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Introduction

In RAN1 #96, the following agreements are reached[1].

Agreements:
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 3GPP TSG RAN #83 meeting, a new WI: UE power saving for NR was approved [2]. The objective of the UE power saving includes the following,

Specify power saving techniques with UE adaptation with focus in RRC_CONNECTED mode [RAN1, RAN4] 

Specify the power saving techniques with power saving signal/channel 
Specify the PDCCH-based power saving signal/channel triggering UE adaptation in RRC_CONNECTED

Note: this objective shall not duplicate DRX operation and impact to DRX is studied at RAN2

Note: Any change of PDCCH channel coding and payload interleaver  is not in the scope

Specify the procedure of cross-slot scheduling power saving techniques  
Note: The procedure is in addition to Rel-15 cross-slot scheduling procedure

Evaluate the required switching and interruption times for UE dynamic adaptation to the maximum number of MIMO layers [RAN4]
Note: Switching on/off the RF is part of the evaluation
Note: 

These objectives are RAN1/RAN4 focus and do not consider RAN2 impact. 

The objectives are subject to further update in RAN#84.  The update will be based on recommendations from the completion of RAN2 study and remaining RAN1 recommendations based on the conclusion of RAN1 study.

In this contribution, the procedure of cross-slot scheduling power saving techniques is considered. 

Cross-slot scheduling
After PDCCH reception, whether UE can switch into micro sleep as soon as possible depends on the specified time-domain scheduling restriction. If UE knows in advance that no data is transmitted in next several symbols, UE can turn off some part of the transmission, reception or processing module and go into micro sleep for power saving. In NR Rel-15, slot offset between DCI and its scheduled PDSCH is the value of parameter k0. If the value of k0 is greater than zero, the PDSCH will arrive at k0 slots after PDCCH reception, which can be called cross-slot scheduling. Otherwise, if the value of k0 is equal to zero, the PDSCH and PDCCH will be allocated at the same-slot (same-slot scheduling).  However, gNB transmits data with cross-slot scheduling doesn’t mean that UE can go into micro sleep before blind decoding of all PDCCH candidates. This is because, UE gets the information of k0 only after finishing blind decoding of all PDCCH candidates. If UE can know in advance that it is granted with cross-slot scheduling before blind decoding, UE can have more time for sleep. 

Slot offset between DCI and its triggered CSI-RS is defined by aperiodicTriggeringOffset. If aperiodicTriggeringOffset value can be equal to 0, UE can not go to micro sleep before blind decoding of all PDCCH candidates in case of there is a grant that triggers a set of aperiodic NZP CSI-RS resources. aperiodicTriggeringOffset value need to set greater than zero for cross-slot scheduling. 
Meanwhile, the parameter of k2 for PUSCH scheduling can be set greater than zero for cross-slot scheduling in uplink.

In NR Rel-15, cross-slot scheduling for downlink or uplink has been supported. Further, gNB is able to set a proper time domain scheduling parameter by balancing power saving gain with latency/throughput requirement based on the traffic characteristics or deployment scenarios (URLLC, eMBB, mMTC). For URLLC scenario, cross-slot scheduling should be disabled. 
Observation 1: Cross-slot scheduling for downlink and uplink have been supported for NR Rel-15. UE can reduce power consumption by knowing cross-slot scheduling in advance.  

Proposal 1: For URLLC scenario, cross-slot scheduling should be disabled.
Enable/disable cross-slot scheduling

From the discussion above, the important condition for cross-slot scheduling is that UE can know in advance that whether it is granted with cross-slot scheduling before blind decoding of all PDCCH candidates. 

In this section we discuss the signalling used to inform UE the information about cross-slot scheduling is enabled/disabled. 
Scheme of using DCI  
In this scheme, the bit field of indicating enable/disable cross-slot scheduling is included in DCI. For example field value 0 indicate disable cross-slot scheduling and use same-slot scheduling, value 1 indicate enable cross-slot scheduling. The merit of using DCI is the fast adaptation between cross-slot scheduling and same-slot scheduling can achieved, but this method is difficult to implement. Specifically, if this DCI field is transmitted in the same DCI with the scheduling grant, it does not help UE to go to micro-sleep as UE needs to know the information about cross-slot scheduling after decoding the DCI successfully. If it’s transmitted in a different DCI, the specification impact will be quite complex considering timing issue, UE processing capability and so on.
Scheme of using RRC signal
In this scheme, the information that cross-slot scheduling is enabled/disabled is transmitted in RRC signalling. The information includes a threshold value (or the minimum slot offset value) configured for slot offset, where only the slot offsets in the TDRA table that are larger than or equal to the threshold value can be used. If the threshold value is greater than zero, cross-slot scheduling is enabled. It is a simple scheme to use RRC signal indicating schedule mode with very limited specification impact, but it will cause larger latency for switching between cross-slot scheduling and same-slot scheduling.
The threshold value for different cases may be different. The threshold value should be up to UE capability. Further, if the threshold value is defined in terms of number of slots, different threshold values should be defined for different SCSes.
Observation 2: DCI signalling can achieve fast adaptation between cross-slot scheduling and same-slot scheduling, but this method is difficult to implement.
Proposal 2: It is slightly preferred that RRC signaling is used to indicate whether cross-slot scheduling is enabled or disabled.
Proposal 3: A threshold value for minimum scheduling offset is configured in the RRC signaling. 

Threshold value for K0
In this section, simulation results for cross-slot scheduling with different k0 values and same-slot scheduling are provided.
Power consumption of cross-slot scheduling with different k0 values
Assume that the SSB period is 20ms, and FTP model 3(0.5 Mbytes packet size, mean inter-arrival time 200msec) is used. Figure 1 shows the variation trend of average power consumption under different k0 (k0 ranges from 1 to 32). The DRX configuration is 160-100-8, which represents DRX cycle -inactivityTimer -ON duration values. 
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Figure 1 Power consumption of cross-slot scheduling with different k0

From Figure 1, we can see that a larger k0 for cross-slot scheduling would not bring more power saving gain. While Table 1 shows that larger k0 will cause larger latency. 
Table 1 latency increment of cross-slot scheduling under different k0 values

	k0
	1
	10
	16
	32

	Latency increment
	1.11%
	11.08%
	17.73%
	35.46%


Observation 3: When cross-slot scheduling is used, non-negative k0 value has little effect on average power consumption.

Proposal 4: The threshold value for k0 should be set as a small value which enables cross-slot scheduling but also not introduce significant latency. 

Conclusion

In this contribution, we have the following observations and proposals:

Observation 1: Cross-slot scheduling for downlink and uplink have been supported for NR Rel-15. UE can reduce power consumption by knowing cross-slot scheduling in advance.  

Observation 2: DCI signalling can achieve fast adaptation between cross-slot scheduling and same-slot scheduling, but this method is difficult to implement.
Observation 3: When cross-slot scheduling is used, non-negative k0 value has little effect on average power consumption.

Proposal 1: For URLLC scenario, cross-slot scheduling should be disabled.
Proposal 2: It is slightly preferred that RRC signaling is used to indicate whether cross-slot scheduling is enabled or disabled.
Proposal 3: A threshold value for minimum scheduling offset is configured in the RRC signaling. 

Proposal 4: The threshold value for k0 should be set as a small value which enables cross-slot scheduling but also not introduce significant latency. 
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