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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
RAN1 has spent three meetings to discuss UTDOA for NB-IoT and the latest conclusion included in RAN1 chair’s status report to plenary is copied as follows [1],
· RAN1#86bis concluded that the Rel-13 NPRACH preamble is the best candidate and can be used as a signal for NB-IoT UTDOA in some scenarios
In this paper, we give overall analysis and evaluation for UTDOA, comparison of evaluation results to OTDOA is also addressed to show the advantage of UTDOA on some important aspects for positioning application. That is the reason why we propose to finish specification of UTDOA reusing Rel-13 NPRACH preamble as well as introducing OTDOA, which is also as per WID guidance [2].   
Discussion 
1.1 NPDCCH order NPRACH based UTDOA
In existing E-UTRAN positioning architecture, UE is assumed to be already in RRC-connected state before receiving a location service request from the network [3]. For those NB-IoT RRC-connected UEs subject to a location service request, Rel-13 NPRACH preamble can be transmitted on an assigned sub-carrier index explicitly signaled by NPDCCH order in anchor carrier. Furthermore, for each NRPACH resource i.e. coverage level, individually, network can reserve subcarriers only for NPDCCH ordered NPRACH transmission within the coverage level [4]. That means for each coverage level of the anchor carrier, Rel-13 NPRACH preamble can be transmitted on an assigned sub-carrier index in reserved NPRACH resource explicitly signaled by NPDCCH order. This is illustrated in Figure 1.
[image: ]
Figure 1 NPDCCH order NPRACH preamble
Observation 1: The following characteristics of Rel-13 NPRACH preamble transmissions make it suitable for UTDOA:
· NPDCCH ordered NPRACH preamble is transmitted on an explicitly signaled sub-carrier index and coverage level.
· Network can reserve NPRACH resource only for NPDCCH ordered NPRACH preamble transmission within each coverage level by configuration.
· NPRACH preamble can be ordered to transmit on reserved NPRACH resources within UE’s coverage level.
For a given coverage level, if the configured number of repetitions of NPRACH preamble transmission is not sufficient for UTDOA measurement with one NPDCCH order, network can trigger multiple requests for a given UE to transmit NPRACH preamble on different NPRACH occasions and then receivers can at least accumulate measurement to improve the positioning accuracy, which is similar as periodical SRS based UTDOA in LTE. 
In some cases, more aggressive NPRACH configurations can further improve UTDOA performance such as by NPDCCH orders positioning UE to transmit NPRACH preamble beyond its coverage level. This is beneficial for UTDOA performance in terms of accuracy or latency etc., because UE may transmit with higher output power (i.e. UE transmits at maximum power on configured NPRACH resources other than the lowest configured in the cell) to improve hearability. However, UE transmits positioning preamble with higher power beyond its coverage level may cause interference to other simultaneous non-positioning transmissions due to in-band emission, so this should be taken  care of by network coordination. To handle this, the following principles can be used:
· Try to provide a dedicated NPRACH resource for positioning signal transmission, which occupies a full 180 kHz bandwidth to avoid interfering other NPUSCH transmission.
· Avoid other NPRACH preamble, not for positioning, being often present in the resource.
Such NPRACH resource simply through combination of NPRACH parameter configurations. For example, configure three coverage levels with repetition number of 4, 32 and 128 respectively. Meanwhile, configure two values of RSRP-threshold, the first corresponding to MCL 144 dB and for UE to select coverage level 0 and level 1, the other is set to allowable minimum value (i.e. -140dBm) specified in RRC signaling information element. By such configuration, it can be expected almost all UEs will select the first NPRACH resource with 4 repetitions or the second NPRACH resource with 32 repetitions to perform initial random access, because if UE measured NRSRP lower than -140dBm this cell is rarely suitable for camping. Then, for the purpose of positioning, network can order NPRACH preamble transmission on the third resource with 128 repetitions. In the case there are still UEs possibly selecting the third NPRACH resource due to camping on the cell below -140 dBm in large enough numbers to cause unacceptable collisions, the network can configure only one value of RSRP-threshold corresponding to MCL 144dB while still configuring NPRACH resources of three different coverage levels. In this situation, resource of coverage level 3 will not be selected for those UE attempt to random access the network. Such combination of NPRACH parameter configurations are shown in Figure 3. Note that they are not unique configurations and others can also be readily found to support UTDOA appropriately. 
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Figure 2 an example of NPDCCH order NPRACH preamble beyond UEs coverage level
In the case when positioning transmits NPRACH preamble at a level higher than implied by its coverage level, for the interference between transmissions for the purpose of positioning, it depends on network scheduling to harmonize. It is expected to be feasible when system load is low, especially in early deployment.
Observation 2: NPDCCH ordered NPRACH preamble transmission in a level higher than UE’s coverage level can further improve hearability by multiple receivers.
· Impact from in-band emission interference can be reduced by appropriate network coordination.
UTDOA and in-band requirement for the uplink transmission are also specified in LTE, where one SRS transmission used for UTDOA measurement may be suffering interference from other SRS or PUSCH/PUCCH depending on the non-ideal timing synchronization between different links. Although SRS transmission is under open loop power control, assuming all of cells set same P0 for uplink power control, UE in cell A transmits SRS for positioning is possibly suppressed by in-band emission from transmissions in cell B due to large difference of path loss, this is illustrated in Figure 4. The range of PL_B – PL_A (e.g. 60dB) can be much larger than the requirement of in-band emission (e.g. 30dB), this results UE0’s signal strength arrival at cell B is much lower than P0, which is severely impacted by UE1’s transmission in cell B. Note that the reporting range of RSRP in LTE is defined from -140 dBm to -44 dBm [5] which is indicating the difference of coupling loss between cells can be large up to more than 96dB.
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Figure 3 Illustration of in-band emission interference in LTE UTDOA
Observation 3: SRS is already specified for UTDOA in LTE, where even though it can be affected by interference from in-band emissions, it is left to network coordination to decide what to do.
In Rel-13, NPRACH preamble is present in anchor carrier, which can already support more than 50k users per cell for random access at low collision rate less than 1% [6]. Although network need to reserve some NPRACH resources for UTDOA positioning, the preamble transmission is ordered by eNB so there won’t be collision with the cell. Thus for positioning, it is not necessary to exploit too much resource margin to decrease the collision rate which is used for initial random access. The system load is expected to be low in early deployment networks.
Observation 4: There is no collision between NPRACH preamble transmissions ordered by NPDCCH within the cell. For positioning, it is not necessary to exploit much NPRACH resource margin to decrease the collision rate which is used for initial random access. Reusing Rel-13 NPRACH preamble for UTDOA does not consume too much capacity and is beneficial for early deployment.
1.2 Non-anchor NPRACH transmission
In Rel-14, NPRACH is introduced to non-anchor carrier and there can be a maximum of 16 non-anchor carriers per cell [7]. It is also supported that NPDCCH order NPRACH to transmit on non-anchor carrier [8]. If the system load grows high in anchor carrier and not sufficient to support massive UTDOA requests, the network can balance positioning requests to non-anchor carriers. As UE numbers grow, they are more likely to implement features from later Releases. Thus, system capacity for positioning is extended much more from Rel-14.
Observation 5: NPDCCH order NPRACH preamble transmission on non-anchor carriers can further improve the UTDOA positioning capacity in Rel-14.
1.3 Evaluation of UTDOA
Two cases are listed in Table 1. The evaluation is following agreed simulation assumptions in [9]. 
Table 1 Cases for UTDOA evaluation
	Case
	Repetition of NPRACH
	Frequency reuse

	1
	128
	1

	2
	32
	4



1.3.1 Accuracy
The simulation results of case1 are summarized as following.
For case1 in the indoor scenario,
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Figure 4 CDF of positioning accuracy for case 1 indoor of EPA 1Hz (left) and ETU 1Hz (right)
Table 2 Positioning accuracy (meters of error) for case1 indoor scenario in EPA 1Hz
	Case 1: Indoor scenario, EPA1Hz
	Load = 0.1
	Load = 0.5
	Load = 1.0

	Horizontal accuracy@67%
	17.3 m
	48.9 m
	72.7 m


Table 3 Positioning accuracy (meters of error) for case1 indoor scenario in ETU 1Hz
	Case 1: Indoor scenario, ETU1Hz
	Load = 0.1
	Load = 0.3
	Load = 0.5
	Load = 1.0

	Horizontal accuracy@67%
	34.1 m
	57.1 m
	66.7 m
	93.1 m


For case 1 in the outdoor scenario,
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Figure 5 CDF of positioning error for case 1 outdoor of EPA 2.5Hz (left) and ETU 2.5Hz (right)
Table 4 Positioning accuracy (meters of error) for case1 outdoor scenario in EPA 2.5Hz
	Case 2: Outdoor scenario, EPA 2.5Hz
	Load = 0.1
	Load = 0.4
	Load = 0.5
	Load = 1.0

	Horizontal accuracy@67%
	12.1 m
	48.3 m
	59.9 m
	74.5 m


Table 5 Positioning accuracy (meters of error) for case1 outdoor scenario in ETU 2.5Hz
	Case 2: Outdoor scenario, ETU 2.5Hz
	Load = 0.1
	Load = 0.3
	Load = 0.5
	Load = 1.0

	Horizontal accuracy@67%
	27.6 m
	48.2 m
	74.5 m
	90.8 m



Similar link-level performance of timing error estimation based on NPRACH for Doppler 2.5 Hz and 25 Hz are shown in Figure 3. Thus it can be expected outdoor positioning accuracy will be similar between the two.
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Figure 6 CDF of uplink timing error for EPA with Doppler 2.5Hz and 25Hz
The additional simulation results of case 2 are summarized as following.
For case 2 in the indoor scenario,
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Figure 7 CDF of positioning error for case 2 indoor of EPA 1Hz (left) and ETU 1Hz (right)
Table 6 Positioning accuracy (meters of error) for case2 indoor scenario in EPA 1Hz
	Case 2: Indoor scenario, EPA 1Hz
	Load = 0.1
	Load = 0.5
	Load = 1.0

	Horizontal accuracy@67%
	14.8 m
	82.1 m
	>100 m


Table 7 Positioning accuracy (meters of error) for case2 indoor scenario in ETU 1Hz
	Case 2: Indoor scenario, ETU 1Hz
	Load = 0.1
	Load = 0.5
	Load = 1.0

	Horizontal accuracy@67%
	49.3 m
	122.3 m
	>200 m


For case 2 in the outdoor scenario,
[bookmark: _GoBack][image: cid:image005.png@01D26CBB.E8FDFF90][image: cid:image006.png@01D26CBB.E8FDFF90]
Figure 8 CDF of positioning error for case 2 outdoor of EPA 2.5Hz (left) and ETU 2.5Hz (right)
Table 8 Positioning accuracy (meters of error) for case2 outdoor scenario in EPA 2.5Hz
	Case 2: Outdoor scenario, EPA 2.5Hz
	Load = 0.1
	Load = 0.5
	Load = 1.0

	Horizontal accuracy@67%
	7.8 m
	48.1 m
	>100 m


Table 9 Positioning accuracy (meters of error) for case2 outdoor scenario in ETU 2.5Hz
	Case 2: Outdoor scenario, ETU 2.5Hz
	Load = 0.1
	Load = 0.5
	Load = 1.0

	Horizontal accuracy@67%
	29.9 m
	68.3 m
	>200 m



Observation 6: UTDOA can achieve positioning accuracy (< ~50m) when system load is not high.
1.3.2 UE complexity
Reusing existing Rel-13 NPRACH preamble as the positioning reference signal for uplink positioning, means no additional complexity is introduced for Rel-13 UEs and also for Rel-14 UEs. And UE is transparent for UTDOA, means no additional positioning protocol signaling is introduced for UE as well. For OTDOA, UE needs efforts to support OTDOA in measurements, reports, and protocols.
Observation 7: UTDOA positioning using Rel-13 NPRACH preamble adds no complexity to the UE of Rel-13 or Rel-14.





1.3.3 UE power consumption
We use the same methodology as in TR45.820 to evaluate the power consumption and the parameters are listed as follows:
Table 10 Basic Parameter for the power consumption evaluation
	Operating mode
	Signal
	Power (mW)

	Transmit
(+23 dBm)
	NPUSCH,NPRACH, Random Access
	500

	Receive
	NPSS/NSSS
	90

	
	NPBCH, NPDCCH, NPDSCH
	90

	Sleep
	-
	3

	Standby
	-
	[bookmark: OLE_LINK1]0.015

	Battery capacity
	-
	5Wh



For UTDOA, here we evaluate power consumption with Rel-13 NPRACH preamble as the positioning signal. Since when UE transmits uplink positioning signal, as many as possible neighbor cells need to be able to receive it, above case 1 of a maximum number of repetitions (i.e. 128) is always assumed for the UE no matter what MCLs it has in the serving cell. An alternative of case 2 with 32 repetitions is also evaluated.
Assuming UE in each positioning request will go through the whole RACH/RRC setup and related procedure as described in [10], and the downlink transmit power is different for stand-alone case and in-band/guard band cases, different results are summarized in Table 11 for case 1, Table 12 for case2, corresponding to the number of positioning requests. 
Table 11 Battery consumed for UTDOA case 1
	Case 1, stand-alone
	Battery life consumption %
	Case 1, 
in- band/guard
	Battery life consumption %

	Positioning request times
	144 dB
	154 dB
	164 dB
	Positioning request times
	144 dB
	154 dB
	164 dB

	100
	0.24%
	0.28%
	0.58%
	100
	0.25%
	0.35%
	1.10%

	200
	0.49%
	0.57%
	1.17%
	200
	0.51%
	0.70%
	2.20%

	500
	1.22%
	1.42%
	2.92%
	500
	1.27%
	1.74%
	5.49%

	1000
	2.44%
	2.84%
	5.84%
	1000
	2.53%
	3.48%
	10.99%



Table 12 Battery consumed for UTDOA case 2
	Case 2, stand-alone
	Battery life consumption %
	Case 2, 
in- band/guard
	Battery life consumption %

	Positioning request times
	144 dB
	154 dB
	164 dB
	Positioning request times
	144 dB
	154 dB
	164 dB

	100
	0.07%
	0.11%
	0.42%
	100
	0.09%
	0.18%
	0.96%

	200
	0.15%
	0.23%
	0.83%
	200
	0.17%
	0.37%
	1.92%

	500
	0.37%
	0.57%
	2.09%
	500
	0.43%
	0.92%
	4.80%

	1000
	0.74%
	1.14%
	4.17%
	1000
	0.87%
	1.84%
	9.61%



For example, if there are 1000 positioning requests during the battery lifetime in standalone, they can occur at approximately 0.5 week intervals in 164 dB MCL. For in-band operation, a 0.5 week interval in 164 dB MCL (on every positioning occasion) would suggest at least 9 year battery life. In practice, most NB-IoT UEs will experience varying MCL during their lifetime and the battery impact will be smaller than this worst case. For OTDOA, UE needs to perform measurement and report multiple cells which consume much more battery, we also evaluate the OTDOA UE power consumption in Annex for comparison.
Observation 8: The battery life of a UE using NPRACH for UTDOA is not reduced substantially from 10 years, regardless of operation mode and MCL, which is a significant advantage on battery life compared to OTDOA.
1.3.4 Latency
Positioning latency in the air-interface mainly depends on duration of the downlink reception and the uplink transmission. The main difference between UTDOA and OTDOA is that UE only needs to transmit for UTDOA but needs to perform measurement and report of multiple cells for OTDOA. For the different part, the positioning latency of UTDOA for case 1 and case 2 are 819.2ms (less than 1s even consider the uplink compensation gap) and 204.8ms respectively. The positioning latency of OTDOA is summarized in Annex, which is up to tens of seconds and much larger than UTDOA.
Observation 9: UTDOA can have much lower positioning latency compared to OTDOA.
Conclusion
It is concluded with the following proposal and above observations.
Proposal 1: RAN1 concludes its verification of UTDOA, and Rel-13 NPRACH preamble is the UTDOA positioning reference signal.
Observation 1: The following characteristics of Rel-13 NPRACH preamble transmissions make it suitable for UTDOA:
· NPDCCH ordered NPRACH preamble is transmitted on an explicitly signaled sub-carrier index and coverage level.
· Network can reserve NPRACH resource only for NPDCCH ordered NPRACH preamble transmission within each coverage level by configuration.
· NPRACH preamble can be ordered to transmit on reserved NPRACH resources within UE’s coverage level.
Observation 2: NPDCCH ordered NPRACH preamble transmission in a level higher than UE’s coverage level can further improve hearability by multiple receivers.
· Impact from in-band emission interference can be reduced by appropriate network coordination.
Observation 3: SRS is already specified for UTDOA in LTE, where even though it can be affected by interference from in-band emissions, it is left to network coordination to decide what to do.
Observation 4: There is no collision between NPRACH preamble transmissions ordered by NPDCCH within the cell. For positioning, it is not necessary to exploit much NPRACH resource margin to decrease the collision rate which is used for initial random access. Reusing Rel-13 NPRACH preamble for UTDOA does not consume too much capacity and is beneficial for early deployment.
Observation 5: NPDCCH order NPRACH preamble transmission on non-anchor carriers can further improve the UTDOA positioning capacity in Rel-14.
Observation 6: UTDOA can achieve positioning accuracy (< ~50m) when system load is not high.
Observation 7: UTDOA positioning using Rel-13 NPRACH preamble adds no complexity to the UE of Rel-13 or Rel-14.
Observation 8: The battery life of a UE using NPRACH for UTDOA is not reduced substantially from 10 years, regardless of operation mode and MCL, which is a significant advantage on battery life compared to OTDOA.
Observation 9: UTDOA can have much lower positioning latency compared to OTDOA.
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Annex A: Evaluation of OTDOA
A.1 Accuracy
Table A-1 OTDOA positioning accuracy, EPA
	Scenarios
	[bookmark: OLE_LINK26][bookmark: OLE_LINK27]Based on measurement time of 600ms 
	Based on measurement time of 1200ms 

	In-band
	Indoor
(1 Hz Doppler)
	29.1
	26.5

	
	Outdoor
(2.5 Hz Doppler)
	27.8
	26.6

	
	Outdoor
(25 Hz Doppler)
	28.7
	27.5

	Standalone
	Indoor
(1 Hz Doppler)
	27.1
	24.2

	
	Outdoor
(2.5 Hz Doppler)
	24.6
	22.6

	
	Outdoor
(25 Hz Doppler)
	26.3
	23.5



Table A-2 OTDOA positioning accuracy, ETU
	Scenarios
	Based on measurement time of 600ms
	Based on measurement time of 1200ms

	Inband
	Indoor
(1Hz Doppler)
	136.1
	101.4

	
	Outdoor
(2.5Hz Doppler)
	90.7
	69.4

	
	Outdoor
(25Hz Doppler)
	42.1
	32.5

	Standalone
	Indoor
(1Hz Doppler)
	135.8
	100.6

	
	Outdoor
(2.5Hz Doppler)
	90.3
	68.5

	
	Outdoor
(25Hz Doppler)
	39.4
	32.5



[bookmark: _Ref462498186]A.2 UE Complexity
[bookmark: OLE_LINK374][bookmark: OLE_LINK375]Compared to Rel-13 UE, we need to consider what may be the changes to UE complexity and cost. Similarly to synchronization procedure, correlation operation is applied for NPRS detection, which dominates the device complexity required for positioning signal detection. A fast correlation method, DFT-based overlap-save method [11], is used for NPRS detection. As part of this, FFT/IFFTs are implemented using the split-radix FFT algorithm, thereby requiring 4Nlog2(N)-6N+8 operations for a length-N FFT.
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]For the following complexity evaluation, 1 subframe per 10ms is assumed for NPRS transmission. The measurement procedure for downlink positioning involves coarse synchronization and fine synchronization. In the phase of coarse synchronization, UE detects NPRS with the sampling rate of 240 kHz within a 10 ms period. After coarse synchronization, ± 1 sample (with 240 kHz sampling rate) timing error can be achieved. In the phase of fine synchronization, the received NPRS subframe is also sampled with 240 kHz sampling rate. In the last IFFT operation of DFT-based sliding correlation, 16 times oversampling which is realized by inserting a sequence of zeros in frequency domain is performed to obtain a refined result of peak searching.
The parameters of measurement for downlink positioning are shown in Table A-3.
[bookmark: _Ref462835562]Table A-3 Parameters of measurement for OTDOA
	Coarse synchronization
DFT-based overlap-save method
	Fine synchronization
Cross correlation in time domain

	Parameter
	Symbol
	Value
	Parameter
	Symbol
	Value

	Sampling rate
	F
	240 kHz
	Sampling rate
	F
	240 kHz

	Number of local NPRS samples
	L
	240
	Times of oversampling
	T
	16

	Number of received signal samples to be detected
	R
	2400
	Number of local NPRS samples
	L
	240

	FFT length
	N
	1024
	Number of received signal samples 
	R
	240

	Samples per overlap-save block
	B
	[bookmark: OLE_LINK74][bookmark: OLE_LINK75]N-L+1 = 785
	FFT length
	N
	256

	Number of cross correlation with local NPRS
	M
	[bookmark: OLE_LINK76]⌈R/B⌉ = 4
	
	
	



The complexity of measurement for downlink positioning is shown in Table A-4.
[bookmark: _Ref462848559]Table A-4 Complexity of measurement for OTDOA
	Coarse synchronization
DFT-based overlap-save method
	Fine synchronization
Cross correlation in time domain

	Step description
	Arithmetic expressions
	Value
	Step description
	Arithmetic expressions
	Value

	FFT(Mop/s)
	M*(4Nlog2(N)-6N+8)
	13.9
	FFT(Mop/s)
	4Nlog2(N)-6N+8
	0.67

	Multiply received signal FFT with local NPRS FFT(Mop/s)
	M*N*6
	2.5
	Multiply received signal FFT with local NPRS FFT(Mop/s)
	N*6
	0.15

	IFFT(Mop/s)
	M*(4Nlog2(N)-6N+8)
	13.9
	IFFT(Mop/s)
	4(N*T)log2(N*T)-6N*T+8
	17.2

	Square(Mop/s)
	M*N*3
	1.2
	Square(Mop/s)
	N*T*3
	1.23

	Total(Mop/s)
	
	31.5
	
	
	19.25

	Actual(Mop/s)
	31.5



A.3 UE power consumption
Reuse same evaluation parameters in Table 10, UE power consumption for OTDOA are summarized in following tables.
Table A-5 Battery consumed for OTDOA in stand-alone mode, configure 6 cells
	Configure 6 cells
	Battery life consumption with 50Bytes Report %
	Configure 6 cells
	Battery life consumption with 50Bytes Report %

	Measurement duration
(600ms per cell)
	3600ms
	Measurement duration
(1200ms per cell)
	7200ms

	Positioning request times
	144 dB
	154 dB
	164 dB
	Positioning request times
	144 dB
	154 dB
	164 dB

	100
	0.24%
	0.37%
	1.34%
	100
	0.44%
	0.57%
	1.54%

	200
	0.48%
	0.74%
	2.68%
	200
	0.88%
	1.14%
	3.08%

	500
	1.21%
	1.85%
	6.69%
	500
	2.21%
	2.85%
	7.69%

	1000
	2.42%
	3.70%
	13.39%
	1000
	4.42%
	5.70%
	15.39%



Table A-6 Battery consumed for OTDOA in stand-alone mode, configure 24 cells (maximum in LPP)
	Configure 24 cells
	Battery life consumption with 4 times of 50Bytes Report %
	Configure 24 cells
	Battery life consumption with 4 times of 50Bytes Report %

	Measurement duration
(600ms per cell)
	14400ms
	Measurement duration
(1200ms per cell)
	28800ms

	Positioning request times
	144 dB
	154 dB
	164 dB
	Positioning request times
	144 dB
	154 dB
	164 dB

	100
	0.88%
	1.25%
	4.18%
	100
	1.68%
	2.05%
	4.98%

	200
	1.77%
	2.50%
	8.37%
	200
	3.37%
	4.10%
	9.97%

	500
	4.42%
	6.26%
	20.91%
	500
	8.42%
	10.26%
	24.91%

	1000
	8.84%
	12.52%
	41.83%
	1000
	16.84%
	20.52%
	49.83%



Table A-7 Battery consumed for OTDOA in in-band/guard band mode, configure 6 cells
	Configure 6 cells
	Battery life consumption with 50Bytes Report %
	Configure 6 cells
	Battery life consumption with 50Bytes Report %

	Measurement duration
(600ms per cell)
	3600ms
	Measurement duration
(1200ms per cell)
	7200ms

	Positioning request times
	144 dB
	154 dB
	164 dB
	Positioning request times
	144 dB
	154 dB
	164 dB

	100
	0.26%
	0.48%
	2.20%
	100
	0.46%
	0.68%
	2.40%

	200
	0.52%
	0.96%
	4.40%
	200
	0.92%
	1.36%
	4.80%

	500
	1.29%
	2.40%
	11.00%
	500
	2.29%
	3.40%
	12.00%

	1000
	2.59%
	4.79%
	22.00%
	1000
	4.59%
	6.79%
	24.00%



Table A-8 Battery consumed for OTDOA in in-band/guard mode, configure 24 cells (maximum in LPP)
	Configure 24 cells
	Battery life consumption with 4 times of 50Bytes Report %
	Configure 24 cells
	Battery life consumption with 4 times of 50Bytes Report %

	Measurement duration
(600ms per cell)
	14400ms
	Measurement duration
(1200ms per cell)
	28800ms

	Positioning request times
	144 dB
	154 dB
	164 dB
	Positioning request times
	144 dB
	154 dB
	164 dB

	100
	0.90%
	1.34%
	4.82%
	100
	1.70%
	2.14%
	5.62%

	200
	1.80%
	2.68%
	9.64%
	200
	3.40%
	4.28%
	11.24%

	500
	4.51%
	6.70%
	24.10%
	500
	8.51%
	10.70%
	28.10%

	1000
	9.02%
	13.40%
	48.21%
	1000
	17.02%
	21.40%
	56.21%



A.4 Latency
Positioning latency in the air-interface mainly depends on duration of the downlink reception and the uplink transmission. The main difference between UTDOA and OTDOA is that UE only needs to transmit for UTDOA but needs to perform measurement and report of multiple cells for OTDOA. For the different part, the positioning latency of OTDOA is the measurement duration and report duration. From above tables in power consumption evaluation, it can be seen the measurement latency can be from 3.6 seconds to 28.8 seconds, and the latency will be larger when considering the duration for measurement report.
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