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Introduction
At RAN #83 meeting, a new work item (WI) on UE power saving in NR was approved [1]. One objective of the WI is to specify the power saving techniques with UE adaptation with focus in RRC_CONNECTED mode. In particular:
a) Specify the power saving techniques with power saving signal/channel 
i) Specify the PDCCH-based power saving signal/channel triggering UE adaptation in RRC_CONNECTED
ii) Note: this objective shall not duplicate DRX operation and impact to DRX is studied at RAN2
iii) Note: Any change of PDCCH channel coding and payload interleaver  is not in the scope
b) Specify the procedure of cross-slot scheduling power saving techniques  
i) Note: The procedure is in addition to Rel-15 cross-slot scheduling procedure
In this contribution, we share our views on the design for the support of cross-slot scheduling power saving techniques.

Discussion
In current Rel-15 NR systems, UE has to keep RF and some baseband processing on until finishing the PDCCH decoding, in order to support the same-slot scheduling. As the UE has no knowledge of whether and when PDSCH is scheduled before decoding the PDCCH, UE would keep such operation even in case of actual cross-slot scheduling, which results in increased UE power consumption due to the unnecessary buffering. To overcome this, it is preferred to provide indication to the UE regarding whether it can switch to micro sleep after PDCCH reception, in order to achieve UE power saving. This motivates the support of cross-slot scheduling power saving techniques, where three possible indication approaches can be considered as discussed below.

Indication based on higher layer signalling or MAC CE signalling
As one option, the cross-slot scheduling power saving technique can be achieved by higher layer signalling or MAC CE signalling with different time scales. In this option, a Time Domain Resource Allocation (TDRA) table with all rows supporting cross-slot scheduling and another TDRA table without any scheduling restriction (e.g. supporting same-slot scheduling) as in Rel-15 NR can be configured by higher layer signalling. The higher layer signalling or a new MAC CE can be introduced to switch between these two TDRA tables, with which UE can be switched between different scheduling schemes i.e. cross-slot scheduling only or both cross-slot and same-slot scheduling. By supporting the cross-slot scheduling only, UE can avoid the buffering during the PDCCH decoding and enter to micro sleep after reception of PDCCH to achieve power saving, while switching back to support both cross-slot and same-slot scheduling enables traffic transmission to meet a tight latency requirement. 
This method requires limited standardization effort, particularly if high layer signalling is used for the switching, but the time scale of cross-slot and same-slot scheduling adaption is quite large due to the long duration needed for the reconfiguration via higher layer signalling or MAC CE signalling. The large delay due to the switching of the configurations may not be able to fulfil the latency requirement of the traffic and suffers the power saving performance. 

Implicit indication
As a more dynamic option, implicit indication can be considered. With this approach, a TDRA table with all rows supporting cross-slot scheduling and another TDRA table without any scheduling restriction as in Rel-15 NR can be configured by higher layer signalling, similar as in the first option. However, the switching between these two TDRA tables is not via higher layer signalling or MAC CE signalling, but instead based on the reception of scheduling PDCCH. Specifically, UE assumes the cross-slot scheduling TDRA table configured by the higher layer signalling, until a valid scheduling PDCCH is received. After reception of a scheduling PDCCH, the UE will switch to use the configured TDRA table without any scheduling restriction to support traffic with latency requirement. A timer can be configured by higher layer signalling to determine the valid duration for the use of the configured TDRA table without any scheduling restriction. After the expiration of the timer, UE can fall back to the cross-slot scheduling TDRA to save UE power. 
The time scale of cross-slot and same-slot scheduling adaption with this approach is smaller than the higher layer or MAC CE signaling based approach, and thus can better cater to the applications with latency requirement. However, this option has limited flexibility as UE has to always switch to support same-slot scheduling once there is traffic for the UE, even in cases where the traffic does not require same-slot scheduling (e.g. non-latency sensitive traffic such as FTP model-3). This leads to reduced power saving gain, making this approach less attractive. 

Indication based on L1 signalling
As shown in Table 1, different traffic models may have quite different latency patterns. Even when there is traffic coming for the UE, it does not imply same-slot scheduling is always needed. Instead, different values of k0 with k0>0 may be sufficient. To support more flexible case where the cross-slot only scheduling can be enabled even when there is upcoming traffic, L1 signalling based approach can be considered. 
[bookmark: _GoBack]Similar to the above approaches, one or multiple TDRA tables with the time domain resource allocation in all the rows supporting cross-slot scheduling can be configured by higher layer signalling. In addition, a TDRA table without any scheduling restriction can be configured by higher layer signalling following Rel-15 NR design. With this approach, the configuration of which TDRA table to use is indicated by a L1 signalling. Regarding the design of the L1 signalling, wake-up signal (WUS) can be used as one alternative. However, this approach requires the WUS and the cross-slot power saving feature being configured jointly. In addition, the WUS may be transmitted at most once every DRX cycle, making the time scale of cross-slot and same-slot scheduling adaption quite large. To improve the configuration flexibility, another alternative is to use the scheduling DCI for the indication of the TDRA table. To support this approach, the scheduling DCI can be extended to include an additional field for the cross-slot power saving indication. To reduce the overhead, 1 bit can be introduced for this field, which indicates whether the UE supports the TDRA table without scheduling restriction as in Rel-15 NR, or the UE supports the time domain resource allocations with only cross-slot scheduling. The new configuration of the TDRA table becomes valid starting from next PDCCH reception. This method provides the configuration flexibility and requires limited latency. However, the TDRA table can be re-configured only when there is a scheduling DCI. As an enhancement, a timer can be introduced to this option, where the TDRA table configured by the DCI is valid before the timer expires. After the expiration of the timer, the UE will fall back to a default TDRA table. 
The dynamic indication in the scheduling PDCCH for switching of different TDRA tables can support various traffic types, while at the same time strive to save UE power by avoiding the unnecessary buffering as many as possible. 

	Power saving scheme
	Mean energy per slot
	Power saving gain for each configuration
	UPT/Latency
	Evaluation methodology/baseline assumption

	Cross-slot scheduling with ko=1
	31.54
	16.34
	65.53
	85.42
	5% geometry SINR
	FTP model 3
160, 100, 8

	
	27.22
	19.36
	84.6
	60.76
	50% geometry SINR
	

	
	26.5
	20.48
	88.11
	56.73
	95% geometry SINR
	

	
	5.17
	20.25
	5.65
	149.13
	5% geometry SINR
	Instant Messaging
320, 80, 10

	
	5.05
	20.77
	5.73
	148.72
	50% geometry SINR
	

	
	4.89
	20.66
	5.73
	148.69
	95% geometry SINR
	

	
	18.63
	17.76
	0.0282
	11.01
	5% geometry SINR
	VoIP
40, 10, 4

	
	18.49
	17.72
	0.0279
	11.03
	50% geometry SINR
	

	
	18.63
	17.44
	0.0282
	11.02
	95% geometry SINR
	


[bookmark: _Ref5093664]Table 1: Simulation results of the cross-slot scheduling [2]

In summary, the comparison of the approaches discussed above is given by Table 2, including the consideration on aspects of latency, flexibility, DL overhead and required spec changes. Based on the comparison, it is proposed to consider the L1 signaling based approach for cross-slot scheduling power saving technique.

	Possible approaches
	Latency
	Flexibility
	DL overhead
	Spec change

	Higher layer signaling
	High
	Moderate
	Moderate
	Low/Moderate

	Implicit indication
	Low
	Low
	Low
	Moderate

	L1 signaling
	Low
	High
	Low
	Moderate


[bookmark: _Ref498671377][bookmark: _Ref5031026]Table 2: Comparison of different approaches for cross-slot scheduling power saving techniques

Proposal 1:
· Support the cross-slot scheduling power saving technique based on L1 signaling.
· The existing DCI scheduling PDSCH/PUSCH is extended to include a field for indicating the selection of TDRA tables configured by higher layer signaling.
· A timer can be introduced to determine the valid duration of the TDRA table indicated by the DCI, after the expiration of which UE would fall back to a default TDRA table.    	

Conclusion
In this contribution, we discuss about the design for cross-slot scheduling power saving techniques. Based on the discussions, we make the following proposal:
Proposal 1:
· Support the cross-slot scheduling power saving technique based on L1 signaling.
· The existing DCI scheduling PDSCH/PUSCH is extended to include a field for indicating the selection of TDRA tables configured by higher layer signaling.
· A timer can be introduced to determine the valid duration of the TDRA table indicated by the DCI, after the expiration of which UE would fall back to a default TDRA table.    	
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