Page 4
Draft prETS 300 ???: Month YYYY
3GPP TSG-RAN WG1 Meeting AH-1901	Tdoc R1-1901173
Taipei, Taiwan, January 21st – 25th 2019

Agenda Item:	7.2.9.4
Source:	Ericsson
Title:	Modeling of UE energy consumption during PSS search
Document for:	Discussion and Decision


1	Introduction
This paper discusses UE power and energy consumption impact of performing a PSS search as part of neighbor cell measurements for RRM.

[bookmark: _Ref178064866]2	Discussion
2.1 	Cell search as part of neighbor cell monitoring 
During RRM measurements, the UE monitors known cells (serving and neighbour), as well as looks for additional, previously unknown cells. If the UE could assume that any neighbor cells’ received signals are aligned with its current T/F reference, or have a known offset, the new cell search amounts to identifying the PSS, determining the SSS and the PCI, and performing cell quality measurements using the SSS and optionally the PBCH DMRS. This is done in the F-domain after placing the FFT window at known sample time location. 
However, in the presence of T/F offset uncertainty for such cells, the UE needs to perform a search over the T/F uncertainty range, similar to initial cell search, in order to determine the FFT alignment. PSS is designed to allow such search to be performed efficiently in the T-domain, e.g. using sliding correlators matched to the three possible PSS sequences.
[bookmark: _Toc534962488][bookmark: _Toc534962489][bookmark: _Toc534962490][bookmark: _Toc534962491][bookmark: _Toc534962492][bookmark: _Toc534962493][bookmark: _Toc534968037]In the presence of T/F offset uncertainty for new candidate cells, the UE performs a PSS search over the T/F uncertainty range.

2.2	UE power and energy consumption impact of PSS search
[bookmark: _Hlk534963557][bookmark: _GoBack]To enable an analysis of measures to reduce PSS search, we have estimated the UE power consumption in additional processing modes, using the power scale units agreed in evaluation assumptions. The cell measurement-related processing (sample collection and RSRP estimation) power level is 100 units. If a T-domain PSS search needs to be performed, the power is 150 units, and for full cell search, including PBCH decoding, it is 200 units. The information is summarized in Table 1.
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Table 1. UE power modelling parameters related to cell search and cell measurements. 

[bookmark: _Toc534968038]The PSS search significantly increases UE power consumption during an cell detection and signal quality measurement duration.

We next analyse the energy consumption of the UE in different measurement scenarios over the entire measurement period, Fig. 1, including transitions between UE operational modes. The analysis uses the parameter settings in Table 2.
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Figure 1. Energy consumption analysis model.

	SSB period
	20 ms

	SSB duration
	5 ms

	Number of SSBs in SSB duration
	2

	Subcarrier Spacing
	15 kHz



Table 2. System parameters.

Three measurement scenarios are compared:
1. All cells’ SSB are aligned and the time point for neighbor cell measurement is known
2. UE roughly knows the time point for neighbor cell measurement but needs to do some (additional 2 symbols) of PSS correlation before NB cell measurement
3. UE does not know the time point for neighbor cell measurement, so it needs to do cell search over the whole SSB duration (additional 10 symbols)
The scenarios thus differ primarily in terms of the additional time the UE RX needs to be activated for sample collection for the PSS search. From Table 1, the PSS processing itself is also more power-consuming. 
Combining the time spent in different RX modes and their respective power consumptions, including transitions between modes, we obtain a comparison of aggregate UE energy consumption values over one SSB period. Denoting the energy in scenario 1 as 100%, scenario 2 consumes 105%, while scenario 3, open-ended PSS search, consumes 138%. This suggests a large practical power penalty if unnecessary PSS performed over a large T/F uncertainty region.
The analysis details are summarized in Table 3.
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Table 3. Summary of energy consumption analysis of different cell measurement modes.

[bookmark: _Toc534968039]Open-ended PSS search without limits on possible T/F misalignment significantly increases UE energy consumption during cell measurements.
[bookmark: _Toc534968040]UE energy consumption associated with neighbor cell measurements can be reduced by approximately 27% if the need for PSS search is omitted.

[bookmark: _Toc534897837][bookmark: _Toc534961885]Conclusion
In section 2, the following observations were made: 
Observation 1	In the presence of T/F offset uncertainty for new candidate cells, the UE performs a PSS search over the T/F uncertainty range.
Observation 2	The PSS search significantly increases UE power consumption during an cell detection and signal quality measurement duration.
Observation 3	Open-ended PSS search without limits on possible T/F misalignment significantly increases UE energy consumption during cell measurements.
Observation 4	UE energy consumption associated with neighbor cell measurements can be reduced by approximately 27% if the need for PSS search is omitted.
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Case 1

SSB Window Sleep 15ms <-including transition time Transition from/to Sleep

Assuming SSB blocks are evenly distributed in SSB window Transition Energy

Single SSB duration  2,5ms  [Relative power x ms]

Single SSB block duration (4-symbol) 0,266667ms Total Sleep Duration

Deep Sleep 0ms Deep Sleep 0ms 0ms 0

Light Sleep 0ms Light Sleep 9ms 9ms 100

Micro Sleep 2,233333ms Micro Sleep 0ms 4,5ms 0

53 381 100

Total Energy Consumption across SSB period

534

Case 2

SSB Window Sleep 15ms <-including transition time Transition from/to Sleep

Assuming SSB blocks are evenly distributed in SSB window Transition Energy

Single SSB duration  2,5ms  [Relative power x ms]

Single SSB block duration (4-symbol) 0,266667ms Total Sleep Duration

Extra UE active time for PSS correlation 0,133333ms 2

Deep Sleep 0ms Deep Sleep 0ms 0ms 0

Light Sleep 0ms Light Sleep 9ms 9ms 100

Micro Sleep 2,1ms Micro Sleep 0ms 4,2ms 0

93 369 100

Total Energy Consumption across SSB period

562

Case 3

SSB Window Sleep 15ms <-including transition time Transition from/to Sleep

Assuming SSB blocks are evenly distributed in SSB window Transition Energy

Single SSB duration  2,5ms  [Relative power x ms]

Single SSB block duration (4-symbol) 0,266667ms Total Sleep Duration

Extra UE active time for cell searching 0,666667ms 10

Deep Sleep 0ms Deep Sleep 0ms 0ms 0

Light Sleep 0ms Light Sleep 9ms 9ms 100

Micro Sleep 1,566667ms Micro Sleep 0ms 3,1ms 0

320 321 100

Total Energy Consumption across SSB period

741

(UE roughly knows the time 

point to do NB cell 

measurement so UE needs do 

PSS correlation before NB cell 

measurement)

(UE does NOT know the time 

point to do NB cell 

measurement so UE needs do  

cell searching in the whole 

SSB duration)

(All SSB synchronized, and UE 

knows exactly the time point 

to do NB cell measurement)
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UE Power Consumption (per Slot) Total transition time

Transition time to 

Function mode

Transition time from 

Function mode

Deep Sleep 1 20ms 15ms 5ms 450

Light Sleep 20 6ms 4,5ms 1,5ms 100

Micro Sleep 45 0ms 0ms 0ms 0

Cell Measurement 100<- SSS RSRP measurement

PSS correlation 150<- PSS correlation

Cell Searching 200<- PSS correlation + SSS cell group detect + PBCH decoding

Transition Energy   

[Relative power x ms]
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