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In RAN#73, the work item for enhancement of NB-IoT was updated and the following was agreed on introducing positioning functionality [1]:
· OTDOA is supported
· Baseline signal(s) are: NB-IoT Rel-13 signals, LTE CRS/PRS in 1 PRB
· To use a new signal other than above, RAN1 should find substantial performance/UE complexity benefit over using a signal in the above list, without significant UE complexity or power consumption impact
· UTDOA positioning is supported under the following conditions:
· It uses an existing NB-IoT transmission
· It can be used by Rel-13 UEs
· Any signal used for positioning needs to have its accuracy, complexity, UE power consumption performance confirmed in RAN1
· Final approval of RAN3, RAN4 CRs relating to a particular method (OTDOA/UTDOA) are conditional on this RAN1 verification
This contribution will discuss the procedural and power consumption model for NB-IoT positioning, and give the evaluation results on OTDOA for power consumption and complexity analysis.
[bookmark: _Ref457656781]Positioning process
According to LTE Positioning Protocol (LPP), the downlink positioning process can be represented in simplified form in Figure 1 for OTDOA [4].
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[bookmark: _Ref457650471]Figure 1 Positioning process of LPP protocol for downlink OTDOA
Here, we assume the message 1, 2, 3, and 4 are used to initialize the downlink positioning parameters, so they may not need to be re-sent every time location information is requested by E-SMLC. For OTDOA, UE will receive the request in message 5, then perform timing measurement and report measurement results in message 6.
Messages 5 and 6 can be sent through Control Plane or User Plane. They include NAS, PDCP, RLC and MAC header, and we can assume their size are less than 50 bytes each. See Annex A for details.
For each OTDOA positioning request, LPP server/MME pages the UE and sends message 5, UE performs the measurement and reports it in message 6. For each message sent between the LPP server and UE, it goes through the whole RACH/RRC setup and NPUSCH procedure as described in [2].


 
Figure 2  Procedures for UE sends or receives message from LPP server


[bookmark: _Ref462498186]Complexity evaluation
A new NPRS design for OTDOA is introduced in [5]. 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 [6], 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]In our NPRS design [5] based on a complex sequence, there is a baseline of  1 occurrence every 10ms. The measurement procedure for downlink positioning involves coarse synchronization with 240 kHz sampling rate and fine synchronization with 7.68 MHz sampling rate. In the phase of coarse synchronization, UE detects NPRS within a 10 ms period. After coarse synchronization, ± 1 sample (with 240 kHz sampling rate) timing error can be achieved. So in the phase of fine synchronization, UE only needw to detect NPRS within 2*1/240ms. Total cross correlations are 2* 7.68MHz/240kHz = 64. In order to reduce the complexity, every time domain cross correlation is done with 960 kHz sampling rate instead of with 7.68MHz.
The parameters of measurement for downlink positioning is shown in Table 1.
[bookmark: _Ref462835562]Table 1 Parameters of measurement for downlink positioning
	Coarse synchronization
DFT-based overlap-save method
	Fine synchronization
Cross correlation in time domain

	Parameter
	Symbol
	Value
	Parameter
	Symbol
	Value

	Sampling rate
	F
	240kHz
	Sampling rate
	F
	7.68MHz

	Number of local NPRS samples
	L
	240
	Actual used sampling rate for cross correlation
	Fs
	960kHz

	Number of received signal samples to be detected
	R
	2400
	Number of local NPRS samples
	L
	960

	FFT length
	N
	1024
	Number of cross correlation with local NPRS
	M
	64

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

	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 2.
[bookmark: _Ref462848559]Table 2 Complexity of measurement for downlink positioning
	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
	Multiply received signal with local NPRS (Mop/s)
	M*L*6
	36.8

	Multiply received signal FFTwith local NPRS FFT(Mop/s)
	M*N*6
	2.5
	Accumulation(Mop/s)
	M*(L-1)*2
	12.3

	IFFT(Mop/s)
	M*(4Nlog2(N)-6N+8)
	13.9
	Square(Mop/s)
	M*3
	0.02

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

	Total(Mop/s)
	
	31.5
	
	
	49.1

	Actual(Mop/s)
	49.1



As shown in Table 2, fine synchronization dominates the complexity measurement for downlink positioning. With current sampling rate, the complexity is acceptable. We can expect that if lowering the sampling rate of fine synchronization, a lower complexity can be achieved.
[bookmark: OLE_LINK1]Observation 1: With NPRS proposed in [5], the complexity of measurement for downlink positioning is acceptable for low complexity devices.
Power consumption evaluation
1.1 Assumptions
As discussed in section 2, the UE needs to receive and send message 5 and 6 as well as perform the measurement of NPRS. We use the same methodology as in TR45.820 to evaluate the power consumption and the parameters are as follows:
Table 4 Basic parameters for the power consumption evaluation
	Operating mode
	Signal
	Power (mW)

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

	Receive
	NPRS
	90

	
	NPBCH, NPDCCH, NPDSCH
	90

	Sleep
	
	3

	Standby
	
	0.015

	Battery capacity
	
	5Wh



For OTDOA, from the simulation in [3] (see Annex B for detail assumptions), 600ms or 1200ms is needed to identify and measure one cell. 



1.2 Results
We simulate performing 100/200/500/1000 positionings and each time one downlink measurement is performed, for OTDOA there is a report (message 6) sent back to the LPP server.
The simulation is done for in-band and standalone modes. The result is measured by the percentage of the total stored energy of the battery (5Wh) consumed. The simulation assumptions are shown in Annex B.
Table 7 Battery consumed for OTDOA in stand-alone mode 
(600ms measurement duration for one cell)
	
	Battery life consumption with 50Bytes Report %

	Measurement duration
	3600ms

	Measurement times
	144 dB
	154 dB
	164 dB

	100
	0.24%
	0.37%
	1.34%

	200
	0.48%
	0.74%
	2.68%

	500
	1.21%
	1.85%
	6.69%

	1000
	2.42%
	3.70%
	13.39%



Table 8 Battery consumed for OTDOA in stand-alone mode 
(1200ms measurement duration for one cell)
	
	Battery life consumption with 50Bytes Report %

	Measurement duration
	7200ms

	Measurement times
	144 dB
	154 dB
	164 dB

	100
	0.44%
	0.57%
	1.54%

	200
	0.88%
	1.14%
	3.08%

	500
	2.21%
	2.85%
	7.69%

	1000
	4.42%
	5.70%
	15.39%



Table 9 Battery consumed for OTDOA in in-band mode
(600ms measurement duration for one cell)
	
	Battery life consumption with 50Bytes Report %

	Measurement duration
	3600ms

	Measurement times
	144 dB
	154 dB
	164 dB

	100
	0.26%
	0.48%
	2.20%

	200
	0.52%
	0.96%
	4.40%

	500
	1.29%
	2.40%
	11.00%

	1000
	2.59%
	4.79%
	22.00%



Table 10 Battery consumed for OTDOA in in-band mode
(1200ms measurement duration for one cell)
	
	Battery life consumption with 50Bytes Report %

	Measurement duration
	7200ms

	Measurement times
	144 dB
	154 dB
	164 dB

	100
	0.46%
	0.68%
	2.40%

	200
	0.92%
	1.36%
	4.80%

	500
	2.29%
	3.40%
	12.00%

	1000
	4.59%
	6.79%
	24.00%



We can observe from the simulation:
The battery assumption of downlink positioning depends on the measurement duration and frequency of positioning request. The shorter measurement duration and less frequent positioning request, the less extra battery consumption for downlink positioning. When the measurement duration is less than 3600 ms for 6 cells，the extra battery consumption for downlink positioning is less than 5% for 144dB and 154dB MCL with stand-alone and in-band operation. Assuming 10 years battery life, if the frequency of positioning request is less than one half month, the extra battery consumption of downlink positioning is less than 5% for 164dB MCL with stand-alone and in-band operation. 
Observation 2: With NPRS proposed in [5], when the measurement duration is less than 3600 ms for 6 cells, the extra battery consumption for downlink positioning is less than 5% for 144dB and 154dB MCL for stand-alone and in-band operation.
Observation 3: With NPRS proposed in [5], assuming 10 years battery life, if the frequency of positioning request is less than one half month, the extra battery consumption of downlink positioning is less than 5% for 164dB MCL with stand-alone and in-band operation.
Observations
In this paper, we analyzed the UE complexity and power consumption for the options of OTDOA support for NB-IoT positioning. The observations from this analysis are as follows:
Observation 1: With NPRS proposed in [5], the complexity of measurement for downlink positioning is acceptable for low complexity devices.
Observation 2: With NPRS proposed in [5], when the measurement duration is less than 3600 ms for 6 cells, the extra battery consumption for downlink positioning is less than 5% for 144dB and 154dB MCL for stand-alone and in-band operation.
Observation 3: With NPRS proposed in [5], assuming 10 years battery life, if the frequency of positioning request is less than one half month, the extra battery consumption of downlink positioning is less than 5% for 164dB MCL with stand-alone and in-band operation.
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[bookmark: _Ref458680720]Annex A: Message size for RequestLocationInformantion and ProvideLocationInformation
For RequrestLocationInformation and ProvideLocationInformation, the following IEs must be supported:
· RequestLocationInformation
· ECID-RequestLocationInformation
· ProvideLocationInformation
· ECID-ProvideLocationInformation
· ECID-SignalMeasurementInformation
· MeasuredResultsElement
· physCellId (INTEGER)
· CellGlobalIdEUTRA-AndUTRA (Serving Cell Only)
· ARFCN-ValueEUTRA
· rsrp-Result (INTEGER)
· ue-RxTxTimeDiff (INTEGER)
· ECID-Error
· ECID-TargetDeviceErrorCauses
The LPP message size can be estimated according to [4], and the number of cells measured and report, in addition to LPP message, NAS, RRC, RLC and MAC head also need to be counted in and the final size of RequestLocationInformation (Msg5) is about 24 Bytes and ProvideLocationInformation (Msg6) is about 48 Bytes.
Annex B: Simulation assumptions
Table B.1	Link-level simulation assumptions for OTDOA
	Carrier frequency
	900 MHz

	BS Tx antenna
	1 for standalone
2 for in-band/guard-band

	UE Rx antenna
	1

	Fading channel model
	ETU 1Hz

	Residual frequency error
	Randomly chosen from the set {-50, 50} Hz

	Reference signal
	NPRS

	Measurement time duration
	600ms or 1200ms for standalone and in-band/guard-band



Table B.2	System-level assumptions for OTDOA
	Network synchronization
	synchronized without timing error

	Mobility
	Static

	Fading channel mode
	ETU 1Hz

	Reference signal
	NPRS



Microsoft_Visio___1111.vsdx
Rx: PSS/SSS
Rx: PBCH(MIB)
Rx: PDSCH(SIB1)
Tx: Preamble Msg1
Rx: DCI for Msg2 allocation
Rx: PDSCH(SIB2)
Rx: Random Access Response Msg2 w. UL grant
Tx: Msg3 RRC connection Request
Rx: DCI for Msg4 allocation + DL HARQ Ack
Rx: Msg4 RRC connection Setup
Tx: UL Harq Ack
Rx: UL Grant for RRC and data
Tx: RRC Conn Setup Complete + Data #1
Rx: UL Grant for data and Harq Ack
Tx: Data #2
Rx: DL Allocation for RLC-AM Ack + Harq Ack
Rx: RLC-AM Ack
Tx: Harq Ack for RLC-AM Ack
Rx: DL Allocation for Application Ack
Rx: Application Ack
Tx: Harq Ack for Application Ack
Rx: UL Grant for RLC-AM Ack
Tx: RLC-AM Ack
Rx: DL Harq Ack
Rx: DCI Monitoring
Rx: DL Allocation for RRC
Rx: RRC Connection Release
Rx: UL Grant for RLC-AM Ack
Tx: UL Harq Ack
Tx: RLC-AM Ack
Rx: Harq Ack for RLC-AM

Synchronization and Read RACH information

RACH and C-RNTI assignment, contention solve

RLC-AM ack and CoAP ack

Wait, RRC release
RRC Connect complete and send data

Extra data transmission if there is




image1.emf
UE E-SMLC

1. OTDOA-RequestCapabilities

2. OTDOA-ProvideCapabilities

3. OTDOA-RequestAssistanceData

4. OTDOA-ProvideAssistanceData

5. OTDOA-RequestLocationInformation

UE performs 

measurement


image2.emf
Rx: PSS/SSS

Rx: PBCH(MIB)

Rx: PDSCH(SIB1)

Tx: Preamble Msg1

Rx: DCI for Msg2 allocation

Rx: PDSCH(SIB2)

Rx: Random Access Response 

Msg2 w. UL grant

Tx: Msg3 RRC connection Request

Rx: DCI for Msg4 allocation + DL 

HARQ Ack

Rx: Msg4 RRC connection Setup

Tx: UL Harq Ack

Rx: UL Grant for RRC and data

Tx: RRC Conn Setup Complete + Data #1

Rx: UL Grant for data and Harq 

Ack

Tx: Data #2

Rx: DL Allocation for RLC-AM Ack 

+ Harq Ack

Rx: RLC-AM Ack

Tx: Harq Ack for RLC-AM Ack

Rx: DL Allocation for Application 

Ack

Rx: Application Ack

Tx: Harq Ack for Application Ack

Rx: UL Grant for RLC-AM Ack

Tx: RLC-AM Ack

Rx: DL Harq Ack

Rx: DCI Monitoring

Rx: DL Allocation for RRC

Rx: RRC Connection Release

Rx: UL Grant for RLC-AM Ack

Tx: UL Harq Ack

Tx: RLC-AM Ack

Rx: Harq Ack for RLC-AM

Synchronization and Read RACH 

information

RACH and C

-

RNTI assignment

, 

contention solve

 

RLC

-

AM ack and CoAP ack

Wait

, 

RRC release

RRC Connect 

complete 

and send 

data

Extra data 

transmission 

if there is


