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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
This contribution presents the simulation results with Rel-16 positioning techniques for the IIoT scenario specified in [2] so as to identify the performance gaps. 

Positioning performance accuracy
Scenarios for evaluations
The scenarios to be presented in this contribution include
· Baseline scenarios with InF-SH/InF-DH with fixed UE/gNB height and without UE/gNB calibration error
· InF-DH with variable UE/gNB height
· InF-SH/In-DH with UE/gNB calibration error
Baseline Scenario
Evaluated cases
The following cases in Table 1 are evaluated for FR1 and FR2. We will evaluate DL positioning, UL positioning, and DL+UL positioning solutions in InF-SH and InF-DH. In the following, the results are provided for DL-TDOA, UL-TDOA, UL+TDOA+UL-AOA and Multi-RTT in FR1, DL-TDOA, DL-TDOA+DL-AOD, UL+TDOA+UL-AOA and Multi-RTT in FR2.
[bookmark: _Ref39843770]Table 1 Evaluated parameter combinations
	Parameter
	Case 1 (InF-SH, FR1)
	Case 2 (InF-SH, FR1)
	Case 3 (InF-SH, FR1)
	Case 4 (InF-SH, FR1)
	Case 5 (InF-DH, FR1)
	Case 6 (InF-DH, FR1)
	Case 7 (InF-DH, FR1)
	Case 8 (InF-DH, FR1)

	Channel model (baseline, otherwise state any modifications)
	InF-SH
	InF-SH
	In-SH
	InF-SH
	InF-DH
(40%, 2, 2)
	InF-DH
(40%, 2, 2)
	InF-DH
(40%, 2, 2)
	InF-DH
(40%, 2, 2)

	Reference Signal Physical Structure and Resource Allocation (RE pattern)
	DL-PRS (Comb-4, 4 symbol)
	PosSRS (Comb-4, 4 symbol)
	PosSRS (Comb-4, 4 symbol)
	DL-PRS+PosSRS (Comb-4, 4 symbol)
	DL-PRS (Comb-4, 4 symbol)
	PosSRS (Comb-4, 4 symbol)
	PosSRS (Comb-4, 4 symbol)
	DL-PRS+PosSRS (Comb-4, 4 symbol)

	Reference signal (type of sequence, number of ports, …) 
	Gold, single port
	ZC, single port
	ZC, single port
	Gold/ZC, single port
	Gold, single port
	ZC, single port
	ZC, single port
	Gold/ZC, single port

	Number of sites
	7
	7
	7
	7
	7
	7
	7
	7

	Number of symbols used per slot  per positioning estimate
	4

	Number of slots per positioning estimate
	1

	Power-boosting level
	6dB

	Uplink power control (applied/not applied)
	Not applied

	interference modelling (ideal muting, or other)
	Ideal

	Description of Measurement Algorithm (e.g. super resolution, interference cancellation, ….)
	Super resolution
No LOS/NLOS detection
	Super resolution
No LOS/NLOS detection
	Super resolution
No LOS/NLOS detection
	Super resolution
No LOS/NLOS detection
	Super resolution
No LOS/NLOS detection
	Super resolution
No LOS/NLOS detection
	Super resolution
No LOS/NLOS detection
	Super resolution
No LOS/NLOS detection

	Description of positioning technique / applied positioning algorithm (e.g. Least square, taylor series, etc)
	DL-TDOA
PSO
	UL-TDOA
PSO
	UL-TDOA+UL-AoA
PSO
	Multi-RTT
PSO
	DL-TDOA
PSO
	UL-TDOA
PSO
	UL-TDOA+UL-AoA
PSO
	Multi-RTT
PSO

	Network synchronization assumptions
	Ideal

	Beam-related assumption (beam sweeping / alignment assumptions at the tx and rx sides)
	Tx beam sweeping

	Precoding assumptions (codebook, nrof antenna elements used, etc)
	Tx codebook-based

	Additional notes, if any
	Fixed UE/gNB height.

	Parameter
	Case 9 (InF-SH, FR2)
	Case 10 (InF-SH, FR2)
	Case 11 (InF-SH, FR2)
	Case 12 (InF-SH, FR2)
	Case 13 (InF-DH, FR2)
	Case 14 (InF-DH, FR2)
	Case 15 (InF-DH, FR2)
	Case 16 (InF-DH, FR2)

	Channel model (baseline, otherwise state any modifications)
	InF-SH
	InF-SH
	In-SH
	InF-SH
	InF-DH
(40%, 2, 2)
	InF-DH
(40%, 2, 2)
	InF-DH
(40%, 2, 2)
	InF-DH
(40%, 2, 2)

	Reference Signal Physical Structure and Resource Allocation (RE pattern)
	DL-PRS (Comb-4, 4 symbol)
	DL-PRS (Comb-4, 4 symbol)
	PosSRS (Comb-4, 4 symbol)
	DL-PRS+PosSRS (Comb-4, 4 symbol)
	DL-PRS (Comb-4, 4 symbol)
	DL-PRS (Comb-4, 4 symbol)
	PosSRS (Comb-4, 4 symbol)
	DL-PRS+PosSRS (Comb-4, 4 symbol)

	Reference signal (type of sequence, number of ports, …) 
	Gold, single port
	Gold, single port
	ZC, single port
	Gold/ZC, single port
	Gold, single port
	Gold, single port
	ZC, single port
	Gold/ZC, single port

	Number of sites
	7
	7
	7
	7
	7
	7
	7
	7

	Number of symbols used per slot  per positioning estimate
	4

	Number of slots per positioning estimate
	1

	Power-boosting level
	6dB

	Uplink power control (applied/not applied)
	Not applied

	interference modelling (ideal muting, or other)
	Ideal

	Description of Measurement Algorithm (e.g. super resolution, interference cancellation, ….)
	Super resolution
	Super resolution
	Super resolution
	Super resolution
	Super resolution
	Super resolution
	Super resolution
	Super resolution

	Description of positioning technique / applied positioning algorithm (e.g. Least square, taylor series, etc)
	DL-TDOA
PSO
	DL-TDOA+DL-AoD
PSO
	UL-TDOA+UL-AoA
PSO
	Multi-RTT
PSO
	DL-TDOA
PSO
	DL-TDOA+DL-AoD
PSO
	UL-TDOA+UL-AoA
PSO
	Multi-RTT
PSO

	Network synchronization assumptions
	Ideal

	Beam-related assumption (beam sweeping / alignment assumptions at the tx and rx sides)
	Tx beam sweeping
Rx beam sweeping

	Precoding assumptions (codebook, nrof antenna elements used, etc)
	Tx codebook-based
Rx codebook based

	Additional notes, if any
	Fixed UE/gNB height.



Simulation result
The positioning error of 50%, 67%, 80%, 90% and 95% for all cases are summarized in Table 2. The detailed simulation results can be found in Figure 11~ Figure 14 in the Appendix A.
[bookmark: _Ref46915936][bookmark: _Ref46915924]Table 2  Positioning accuracy (in unit of meter)
	
	Case
	50%
	67%
	80%
	90%
	95%

	FR1
	1
	All UE
	0.077
	0.153
	0.419
	2.789
	10.288

	
	
	Central UE
	0.053
	0.090
	0.224
	1.964
	8.759

	
	2
	All UE
	0.0871
	0.1708
	0.4013
	1.8678
	5.8576

	
	
	Central UE
	0.0621
	0.1096
	0.2410
	1.0277
	3.9456

	
	3
	All UE
	0.0465
	0.0731
	0.1271
	0.299
	0.7889

	
	
	Central UE
	0.0434
	0.0648
	0.1116
	0.2682
	0.5521

	
	4
	All UE
	0.0721
	0.2035
	0.6628
	1.9481
	4.4855

	
	
	Central UE
	0.0665
	0.1798
	0.5628
	1.6992
	4.3519

	
	5
	All UE
	0.861
	3.448
	8.103
	15.212
	23.030

	
	
	Central UE
	0.703
	2.904
	8.399
	15.635
	23.030

	
	6
	All UE
	0.4309
	1.6317
	4.9693
	9.9453
	16.811

	
	
	Central UE
	0.3354
	1.2393
	4.6237
	10.163
	17.66

	
	7
	All UE
	0.0702
	0.1673
	0.3825
	1.0453
	2.8012

	
	
	Central UE
	0.0643
	0.1529
	0.3206
	0.8016
	2.1747

	
	8
	All UE
	0.0699
	0.1260
	0.3916
	7.8992
	15.2156

	
	
	Central UE
	0.0667
	0.1164
	0.3338
	7.3110
	14.4738

	FR2
	9
	All UE
	0.0089
	0.0329
	0.1935
	1.1281
	4.4335

	
	
	Central UE
	0.0077
	0.0265
	0.1586
	0.9633
	4.1343

	
	10
	All UE
	0.0118
	0.0203
	0.0345
	0.0918
	0.2518

	
	
	Central UE
	0.0143
	0.0231
	0.0387
	0.0654
	0.1293

	
	11
	All UE
	0.0102
	0.0191
	0.0365
	0.0991
	0.3826

	
	
	Central UE
	0.0084
	0.0156
	0.0296
	0.0694
	0.2516

	
	12
	All UE
	0.0049
	0.0143
	0.0881
	0.4697
	1.4975

	
	
	Central UE
	0.0048
	0.0137
	0.0841
	0.4496
	1.3076

	
	13
	All UE
	0.0466
	0.5795
	3.6866
	9.2401
	16.2349

	
	
	Central UE
	0.0321
	0.4003
	2.7974
	9.6798
	17.9321

	
	14
	All UE
	0.0755
	0.1861
	0.4228
	0.9619
	2.1831

	
	
	Central UE
	0.0587
	0.1452
	0.3221
	0.7197
	1.7271

	
	15
	All UE
	0.0732
	0.1728
	0.3750
	0.9277
	2.1001

	
	
	Central UE
	0.0603
	0.1309
	0.2717
	0.7086
	1.4854

	
	16
	All UE
	0.0317
	0.1905
	1.0572
	4.1555
	10.5087

	
	
	Central UE
	0.0259
	0.1425
	0.8398
	4.2895
	11.5554



Observation 1:  The hybrid positioning can help to improve the positioning accuracy, e.g. UL-TDOA+UL-AOA, DL-TDOA+DL-AOD.
Observation 2:  The positioning accuracy of the center area UEs is generally higher than the edge area UEs.
Observation 3:  For InF-SH, the accuracy of less than 0.2m@90% can be achieved with DL-TDOA+DL-AOD and UL-TDOA+UL-AOA in FR2, and the accuracy of less than 0.5m@90% can be achieved with UL-TDOA+UL-AOA in FR1 and Multi-RTT in FR2.

Variable height with modified DH
Evaluated cases
The following cases in Table 3 are evaluated for modified InF-DH with clutter parameters {40%, 3m, 5m}. We will evaluate the 2D localization with fixed UE/gNB height and 3D localization with variable UE/gNB height. In the following, the results are provided for UL+TDOA+UL-AOA and Multi-RTT in FR1 and FR2, respectively.
[bookmark: _Ref47430579]Table 3  Evaluated parameter combinations
	Parameter
	Case 101 (InF-DH, FR1)
	Case 102 (InF-DH, FR1)
	Case 103 (InF-DH, FR1)
	Case 104 (InF-DH, FR1)
	Case 105 (InF-DH, FR2)
	Case 106 (InF-DH, FR2)
	Case 107 (InF-DH, FR2)
	Case 108 (InF-DH, FR2)

	Channel model (baseline, otherwise state any modifications)
	InF-DH
(40%, 3, 5)
	InF-DH
(40%, 3, 5)
	InF-DH
(40%, 3, 5)
	InF-DH
(40%, 3, 5)
	InF-DH
(40%, 3, 5)
	InF-DH
(40%, 3, 5)
	InF-DH
(40%, 3, 5)
	InF-DH
(40%, 3, 5)

	Reference Signal Physical Structure and Resource Allocation (RE pattern)
	PosSRS (Comb-4, 4 symbol)
	DL-PRS+PosSRS (Comb-4, 4 symbol)
	PosSRS (Comb-4, 4 symbol)
	DL-PRS+PosSRS (Comb-4, 4 symbol)
	PosSRS (Comb-4, 4 symbol)
	DL-PRS+PosSRS (Comb-4, 4 symbol)
	PosSRS (Comb-4, 4 symbol)
	DL-PRS+PosSRS (Comb-4, 4 symbol)

	Reference signal (type of sequence, number of ports, …) 
	ZC, single port
	Gold/ZC, single port
	ZC, single port
	Gold/ZC, single port
	ZC, single port
	Gold/ZC, single port
	ZC, single port
	Gold/ZC, single port

	Number of sites
	7
	7
	7
	7
	7
	7
	7
	7

	Number of symbols used per slot  per positioning estimate
	4

	Number of slots per positioning estimate
	1

	Power-boosting level
	6dB

	Uplink power control (applied/not applied)
	Not applied

	interference modelling (ideal muting, or other)
	Ideal

	Description of Measurement Algorithm (e.g. super resolution, interference cancellation, ….)
	Super resolution
No LOS/NLOS detection

	Description of positioning technique / applied positioning algorithm (e.g. Least square, taylor series, etc)
	UL-TDOA+UL-AoA
PSO
	Multi-RTT
PSO
	UL-TDOA+UL-AoA
PSO
	Multi-RTT
PSO
	UL-TDOA+UL-AoA
PSO
	Multi-RTT
PSO
	UL-TDOA+UL-AoA
PSO
	Multi-RTT
PSO

	Network synchronization assumptions
	Ideal

	Beam-related assumption (beam sweeping / alignment assumptions at the tx and rx sides)
	Tx beam sweeping
	Tx beam sweeping
Rx beam sweeping

	Precoding assumptions (codebook, nrof antenna elements used, etc)
	Tx codebook-based
	Tx codebook-based
Rx codebook-based

	Additional notes, if any
	Fixed UE/gNB height.
	Fixed UE/gNB height.
	UE height within [0.5, 3]
gNB height {4, 8}
	UE height within [0.5, 3]
gNB height {4, 8}
	Fixed UE/gNB height.
	Fixed UE/gNB height.
	UE height within [0.5, 3]
gNB height {4, 8}
	UE height within [0.5, 3]
gNB height {4, 8}



Simulation results
The positioning error of 50%, 67%, 80%, 90% and 95% for all cases are summarized in Table 4.The detailed simulation results can be found in Figure 15~Figure 18 in the Appendix A.
[bookmark: _Ref46916556][bookmark: _Ref46916535]Table 4 Positioning accuracy (in unit of meter)
	
	Case
	50%
	67%
	80%
	90%
	95%

	FR1
	101
	All UE
	0.0742
	0.1792
	0.4392
	1.3838
	3.3913

	
	
	Central UE
	0.0628
	0.1571
	0.3844
	1.3012
	2.8376

	
	102
	All UE
	0.0713
	0.1249
	0.4734
	8.6557
	9.0699

	
	
	Central UE
	0.0663
	0.1082
	0.4952
	9.8411
	9.0856

	
	103
	All UE
	0.3405(H)
	1.0103(H)
	2.3157(H)
	5.1203(H)
	7.9726(H)

	
	
	
	0.0905(V)
	0.2923(V)
	0.7287(V)
	1.3239(V)
	1.8648 (V)

	
	
	Central UE
	0.2923(H)
	0.8122(H)
	2.0088(H)
	4.3405(H)
	6.6352(H)

	
	
	
	00682(V)
	0.2182(V)
	0.5301(V)
	1.1585(V)
	1.7265(V)

	
	104
	All UE
	0.1721(H)
	1.3411(H)
	7.4143(H)
	15.4966(H)
	23.8238(H)

	
	
	
	0.2176(V)
	0.6510(V)
	1.1742(V)
	1.7622(V)
	2.1000(V)

	
	
	Central UE
	0.1258(H)
	1.4345(H)
	8.9295(H)
	16.0515(H)
	22.7440(H)

	
	
	
	0.1666(V)
	0.5005(V)
	1.0346(V)
	1.6675(V)
	2.0241(V)

	FR2
	105
	All UE
	0.0943
	0.2314
	0.4973
	1.3007
	2.6211

	
	
	Central UE
	0.0865
	0.2101
	0.4707
	1.1486
	2.1881

	
	106
	All UE
	0.3364
	0.9128
	2.4777
	5.7209
	10.7382

	
	
	Central UE
	0.3079
	0.8594
	2.2392
	5.4600
	10.481

	
	107
	All UE
	0.1297(H)
	0.4173(H)
	1.1042(H)
	2.6878(H)
	5.1519(H)

	
	
	
	0.0361(V)
	0.1075(V)
	0.2471(V)
	0.5573(V)
	0.9884(V)

	
	
	Central UE
	0.1109(H)
	0.3273(H)
	0.8667(H)
	2.4365(H)
	4.4973(H)

	
	
	
	0.0288(V)
	0.0796(V)
	0.1879(V)
	0.4593(V)
	0.7747(V)

	
	108
	All UE
	0.5012(H)
	2.2343(H)
	6.6096(H)
	15.6304(H)
	24.2192(H)

	
	
	
	0.3436(V)
	0.9022(V)
	1.5000(V)
	1.9555(V)
	2.1766(V)

	
	
	Central UE
	0.4304(H)
	2.4466(H)
	7.9926(H)
	15.5828(H)
	21.7159(H)

	
	
	
	0.2871(V)
	0.7927(V)
	1.3316(V)
	1.8800(V)
	2.1606(V)



Observation 4: For modified InF-DH, the accuracy of less than 0.5m@90% cannot be achieved without NLOS/LOS detection.

UE/gNB calibration error
Evaluated cases
· The following cases in Table 5 are evaluated for InF-SH/In-DH with UE/gNB calibration error. In the following, the results are provided for DL-TDOA, UL-TDOA, UL+TDOA+UL-AOA and Multi-RTT in FR1.
[bookmark: _Ref47431437]Table 5  Evaluated parameter combinations
	Parameter
	Case 201 (InF-SH, FR1)
	Case 202 (InF-SH, FR1)
	Case 203 (InF-SH, FR1)
	Case 204 (InF-SH, FR1)
	Case 205 (InF-SH, FR1)
	Case 206 (InF-SH, FR1)
	Case 207 (InF-SH, FR1)
	Case 208 (InF-SH, FR1)

	Channel model (baseline, otherwise state any modifications)
	InF-SH
	In-SH
	InF-SH
	InF-SH
	InF-DH
(40%, 2, 2)
	InF-DH
(40%, 2, 2)
	InF-DH
(40%, 2, 2)
	InF-DH
(40%, 2, 2)

	Reference Signal Physical Structure and Resource Allocation (RE pattern)
	DL-PRS (Comb-4, 4 symbol)
	PosSRS (Comb-4, 4 symbol)
	PosSRS (Comb-4, 4 symbol)
	DL-PRS+PosSRS (Comb-4, 4 symbol)
	DL-PRS (Comb-4, 4 symbol)
	PosSRS (Comb-4, 4 symbol)
	PosSRS (Comb-4, 4 symbol)
	DL-PRS+PosSRS (Comb-4, 4 symbol)

	Reference signal (type of sequence, number of ports, …) 
	Gold, single port
	ZC, single port
	ZC, single port
	Gold/ZC, single port
	Gold, single port
	ZC, single port
	ZC, single port
	Gold/ZC, single port

	Number of sites
	7
	7
	7
	7
	7
	7
	7
	7

	Number of symbols used per slot  per positioning estimate
	4

	Number of slots per positioning estimate
	1

	Power-boosting level
	6dB

	Uplink power control (applied/not applied)
	Not applied

	interference modelling (ideal muting, or other)
	Ideal

	Description of Measurement Algorithm (e.g. super resolution, interference cancellation, ….)
	Super resolution
No LOS/NLOS detection

	Description of positioning technique / applied positioning algorithm (e.g. Least square, taylor series, etc)
	DL-TDOA
PSO
	UL-TDOA
PSO
	UL-TDOA+UL-AoA
PSO
	Multi-RTT
PSO
	DL-TDOA
PSO
	UL-TDOA
PSO
	UL-TDOA+UL-AoA
PSO
	Multi-RTT
PSO

	Network synchronization assumptions
	gNB Rx/Tx Time error T1=1.4ns
UE Rx/Tx time error T1=5.6ns

	Beam-related assumption (beam sweeping / alignment assumptions at the tx and rx sides)
	Tx beam sweeping

	Precoding assumptions (codebook, nrof antenna elements used, etc)
	Tx codebook-based

	Additional notes, if any
	Fixed UE/gNB height.



Simulation results
The positioning error of 50%, 67%, 80%, 90% and 95% for all cases are summarized inTable 6. The detailed simulation results can be found in Figure 19 and Figure 20 in the Appendix A.
[bookmark: _Ref46916826]Table 6 Positioning accuracy (in unit of meter)
	
	Case
	50%
	67%
	80%
	90%
	95%

	FR1
	201
	All UE
	0.587
	0.874
	1.462
	3.540
	8.841

	
	
	Central UE
	0.462
	0.614
	0.829
	1.458
	4.584

	
	202
	All UE
	0.5937
	0.8672
	1.3135
	2.6395
	6.4564

	
	
	Central UE
	0.4653
	0.6145
	0.8120
	1.2343
	3.2444

	
	203
	All UE
	0.0699
	0.1180
	0.2034
	0.3878
	0.7570

	
	
	Central UE
	0.0661
	0.1094
	0.1750
	0.3251
	0.6576

	
	204
	All UE
	1.7167
	2.3902
	3.3592
	4.4076
	5.7510

	
	
	Central UE
	1.7105
	2.3963
	3.3574
	4.2662
	5.6313

	
	205
	All UE
	1.719
	4.034
	8.588
	15.330
	24.388

	
	
	Central UE
	1.391
	3.407
	8.570
	15.039
	24.121

	
	206
	All UE
	1.0065
	2.0631
	4.7037
	10.459
	15.899

	
	
	Central UE
	0.8741
	1.5739
	4.2751
	9.4102
	16.813

	
	207
	All UE
	0.0810
	0.184
	0.4251
	1.1961
	3.0589

	
	
	Central UE
	0.0717
	0.1577
	0.3371
	0.8662
	2.1206

	
	208
	All UE
	2.2640
	3.2695
	4.7279
	8.9874
	14.3457

	
	
	Central UE
	2.2784
	3.3381
	5.0728
	9.5701
	13.7623



Observation 5: The positioning accuracy of Rel-16 Multi-RTT is deteriorated greatly than other positioning methods with UE/gNB calibration error.
Observation 6: The positioning accuracy of less than 0.5m@90% can be achieved with UL-TDOA+UL-AOA.

UE power consumption
The evaluation results for UE power consumption are based on the evaluated cases discussed in [2], including the following five cases involving PRS measurement and SRS transmission
· PRS with no CDRX
· PRS with CDRX and PRS always in on-duration
· PRS with CDRX and PRS always outside on-duration
· SRS with no CDRX
· SRS with CDRX and SRS always in on-duration
The power model is based on TR 38.840 and presented in [2].
PRS with no CDRX
The simulation report on power consumption is summarized below, with the total power of 208507400 power units in 1000 seconds (2 million slots).
	State                     Time TimeRatio     Power  PwrRatio
PDCCH_PDSCH               5037  0.25185%   1511100  0.72472%
PRS_RRM                  75000  3.75000%  15000000  7.19399%
PDCCH_Only             1919963 95.99815% 191996300 92.08129%
Total Number of State: 3
Total Number of Slots: 2000000
Total Power: 208507400



The ratio of time and power for each UE power state is provided in Figure 1.
	
	


[bookmark: _Ref46757679]Figure 1 Ratio of time and power for each UE power state

The power state transit in time is shown in Figure 2 for 2.5 seconds duration (5000 slots).
[image: ]
[bookmark: _Ref46757685]Figure 2 UE power state transmit in 5000 slots (2.5s)

PRS with CDRX and PRS always in on-duration
The simulation report on power consumption is summarized below, with the total power of 81234601 power units in 1000 seconds (2 million slots).
	ĀState                     Time TimeRatio     Power  PwrRatio
LightSleep                2663  0.13315%     63460  0.07812%
MicroSleep                 269  0.01345%     12105  0.01490%
PDCCH_Only              608347 30.41735%  60834700 74.88767%
PDCCH_PDSCH               5035  0.25175%   1510500  1.85943%
PRS_RRM                  75000  3.75000%  15000000 18.46504%
DeepSleep              1308686 65.43430%   3813836  4.69484%
Total Number of State: 6
Total Number of Slots: 2000000
Total Power: 81234601



The ratio of time and power for each UE power state is provided in Figure 3.
	
	


[bookmark: _Ref46756964]Figure 3 Ratio of time and power for each UE power state

The power state transit in time is shown in Figure 4 for 2.5 seconds duration (5000 slots).
[image: ]
[bookmark: _Ref46757128]Figure 4 UE power state transmit in 5000 slots (2.5s)

PRS with CDRX and PRS always outside on-duration
The simulation report on power consumption is summarized below, with the total power of 90052867 power units in 1000 seconds (2 million slots).
	State                     Time TimeRatio     Power  PwrRatio
LightSleep                3472  0.17360%     82940  0.09210%
MicroSleep                 307  0.01535%     13815  0.01534%
PDCCH_Only              680824 34.04120%  68082400 75.60270%
PDCCH_PDSCH               5035  0.25175%   1510500  1.67735%
PRS_RRM                  75000  3.75000%  15000000 16.65688%
DeepSleep              1235362 61.76810%   5363212  5.95563%
Total Number of State: 6
Total Number of Slots: 2000000
Total Power: 90052867



The ratio of time and power for each UE power state is provided in Figure 5.
	
	


[bookmark: _Ref46758334]Figure 5 Ratio of time and power for each UE power state

The power state transit in time is shown in Figure 6 for 2.5 seconds duration (5000 slots).
[image: ]
[bookmark: _Ref46758340]Figure 6 UE power state transmit in 5000 slots (2.5s)

SRS with no CDRX
The simulation report on power consumption is summarized below, with the total power of 202319900 power units in 1000 seconds (2 million slots).
	State                     Time TimeRatio     Power  PwrRatio
PDCCH_PDSCH               5023  0.25115%   1506900  0.74481%
PDCCH_SRS                 6236  0.31180%   1933160  0.95550%
PDCCH_PDSCH_SRS             14  0.00070%      7140  0.00353%
PDCCH_Only             1988727 99.43635% 198872700 98.29616%
Total Number of State: 4
Total Number of Slots: 2000000
Total Power: 202319900



The ratio of time and power for each UE power state is provided in Figure 7.
	
	


[bookmark: _Ref46758707]Figure 7 Ratio of time and power for each UE power state

The power state transit in time is shown in Figure 8 for 2.5 seconds duration (5000 slots).
[image: ]
[bookmark: _Ref46758712]Figure 8 UE power state transmit in 5000 slots (2.5s)

SRS with CDRX and SRS always in on-duration
The simulation report on power consumption is summarized below, with the total power of 76138397 power units in 1000 seconds (2 million slots).
	State                     Time TimeRatio     Power  PwrRatio
LightSleep                2740  0.13700%     65300  0.08576%
MicroSleep                 267  0.01335%     12015  0.01578%
PDCCH_Only              688274 34.41370%  68827400 90.39775%
PDCCH_PDSCH               4987  0.24935%   1496100  1.96497%
PDCCH_SRS                 6202  0.31010%   1922620  2.52516%
PDCCH_PDSCH_SRS             48  0.00240%     24480  0.03215%
DeepSleep              1297482 64.87410%   3790482  4.97841%
Total Number of State: 7
Total Number of Slots: 2000000
Total Power: 76138397



The ratio of time and power for each UE power state is provided in Figure 9.
	
	


[bookmark: _Ref46759130]Figure 9 Ratio of time and power for each UE power state

The power state transit in time is shown in Figure 10 for 2.5 seconds duration (5000 slots).
[image: ]
[bookmark: _Ref46759136]Figure 10 UE power state transmit in 5000 slots (2.5s)

Summary of UE power consumption
	
	Total Power
	Positioning power
	Positioning slot power ratio

	PRS w/o CDRX
	208507400
	15000000
	7.19399%

	PRS w/ CDRX in on-duration
	81234601
	15000000
	18.46504%

	PRS w/ CDRX outside on-duration
	90052867
	15000000
	16.65688%

	SRS w/o CDRX
	202319900
	1933160+7140
	0.95550%+0.00353%Note 1

	SRS w/ CDRX in ou-duration
	76138397
	1922620+24480
	2.52516%+0.03215% Note 1

	Note 1: This includes power contribution from PDCCH and PDSCH (if any) in the SRS slot.



Observation 7: PRS measurement takes 7% power consumption without C-DRX and ~18% power consumption with C-DRX.
Observation 8: SRS transmission takes 1% power consumption without C-DRX and 2.7% power consumption with C-DRX.

Conclusion
Based on the simulation results and the discussion, we have the following observations:
Observation 1:  The hybrid positioning can help to improve the positioning accuracy, e.g. UL-TDOA+UL-AOA, DL-TDOA+DL-AOD.
Observation 2:  The positioning accuracy of the center area UEs is generally higher than the edge area UEs.
Observation 3:  For InF-SH, the accuracy of less than 0.2m@90% can be achieved with DL-TDOA+DL-AOD and UL-TDOA+UL-AOA in FR2, and the accuracy of less than 0.5m@90% can be achieved with UL-TDOA+UL-AOA in FR1 and Multi-RTT in FR2.
Observation 4: For modified InF-DH, the accuracy of less than 0.5m@90% cannot be achieved without NLOS/LOS detection.
Observation 5: The positioning accuracy of Rel-16 Multi-RTT is deteriorated greatly than other positioning methods with UE/gNB calibration error.
Observation 6: The positioning accuracy of less than 0.5m@90% can be achieved with UL-TDOA+UL-AOA.
Observation 7: PRS measurement takes 7% power consumption without C-DRX and ~18% power consumption with C-DRX.
Observation 8: SRS transmission takes 1% power consumption without C-DRX and 2.7% power consumption with C-DRX.
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Appendix A
The detailed simulation results are as follows:
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[bookmark: _Ref46915994]Figure 11 CDF results for FR1 InF-SH
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Figure 12 CDF results for FR1 InF-DH
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Figure 13 CDF results for FR2 InF-SH
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[bookmark: _Ref47686086]Figure 14 CDF results for FR2 InF-DH
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[bookmark: _Ref46916677]Figure 15 CDF results for FR1 with modified InF-DH
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Figure 16 CDF results for FR1 with modified InF-DH and variable height
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Figure 17 CDF results for FR2 with modified InF-DH
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[bookmark: _Ref46916693]Figure 18 CDF results for FR2 with modified InF-DH and variable height
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[bookmark: _Ref46916848]Figure 19 CDF results for FR1 InF-SH with UE/gNB calibration error
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[bookmark: _Ref46916856]Figure 20 CDF results for FR1 InF-DH with UE/gNB calibration error


Time	
LightSleep	MicroSleep	PDCCH_Only	PDCCH_PDSCH	PRS_RRM	DeepSleep	2663	269	608347	5035	75000	1308686	


Power	
LightSleep	MicroSleep	PDCCH_Only	PDCCH_PDSCH	PRS_RRM	DeepSleep	63460	12105	60834700	1510500	15000000	3813836	


Time	
LightSleep	MicroSleep	PDCCH_Only	PDCCH_PDSCH	PRS_RRM	DeepSleep	3472	307	680824	5035	75000	1235362	


Power	
LightSleep	MicroSleep	PDCCH_Only	PDCCH_PDSCH	PRS_RRM	DeepSleep	82940	13815	68082400	1510500	15000000	5363212	


Time	
PDCCH_PDSCH	PDCCH_SRS	PDCCH_PDSCH_SRS	PDCCH_Only	5023	6236	14	1988727	


Power	
PDCCH_PDSCH	PDCCH_SRS	PDCCH_PDSCH_SRS	PDCCH_Only	1506900	1933160	7140	198872700	


Time	
LightSleep	MicroSleep	PDCCH_Only	PDCCH_PDSCH	PDCCH_SRS	PDCCH_PDSCH_SRS	DeepSleep	2740	267	688274	4987	6202	48	1297482	


Power	
LightSleep	MicroSleep	PDCCH_Only	PDCCH_PDSCH	PDCCH_SRS	PDCCH_PDSCH_SRS	DeepSleep	65300	12015	68827400	1496100	1922620	24480	3790482	


Time	
PDCCH_PDSCH	PRS_RRM	PDCCH_Only	5037	75000	1919963	


Power	
PDCCH_PDSCH	PRS_RRM	PDCCH_Only	1511100	15000000	191996300	
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