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1.  Introduction
In 3GPP TSG RAN#88-e meeting, the WID for UE power saving enhancements [1] was revised as follows.
	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]
[bookmark: OLE_LINK1]-	NOTE: RAN1 to check and update, if needed, evaluation methodology in RAN1 #102-e meeting
a) 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
     ...


There are many factors, such as the number and position of processed SSB within a paging cycle, the paging probability, etc., that impact UE power consumption in RRC_Idle/Inactive mode. In this contribution, the impacts are analyzed.
2. Discussion
Table 1. UE power consumption model for FR1 in idle/inactive-mode
	Power state
	Relative power
	Power state
	Relative power

	PDCCH-only
	50
	RRM measurement
	60

	SSB
	50
	Micro sleep
	45

	Additional RS proc.
	50
	Light sleep
	20

	PDCCH + PDSCH
	120
	Deep sleep
	1



As described in [2], in one paging cycle, the UE monitors the PDCCH and receives the paging message (if any) in paging occasion. The UE may also receive one or more SSBs before PO for AGC adjustment, synchronization correction and RRM measurement. The relative power of each power state for FR1 in idle/inactive-mode is shown in Table 1. 
For UE in RRC_idle/ RRC_inactive mode, many factors will affect the UE power consumption, such as paging cycle, duration for paging reception, position of SSB relative to PO, number of processed SSBs in one paging cycle, and the paging probability. In the following sections, we will analyze the impact on UE power consumption
2.1 Impact of SSB number before the PO
For different scenarios, the number of processed SSBs in one paging cycle might be different, especially the SSBs before the PO. For example, when a UE locates at cell center, only one SSB might be enough for AGC/SYNC and serving cell measurement as the SINR is high. For a UE at cell edge, UE needs to perform neighbor cell measurement due to the low SINR. Hence, the number of processed SSB increases. In addition, in low SINR scenario, when the UE needs to receive the paging message (PDSCH), the UE may need to receive multiple SSBs before PO to correct time/frequency offset, as the PDSCH is more sensitive to synchronization accuracy. If the UE can be indicated in advance that there is no paging message in the current paging cycle, the UE can properly reduce the SSB reception. 
In this section, we will analyze the impact of the number of processed SSB on UE power consumption. 
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Figure 1. Different numbers of processed SSB within in one paging cycle

In Figure 1 (a), (b) and (c), UE detects three, two and one SSB before PO, respectively. Assume that the SMTC duration is 2ms. The group paging rate is 10%, the duration for PO reception is 2ms and SCS is 30 KHz. The simulation results of the operations in Figure 1 are provided in Figure 2. 
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Figure 2 UE power consumption distribution with different number of SSB 

The above simulation results show that when the number of processed SSBs is decreased, the UE power consumption is greatly reduced. Reducing one SSB can bring about 16.3% of power saving gain and reducing two SSBs can bring about 31.5% of power saving gain.
Observation 1: The number of processed SSBs in one paging cycle has great impact on the UE average power consumption per slot. 
Proposal 1: To compare the power saving gain of the different power saving schemes, it is necessary to align the number of processed SSBs in simulation assumption.
2.2 Impact of SSB position relative to PO
In NR deployment, the time offset between SSB and PO is randomly distributed. But for simplification of simulation, a fixed time offset between SSB and PO can be considered. In this section, with the simulation assumption in Table 2, the impact of SSB locations on UE power consumption is analyzed. 
Table 2. Simulation assumptions for impact of SSB position relative to PO
	Paging cycle
	1280ms

	Group paging rate
	10%

	Periodicity of SSB
	20ms

	SMTC duration
	2ms

	Duration for PO reception
	2ms

	SCS
	30KHz



[image: ]
Figure 3. UE behavior in high SINR scenario

Assume the UE behavior in high SINR scenario is shown in Figure 3 and the corresponding average UE power consumption per slot is shown in Figure 4(a). The UE behavior in low SINR/limited coverage scenario is shown in Figure 1(a) and the average UE power consumption per slot is shown in Figure 4(b). 
[image: ]
(a) Impact of SSB location on UE power consumption in  high SINR scenario
[image: ]
(b) Impact of SSB location on UE power consumption in  low SINR/limited coverage scenario
Figure 4. Impact of SSB location on UE power consumption

In Figure 4, the blue line presents the average UE power consumption per slot as the offset between PO and SSB changes. The red line denotes the average UE power consumption per slot when the offset between PO and SSB is randomly distributed from 0 to 20ms. It can be seen from the results that the average UE power consumption per slot will change with the offset.  
Observation 2: The offset between PO and SSB will affect the average UE power consumption per slot. 
Furthermore, it can be seen from the simulation results that when the offset between PO and SSB is around 20 slot (i.e., half of the periodicity of SSB), the UE power consumption is approximately equal to the average power consumption of the random offset. Therefore, when a fixed offset between PO and SSB is considered in the simulation, half of the periodicity of SSB (i.e., 10ms) is a proper choice.
Proposal 2: The time offset between SSB and PO should be clarified in the simulation assumption. When a fixed value is considered, half of the periodicity of SSB is a proper choice.   
2.3 Impact of paging probability
The UE paging probability will affect the power consumption of paging reception. The higher the UE paging probability is, the more power paging reception consumes. In this section, the impact of paging probability is analyzed. 
Based on the simulation results in section 2.2, the offset between the PO and the SSB is set as 10ms. The average UE power consumption per slot in high SINR with different paging probability is shown in Figure 5.
[image: ]
Figure 5. Impact of paging probability on UE power consumption in high SINR

Figure 5 shows that simply reducing the paging probability has little impact on the average UE power consumption. Therefore, the power saving gain may be not significant for the paging enhancement techniques which only reduces the UE paging probability.
[bookmark: _GoBack]Observation 3: The paging probability has little impact on the average UE power consumption. 
Proposal 3: To obtain a significant power saving gain, paging probability reduction can be combined with other techniques.
3. Conclusion
In this contribution, we have the following observations and proposals.
Observation 1: The number of processed SSBs in one paging cycle has great impact on the UE average power consumption per slot. 
Observation 2: The offset between PO and SSB will affect the average UE power consumption per slot. 
Observation 3: The paging probability has little impact on the average UE power consumption. 

Proposal 1: To compare the power saving gain of the different power saving schemes, it is necessary to align the number of processed SSBs in simulation assumption.
Proposal 2: The time offset between SSB and PO should be clarified in the simulation assumption. When a fixed value is considered, half of the periodicity of SSB is a proper choice.   
Proposal 3: To obtain a significant power saving gain, paging probability reduction can be combined with other techniques.
Reference
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