[bookmark: _Toc142303956][bookmark: _Toc529948047]3GPP TSG RAN WG1#114															         R1-2308390
Toulouse, France, Aug 21th – Aug 25th, 2023

Source:	Moderator (vivo)
[bookmark: Title]Title:	draft TP for LP-WUS network power consumption evaluation results for TR38.869
[bookmark: Source]Agenda Item:	9.11.1
Document for:	Discussion and Decision
Change History
	Version
	Author
	Description

	V001
	Feature lead 
	Based on Others_V006_vivo2_ZTE2.docx

	V002
	Feature lead
	Based on Others_V008_HW_QC.docx

	V003
	Feature lead
	1) Included missing Ericsson results for 42 symbols LP-SS
2) Additional observations for LP-SS with 28 and 42 symbol duration
3) Two additional general observation 

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	


[bookmark: _Toc136521997]Introduction
This document summarizes power evaluation results for LP-WUS. The template for evaluation results is

https://www.3gpp.org/ftp/tsg_ran/WG1_RL1/TSGR1_113/Inbox/drafts/9.11(FS_NR_LPWUS)/9.11.1/Evaluation%20Results/Other%20results

____________________________Start of Text Proposal for TR38.869_______________________________



40/141

0 [bookmark: _Toc136521999]
1 
2 
3 
4 
5 
Evaluation Results
5.1 [bookmark: _Toc136522075]
5.2 
5.3 
Network power consumption
[bookmark: _Toc136522076]Collection of the results
Evaluation of the network power consumption for introducing LP-SS are summarized in Table 8.4. 
It is assumed that the LP-SS periodicity is 320ms. And for more results and details, it can be found in Annex A.
Table 8.4 Summary of network power consumption increases for introducing LP-SS
	Network load
	Company
	LP-SS periodicity
	LP-SS duration
	beam
	Additional NW power consumption

	zero

	vivo
	320ms
	14symbols per beam, 8 slots in total and 11PRBs
	8
	1.097%~3.55%

	
	ZTE
	320ms
	7symbols per beam, 4slots in total and 12 PRBs
	4
	0.06%~0.50%

	
	Huawei, HiSilicon
	320ms
	28symbols per beam,5Mhz
	4
	0.122%

	
	Ericsson
	320ms
	14 symbol duration (1 slot) per beam
	8
	3.9%

	
	
	320ms	Comment by Feature lead: Included Ericsson results to the table
	42 symbol duration per beam
	8
	11.4%

	
	
	320ms
	4 symbol duration per beam
	8
	1.1%

	low
	vivo
	320ms
	14symbols per beam, 8 slots in total and 11PRBs
	8
	0.912%~2.716%

	
	ZTE
	320ms
	7symbols per beam, 4slots in total and 12 PRBs
	4
	0.07%~0.7%

	Medium
	vivo
	320ms
	14symbols per beam, 8 slots in total and 11PRBs
	8
	0.388%~1.076%


Note: the definition of network load given in TR 38.864.
	For evaluation purpose, 
· a load (L) % of a cell is a percentage of resources used for UE specific PDSCH / PUSCH
· The following load scenarios are considered
	Load scenario
	Characteristics

	Idle/empty load
	· Include cell-specific signals and channels, and
· L = 0

	low load
	· Include cell-specific signals and channels, and
· 0 < L≤15

	Light load
	· Include cell-specific signals and channels, and
· 15 < L≤ 30

	Medium load
	· Include cell-specific signals and channels, and
· 30 < L≤ 50

	For CA, the companies report whether the load is defined per CC or across all CCs.






[bookmark: _Toc136522077]Observations
[bookmark: _GoBack]When 320ms LP-SS periodicity, 4 or 8 beams and no more than 14 symbols LP-SS duration is assumed,
· For zero load, three companies report additional increased network power consumption rate is (0.06%~3.9%);
· For low load, two companies report additional increased network power consumption rate is (0.07%~2.716%);
· For medium load, one company reports additional increased network power consumption rate is (0.388%~1.076%).

When 320ms LP-SS periodicity, 4 beams and 28 symbols LP-SS duration is assumed,
· For zero load, one company reports additional increased network power consumption rate is 0.122%;

When 320ms LP-SS periodicity, 8 beams and 42 symbols LP-SS duration is assumed,
· For zero load, one company reports additional increased network power consumption rate is 11.4%;


Lower impact to the network power consumption is expected when LP-SS is transmitted FDM with NR SSB/SIB-1.
LP-SS is assumed to be additional signal transmission than the existing NR signal/channels. 

Note: the definition of load is given in TR 38.864.
· 


…
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[bookmark: _Ref135225892][bookmark: _Toc136522095]Annex A: Network power consumption
A.1 vivo
Table 1. Assumption on baseline and LP-SS configuration
	Parameter
	Assumption

	Baseline: 
SSB and SIB1 transmitted in FDM manner;
RACH monitoring
	· Periodicity of SSB/SIB1 transmission, RACH monitoring: 20ms
· SSB: 4 slots with 2 SSBs in each slot, where 1 SSB occupies 4 OFDM symbols and 20 PRBs
· SIB 1: occupies 4 slots and 48 PRBs
· RACH: occupies 1 slot

	System load
	Zero, low, light, medium load, which follows the agreed definition in R18 NES SI.

	LP-SS
	· Periodicity of LP-SS: P=320, 640, 1280, 2560, 5120, 10240ms
· One LP-SS (per beam) T-F duration is one slot and 11PRBs
· 4 or 8 beams assumed for LP-SS

	FDM pattern
	LP-SS fully FDM with SSB/SIB1; No time gap between them

	TDM pattern
	LP-SS is right after SSB/SIB1

	Note: the NW power consumption of LP-WUS transmission is not accounted in the simulation due to sparse traffic arrival rate.



Table 2. the Network power consumption caused by LP-SS with 8 beams for RRC idle/inactive mode
	Load
	Scheme
	Case
	Cat 1
	Cat 2

	
	
	
	Mean BS Power consumption
	Gain/loss (vs. Baseline)
	Mean BS Power consumption
	Gain/loss (vs. Baseline)

	Zero load
	FDM with SSB
	Baseline
	23.287
	
	3.466
	

	
	
	P=320ms
	23.706
	1.799%
	3.504
	1.097%

	
	
	P=640ms
	23.497
	0.900%
	3.485
	0.549%

	
	
	P=1280ms
	23.392
	0.450%
	3.476
	0.274%

	
	
	P=2560ms
	23.340
	0.225%
	3.471
	0.137%

	
	
	P=5120ms
	23.314
	0.113%
	3.468
	0.065%

	
	
	P=10240ms
	23.302
	0.061%
	3.467
	0.031%

	
	TDM with SSB
	Baseline
	23.287
	
	3.466
	

	
	
	P=320ms
	24.114
	3.551%
	3.538
	2.076%

	
	
	P=640ms
	23.701
	1.776%
	3.502
	1.038%

	
	
	P=1280ms
	23.494
	0.888%
	3.484
	0.519%

	
	
	P=2560ms
	23.391
	0.444%
	3.475
	0.259%

	
	
	P=5120ms
	23.332
	0.192%
	3.470
	0.124%

	
	
	P=10240ms
	23.309
	0.093%
	3.468
	0.055%

	Low load
	FDM with SSB
	Baseline
	27.992
	
	3.948
	

	
	
	P=320ms
	28.364
	1.328%
	3.984
	0.912%

	
	
	P=640ms
	28.168
	0.627%
	3.966
	0.459%

	
	
	P=1280ms
	28.087
	0.340%
	3.957
	0.233%

	
	
	P=2560ms
	28.040
	0.170%
	3.952
	0.118%

	
	
	P=5120ms
	28.017
	0.087%
	3.950
	0.057%

	
	
	P=10240ms
	28.004
	0.043%
	3.949
	0.029%

	
	TDM with SSB
	Baseline
	27.992
	
	3.948
	

	
	
	P=320ms
	28.753
	2.716%
	4.016
	1.725%

	
	
	P=640ms
	28.368
	1.343%
	3.982
	0.865%

	
	
	P=1280ms
	28.183
	0.681%
	3.965
	0.435%

	
	
	P=2560ms
	28.090
	0.350%
	3.956
	0.222%

	
	
	P=5120ms
	28.041
	0.173%
	3.952
	0.113%

	
	
	P=10240ms
	28.016
	0.084%
	3.950
	0.050%

	Medium load
	FDM with SSB
	Baseline
	53.788
	
	6.649
	

	
	
	P=320ms
	54.141
	0.657%
	6.675
	0.388%

	
	
	P=640ms
	53.952
	0.305%
	6.662
	0.198%

	
	
	P=1280ms
	53.875
	0.162%
	6.656
	0.105%

	
	
	P=2560ms
	53.822
	0.064%
	6.653
	0.059%

	
	
	P=5120ms
	53.805
	0.031%
	6.651
	0.030%

	
	
	P=10240ms
	53.796
	0.015%
	6.650
	0.015%

	
	TDM with SSB
	Baseline
	53.788
	
	6.649
	

	
	
	P=320ms
	54.367
	1.076%
	6.698
	0.742%

	
	
	P=640ms
	54.137
	0.648%
	6.674
	0.375%

	
	
	P=1280ms
	53.967
	0.333%
	6.662
	0.200%

	
	
	P=2560ms
	53.880
	0.172%
	6.656
	0.109%

	
	
	P=5120ms
	53.831
	0.080%
	6.653
	0.053%

	
	
	P=10240ms
	53.809
	0.039%
	6.651
	0.029%



Table 3. the Network power consumption caused by LP-SS with 4 beams for RRC idle/inactive mode
	Load
	Scheme
	Case
	Cat 1
	Cat 2

	
	
	
	Mean BS Power consumption
	Gain/loss (vs. Baseline)
	Mean BS Power consumption
	Gain/loss (vs. Baseline)

	Zero load
	FDM with SSB
	Baseline
	23.2873
	
	3.4662
	

	
	
	P=320ms
	23.3048
	0.075%
	3.46826
	0.059%

	
	
	P=640ms
	23.296
	0.037%
	3.46723
	0.030%

	
	
	P=1280ms
	23.2917
	0.019%
	3.46671
	0.015%

	
	
	P=2560ms
	23.2895
	0.009%
	3.46645
	0.007%

	
	
	P=5120ms
	23.2884
	0.005%
	3.46633
	0.004%

	
	
	P=10240ms
	23.2884
	0.005%
	3.46633
	0.004%

	
	TDM with SSB
	Baseline
	23.2873
	
	3.4662
	

	
	
	P=320ms
	23.6888
	1.724%
	3.50218
	1.038%

	
	
	P=640ms
	23.488
	0.862%
	3.48419
	0.519%

	
	
	P=1280ms
	23.3877
	0.431%
	3.47519
	0.259%

	
	
	P=2560ms
	23.3375
	0.216%
	3.47069
	0.130%

	
	
	P=5120ms
	23.3124
	0.108%
	3.46845
	0.065%

	
	
	P=10240ms
	23.3124
	0.108%
	3.46845
	0.065%

	Low load
	FDM with SSB
	Baseline
	27.99219
	
	3.947543
	

	
	
	P=320ms
	28.00813
	0.057%
	3.949475
	0.049%

	
	
	P=640ms
	28.00016
	0.028%
	3.948511
	0.025%

	
	
	P=1280ms
	27.9962
	0.014%
	3.948034
	0.012%

	
	
	P=2560ms
	27.99417
	0.007%
	3.947789
	0.006%

	
	
	P=5120ms
	27.99328
	0.004%
	3.947671
	0.003%

	
	
	P=10240ms
	27.99328
	0.004%
	3.947671
	0.003%

	
	TDM with SSB
	Baseline
	27.99219
	
	3.947543
	

	
	
	P=320ms
	28.34794
	1.271%
	3.981592
	0.863%

	
	
	P=640ms
	28.15971
	0.598%
	3.964701
	0.435%

	
	
	P=1280ms
	28.08326
	0.325%
	3.956271
	0.221%

	
	
	P=2560ms
	28.03778
	0.163%
	3.95196
	0.112%

	
	
	P=5120ms
	28.01555
	0.083%
	3.949791
	0.057%

	
	
	P=10240ms
	28.01555
	0.083%
	3.949791
	0.057%

	Medium load
	FDM with SSB
	Baseline
	53.7879
	
	6.649008095
	

	
	
	P=320ms
	53.79838571
	0.019%
	6.65037619
	0.021%

	
	
	P=640ms
	53.79342857
	0.010%
	6.649718571
	0.011%

	
	
	P=1280ms
	53.79104286
	0.006%
	6.649399524
	0.006%

	
	
	P=2560ms
	53.78975238
	0.003%
	6.649232381
	0.003%

	
	
	P=5120ms
	53.78898095
	0.002%
	6.649135238
	0.002%

	
	
	P=10240ms
	53.78898095
	0.002%
	6.649135238
	0.002%

	
	TDM with SSB
	Baseline
	53.7879
	
	6.649008095
	

	
	
	P=320ms
	54.14139048
	0.657%
	6.67342
	0.367%

	
	
	P=640ms
	53.95587143
	0.312%
	6.661481905
	0.188%

	
	
	P=1280ms
	53.87204286
	0.156%
	6.655593333
	0.099%

	
	
	P=2560ms
	53.83029524
	0.079%
	6.652702857
	0.056%

	
	
	P=5120ms
	53.80868571
	0.039%
	6.651096667
	0.031%

	
	
	P=10240ms
	53.80868571
	0.039%
	6.651096667
	0.031%


A.2 ZTE, Sanechips

Assumptions on baseline scheme, LP-SS and LP-WUS configuration are shown in Table 1.
Table 1. Assumption on baseline and LP-SS configuration
	Scheme
	Assumption

	Baseline: 
SSB and SIB1 transmitted in FDM manner
	· Periodicity of SSB transmission: 20ms
· Periodicity of SIB1 transmission: 40ms
· SSB: 4 slots with 2 SSBs in each slot, where 1 SSB occupies 4 OFDM symbols and 20 PRBs
· SIB1: occupies 8 slots and 12 PRBs

	LP-SS and LP-WUS
	· Periodicity of LP-SS: 320ms; Offset with SSB: 0 and 10ms; Beams: 4
· Periodicity of LP-WUS: 1280ms; Offset with SSB: 0 and 5ms; Beams: 4
· LP-SS: 4 slots with 1 LP-SS in each slot, where 1 LP-SS occupies 7 OFDM symbols and 12 PRBs
· LP-WUS: 4 slots with 1 LP-WUS in each slot, where 1 LP-WUS occupies 14 OFDM symbols and 12 PRBs
· No LP-WUS assumption under zero-load scenario

	Assumption for UE specific wake-up
	· Paging cycle: 1280ms
· Paging rate: 1%



Simulation results for zero-load and low-load scenarios based on Cat2 NW power model are shown as Table 2.

Table 2. network power consumption and power increase under LP-SS and LP-WUS configuration
	Cell load
	Cases 
	Network power consumption (Cat2)
	Network power increase (%)

	Zero-load scenario
	Baseline
SSB+SIB1
	7.0249
	

	
	Case1: FDM
SSB+SIB1
LP-SS 320-0-4
	7.0292
	0.0624

	
	Case2: TDM
SSB+SIB1
LP-SS 320-10-4
	7.0602
	0.5027

	Low-load scenario
	Baseline
SSB+SIB1
	7.3673
	

	
	Case1: FDM
SSB+SIB1
LP-SS 320-0-4
LP-WUS 1280-0-4
	7.3726
	0.0716

	
	Case2: TDM
SSB+SIB1
LP-SS 320-10-4
LP-WUS 1280-5-4
	7.4192
	0.7048



A.3 Ericsson
	Baseline assumption
	Zero load scenario, 8SSBs@20ms,  SIB1@160ms


 
	LP-SS (42 symbol duration (3 slots) per beam, 8 beams)

	 
	8SSBs@20ms, SIB1@160ms, LP-SS@160ms
	8SSBs@20ms, SIB1@160ms, LP-SS@320ms
	8SSBs@20ms, SIB1@160ms, LP-SS@640ms
	8SSBs@20ms, SIB1@160ms, LP-SS@1280ms
	8SSBs@20ms, SIB1@160ms, LP-SS@2560ms
	8SSBs@20ms, SIB1@160ms, LP-SS@5120ms
	8SSBs@20ms, SIB1@160ms, LP-SS@10240ms

	Additional power consumption
	22.8%
	11.4%
	5.7%
	2.8%
	1.4%
	0.7%
	0.4%



	LP-SS (14 symbol duration (1 slot) per beam, 8 beams)

	 
	8SSBs@20ms, SIB1@160ms, LP-SS@160ms
	8SSBs@20ms, SIB1@160ms, LP-SS@320ms
	8SSBs@20ms, SIB1@160ms, LP-SS@640ms
	8SSBs@20ms, SIB1@160ms, LP-SS@1280ms
	8SSBs@20ms, SIB1@160ms, LP-SS@2560ms
	8SSBs@20ms, SIB1@160ms, LP-SS@5120ms
	8SSBs@20ms, SIB1@160ms, LP-SS@10240ms

	Additional power consumption
	7.7%
	3.9%
	1.9%
	1.0%
	0.5%
	0.2%
	0.1%


 
	LP-SS (4 symbols per beam, 8 beams)

	 
	8 SSBs@20ms, SIB1@160ms, LP-SS@160ms
	8 SSBs@20ms, SIB1@160ms, LP-SS@320ms
	8 SSBs@20ms, SIB1@160ms, LP-SS@640ms
	8 SSBs@20ms, SIB1@160ms, LP-SS@1280ms
	8 SSBs@20ms, SIB1@160ms, LP-SS@2560ms
	8 SSBs@20ms, SIB1@160ms, LP-SS@5120ms
	8 SSBs@20ms, SIB1@160ms, LP-SS@10240ms

	Additional power consumption
	2.2%
	1.1%
	0.6%
	0.3%
	0.1%
	0.1%
	0.0%


A.4 Huawei, HiSilicon
Table 1. Assumptions for network energy consumption evaluation
	System bandwidth
	100M

	SCS
	30KHz

	LP-SS assumption
	Periodicity: 320ms
· Time domain resources: 1ms (28 OFDM symbols) 
· Frequency bandwidth: 5MHz

	Beam sweeping assumption
	· {1, 4} beams


Table 2. network power consumption due to LP-SS
	Number of paging per second
	Beam number
	Network energy increasing 

	0 (LP-SS only)
	1
	0.031%

	0 (LP-SS only)
	4
	0.122%




