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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: OLE_LINK13]In RAN#86, it is approved to further specify enhancements for UE power saving in Rel-17 on top of Rel-16 schemes. For IDLE/INACTIVE mode, enhancements for paging procedure and assistance RS will be specified. 
	1) Specify enhancements for idle/inactive-mode UE power saving, considering system performance aspects [RAN2, RAN1]
a) Study and specify paging enhancement(s) to reduce unnecessary UE paging receptions, subject to no impact to legacy UEs [RAN2, RAN1]
· NOTE: RAN1 to check and update, if needed, evaluation methodology in RAN1 #100 meeting
b) Specify means to provide potential TRS/CSI-RS occasion(s) available in connected mode to idle/inactive-mode UEs, minimizing system overhead impact [RAN1]
· NOTE: Always-on TRS/CSI-RS transmission by gNodeB is not required


In this contribution, initial analysis on power consumption of legacy IDLE mode UE is provided to facilitate the discussion of power saving mechanism for NR IDLE mode UE.
Analysis on power consumption of IDLE UE
Initial analysis on power consumption of LTE and NR legacy IDLE mode UE 
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Figure 1. [bookmark: _Ref46253580]Illustration for UE behaviors in IDLE/INACTIVE mode 
In IDLE mode, UE usually stays in deep sleep state in most of the time and Figure 1 illustrates a typical UE processing procedure on one paging occasion to monitor the paging message and do RRM measurements. Before UE receives paging, UE needs to wake up, and perform pre-sync procedures including AGC adjustment and T/F synchronization. In addition to paging, UE needs to perform RRM measurement for serving cell and neighbor cells when measurement criterion is met. 
In LTE UE uses CRS for pre-sync procedures. Since the CRS is an always-transmitted reference signal, an IDLE mode UE only needs to wake up one or two slots before its paging occasion to perform T/F tracking and AGC adjustment. However, in NR Rel-15/16, the only RS available for IDLE mode UE is SSB and the periodicity of SSB (typically 20ms) can be much larger than that of CRS (1ms), UE has to pre-wake up by one or two SSB periods before its paging occasion. Figure 2 illustrates typical paging reception procedures in FR1 for both LTE and NR Rel-15/16 IDLE mode UE. The power consumption is analyzed based on the power model specified in [2].
The time gap from the start of a paging occasion to the closest SSB burst before the PO would be from 0ms to 18ms, considering the SSB periodicity is 20ms and SSB burst duration is 2ms. For simplicity, we only analyze the average case, that is, the paging occasion occurs 10ms after a SSB assuming the periodicity of SSB is 20ms. For paging reception, we assume that UE measures all the SSB before a PO and only receives the paging PDCCH in the monitoring occasion which corresponds to the SSB with best reception quality. Therefore the PO reception occurs 0.5ms in 30kHz SCS when Paging PDSCH is scheduled in the same slot of Paging PDCCH. For simplicity, the UE is assumed not to perform RRM measurements in good coverage considering RRM relaxation is introduced for the good coverage UE in Rel-16. While for lower SINR case, the SMTC periodicity is assumed to be 20ms, and a 5ms SMTC window is provided.
As in IDLE/INACTIVE mode UE stays in the initial BWP, the bandwidth of which is typically 20MHz. Therefore, the power consumption of reference signal and channel is scaled based on the Table 21 in [2]. Then the power consumption of SSB and PDCCH-only is  units. However, it should be noted that the power consumption of ‘micro-sleep’ is 45 units. It is obviously not reasonable that the power consumption of PDCCH-only is smaller than that of micro-sleep. Therefore, the power consumption of PDCCH-only can be 50 units. Following the same principle, the power consumption of SSB or CSI-RS can also be 50 units. As for PDCCH+PDSCH, the power consumption is . For LTE case, the power consumption to receive CRS, PDCCH and PDSCH is assumed the same as that of NR after scaling. Other evaluation assumption can be found in our companion paper [3] and the Appendix.
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Figure 2. [bookmark: _Ref46771997] Illustration of default association paging monitoring occasions
The power consumption of each different processing operation in IDLE mode for legacy LTE and NR with RRM relaxation is shown in Figure 3. 
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Figure 3. [bookmark: _Ref46857476] The relative power consumption for LTE and NR

The blue bars in Figure 3 corresponds to the deep sleep mode and related state transition energy overhead. Considering the time duration in which an IDLE mode UE stays in deep sleep mode occupies the most of the time in a paging DRX cycle (1.28s in this evaluation). Therefore, the absolute energy consumption is almost the same for LTE and NR in the figure. From the detailed power consumption, it can be seen that compared with LTE the main reason of power consumption increment for NR comes from the light sleep and power state transition between light sleep and active state, especially in the low SINR scenario. The NR IDLE mode UE needs two SSB to perform T/F tracking and AGC adjustment, and additional SMTC window for neighbor cell measurements. However, the two SSBs and the PO are transmitted in non-continuous slots, which is quite different from LTE. Therefore a NR IDLE mode UE has to pre-wake-up, and then transitions to light sleep to wait for a next signal arrival, which consumes much power of the UE. However, the LTE IDLE mode UE can finish all the operation without any light sleep and power state transition. 
Observation 1. The light sleep state and power state transition between light sleep and active state in NR consumes much more power compared to LTE system, which is the main reason for the high power consumption of NR Rel-15/16.
[bookmark: _Ref129681832]Conclusions
According to the previous discussion, we have the following observations:
Observation 1. The light sleep state and power state transition between light sleep and active state in NR consumes much more power compared to LTE system, which is the main reason for the high power consumption of NR Rel-15/16.
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Table 1. Basic evaluation assumptions
	Parameters 
	Value

	Carrier frequency
	4 GHz (FR1)

	Subcarrier spacing
	30kHz

	CC number
	1

	Bandwidth of BWP
	20MHz

	DRX cycle
	1280ms

	Per-UE paging rate
	1%

	NR of UE per paging occasion
	10

	Paging rate per PO
	9.56%



Table 2. Power consumption after scaling
	Power state
	Characteristic
	Relative Power

	Deep Sleep
	Time interval for the sleep should be larger than the total transition time entering and leaving this state. Accurate timing may not be maintained.
	1

	Light Sleep
	Time interval for the sleep should be larger than the total transition time entering and leaving this state.
	20

	Micro Sleep
	Immediate transition is assumed for power saving study purpose from or to a non-sleep state
	45

	PDDCH-only
	No PDSCH and same-slot scheduling; this includes time for PDCCH decoding and any micro-sleep within the slot.
	50 (= max(100 * 0.4, 50))

	SSB proc.
	SSB can be used for fine time-frequency sync., AGC loop and time-frequency tracking loop, and RSRP measurement of the serving/camping cell.
	50 (= max(100 * 0.4, 50))

	PDCCH+PDSCH
	PDCCH + PDSCH. This is used when the UE decodes the group-paging PDCCH and finds the need to decode the corresponding PDSCH
	120 (= max(300 * 0.4, 50))

	Intra- and Inter-frequency measurements
	Synchronous case is assumed and the number of cells for intra-frequency measurement is N=8.
	60  (= max(150 * 0.4, 50))
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