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1 Introduction
When developing a new system, besides system capacity, UE current consumption is also an imprortant performance index. It was agreed in 3GPP RAN1#86[1],
Agreements:
· Impact of UE DL reception energy consumption should be studied also considering the total power consumption mainly focusing on DoU
· e.g., UE decoding power consumption in the physical layer DL control blind decoding in lack of grant
· e.g., UE decoding power consumption in the slot with the data
· e.g., UE decoding power consumption in the data reception process
· e.g., UE decoding power consumption in the measurement
· e.g., UE decoding power consumption in the SS
· UE power reduction techniques also should be studied
The data reception behavior may impact UE DL reception current consumption. Different timing relationship between DL assignment and corresponding DL data reception may introduce different UE current consumption. From RAN1#85 agreement [2], the timing relationship is still FFS, as shown below
Agreements:
· At least the following is supported for NR frame structure 

· Following timing relationships are indicated to a UE dynamically and/or semi-statically

· Timing relationship between DL data reception and corresponding acknowledgement
· Timing relationship between UL assignment and corresponding UL data transmission
· Following timing relationship is FFS whether fixed and/or dynamically and/or semi-statically indicated

· Timing relationship between DL assignment and corresponding DL data reception
· For above two sub-bullets
· Potential values for each timing relationship has to be studied further considering e.g., UE processing capability, gap overhead, UL coverage, and etc.
· Default value, if any, for each timing relationship is FFS.
In this contribution, the current consumption of different timing relationship between DL assignment and corresponding DL data reception is analyzed.
2 Cross slot scheduling
Ref[3] analyzes the current consumption of a typical DoU profile, such as video streaming (YouTube), instant messaging (Google hangout), and web-browsing. From Ref[3], one may find that the current consumption of PDCCH-only is more than 50%. The typical PDSCH/PUSCH reception procedure is shown in the below Figure 1a. If following LTE timing relationship, PDCCH of slot #k schedules PDSCH of slot #k. Since UE does not know if there is its own PDSCH until UE finishes PDCCH decoding, UE needs to keep RX RF on and buffer PDSCH region for a while even there is no its own PDSCH. In case of PDCCH-only, this is waste of current consumption.
If “cross-slot scheduling” concept is introduced, as shown in Figure 1b, current consumption can be reduced. PDCCH of slot #k schedules PDSCH of slot #(k+1). After receiving PDCCH part, RX RF can be turned off, and baseband continues to decode PDCCH. If there is desired DCI, UE receives PDSCH in slot #(k+1).  In this way, there is no waste of turning on RX RF due to uncertain PDSCH reception. However, it is noted cross-slot scheduling introduces little more latency.
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Figure 1. RX RF on duration comparison with/without cross-slot scheduling
From our own analysis, the saving of RX RF on-time may reduce significant UE current consumption, up to 20%~30% for PDCCH-only. Since the current consumption of PDCCH-only is more than 50% in many typical scenario, which means more than 15% current consumption in total is expected.
Observation #1: With cross-slot scheduling, unnecessary ON of RX RF could be avoided so as to reduce current consumption.
Moreover, if only decoding of PDCCH is necessary within a slot, dynamic voltage frequency scaling (DVFS) can also be applied to even reduce current consumption. As shown in Figure 2, in slot #k, UE knows there is no desired PDSCH in slot #k. When UE performs PDCCH decoding, lower voltage/frequency may be applied since PDCCH decoding is less complicated. After PDCCH decoding of slot #k, UE knows there is desired PDSCH in slot #(k+1). Therefore, higher voltage/frequency is applied in whole slot #(k+1) and in partial slot #(k+2) due to decoding of PDCCH and PDSCH. 
Observation #2: With cross-slot scheduling, DVFS could be applied to further reduce UE current consumption.
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Figure 2. DVFS operation under cross-slot scheduling
3 Conclusion
From the discussion in Section 2, two observations are captured as shown in below.
Observation #1: With cross-slot scheduling, unnecessary ON of RX RF could be avoided so as to reduce current consumption.
Observation #2: With cross-slot scheduling, DVFS could be applied to further reduce UE current consumption

Therefore, we have the below proposal:
Proposal #1: Cross-slot scheduling (ex: PDCCH in slot #k schedules PDSCH in slot #(k+1)) can be configured in NR to reduce UE current consumption.
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