and activated DCI based BWP switching, UE follow the 1-bit cross-slot indication in the DCI format of triggering that BWP switching.
DCI size determination on switching between different BWPs should be taken into account. Since we only configure the minimum k to BWP, then the 1 bit field of cross-slot indication should taking into account both activated DL and UL BWPS. If one activated DL BWP or UL BWP is configured with minimum k values, the field should be reserved in both DCI formant 1-1 and 0-1. Otherwise, the field is removed.
Proposal 2: If one activated DL BWP or UL BWP is configured with minimum k values, the cross-slot indication field should be reserved in both DCI formant 1-1 and 0-1. Otherwise, the field is removed.
4 BWPs and different SCSs

4.1 Application time of minimum k for different SCSs

We have converged for the issue of same-carrier scheduling and at least for PDCCH monitoring case 1-1. We agreed a minimum value X = max(Y, Z) for the active DL BWP. Attached to only DL BWP will make it easier to specify considering the UL and DL BWP will be switched independently. 
With this application delay X, it set an adaptation time to apply 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.

Further considering the cross-carrier scheduling case, the scheme can be to apply the indicated minimum applicable value after X symbols in SCS of DL BWP of scheduling carrier from the DCI. The activated DL BWP in scheduling DCI would be same. Among different BWPs/carriers with different SCSs, there would be alignment issues since the minimum k is configured independently to each BWP. However, those values are both implementation dependent and SCS dependent.  
Proposal 3: For cross-carrier scheduling case, UE apply the indicated minimum applicable value after X symbols in SCS of DL BWP of scheduling carrier from the DCI with the indication.
4.2 Alignment to BWPs with different SCSs
For same-carrier scheduling, it is understood that the RAN1#98 meeting agreement already cover the case of DCI indicate both BWP switching and new minimum k value in DCI. In that case, the SCSs could be different for BWPs. As defined in Rel-15, following framework for BWP switching delay is also applicable.

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.”

We also have large range of k values agreed in RAN1 #98bis meeting. The about value may be smaller than minimum k. And then, the X could be longer than above. Thus, in case of different SCS after BWP switching by DCI, the scheme can be considered to apply the absolute time equal to X symbols in SCS of DL BWP transmitting the DCI indicating the minimum k. As an alternative, it can be expressed in number of X symbols of the new DL BWP multiply the ratio of SCSs as proposed earlier. However, it may require more specification effort. Note, it is only about transition behaviour
 Proposal 4: In case of different SCS after BWP switching by DCI, UE apply the absolute time equal to X symbols in SCS of DL BWP transmitting the DCI indicating the minimum k.
5 Combination of different processing time-lines for power saving

Considering the combination of different processing time-lines for power saving will not give further RRC impact. The following point still can be considered.
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 with cross-slot minimum k0, 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.
6 Measurement timing for cross-slot scheduling
Agreed in principle, 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. In spec, following bullet like this can capture it. 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. For simplicity, the offset could be a semi-static one and not less than configured k2. If it dynamically indicated, we should consider avoiding interference by SRS in wrong location due to miss detection of PDCCH.
Proposal 6: UE associate a larger SRS triggering offset in case UE is indicated with cross-slot scheduling.
7 Search spaces 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 7: Cross-slot indication is not supported by fallback DCI in common search space.
8 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 observation based on understanding of agreements and proposals.
Observation 1: If a BWP switching happened, the new BWP will apply minimum k values from its configuration of Ks. The joint indication in DCI will point to the configured Ks for that BWP.  
Proposal 1: In new BWP with minimum k configured and activated DCI based BWP switching, UE follow the 1-bit cross-slot indication in the DCI format of triggering that BWP switching.
Proposal 2: If one activated DL BWP or UL BWP is configured with minimum k values, the cross-slot indication field should be reserved in both DCI formant 1-1 and 0-1. Otherwise, the field is removed.
Proposal 3: For cross-carrier scheduling case, UE apply the indicated minimum applicable value after X symbols in SCS of DL BWP of scheduling carrier from the DCI with the indication.
Proposal 4: In case of different SCS after BWP switching by DCI, UE apply the absolute time equal to X symbols in SCS of DL BWP transmitting the DCI indicating the minimum k.
Proposal 5: In power saving mode with cross-slot minimum k0, 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 associate a larger SRS triggering offset in case UE is indicated with cross-slot scheduling.
Proposal 7: Cross-slot indication is not supported by fallback DCI in common search space.
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