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In last RAN#72 plenary meeting, a work item for enhancement of NB-IoT was approved and the following was agreed on introducing positioning functionality [1]:
The objectives apply to the in-band, guard-band, and standalone operation modes and the same coverage enhancement targets as defined in the Rel-13 NB-IoT work item.
Support of UTDOA or OTDOA:
· Study accuracy, UE complexity, UE power consumption for both UTDOA and OTDOA using NB-IoT and provide recommendation to RAN#73 on which one solution to adopt [RAN1]  
· 3GPP network operators are invited to provide inputs to RAN1#86 on their positioning requirements. Companies are encouraged to include both methods in their evaluations.
· Based on the study make a choice (either uplink positioning or OTDOA) during RAN#73
Accordingly, this contribution will discuss the process and power consumption model for NB-IoT positioning, and give the evaluation results on UTDOA and OTDOA for power consumption and complexity analysis.
[bookmark: _Ref457656781]Positioning process
2.1 OTDOA
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 assuming 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, 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

2.2 UTDOA
For uplink positioning method of UTDOA illustrated in Figure 3, UE will only send reference signal over the air and leave the network to do other things including measurement, thus UE never reports for positioning. It also means that UE is transparent to the location server E-SMLC without supporting any additional protocol for positioning which is quite different to the downlink method. Bear in mind, MME also needs to page UE before eNB setup RRC connection and send the UL reference signal configuration to UE.
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[bookmark: _Ref457829659]Figure 3 Positioning process for uplink UTDOA

Measurement method and complexity
3.1 OTDOA
The introduction of positioning functionality for NB-IoT should not increase the complexity or cost of the UE. Therefore, there should not be any new DL reference signal or measurement introduced for OTDOA. The UE has available for measurement the NRS and/or NPSS/NSSS to acquire the downlink received signal strength and timing. NPSS/NSSS is more concentrated in time than NRS so it takes less receiving time to achieve the same accuracy.
UE needs to search all the available cells and normally measures at most 6 cells and report to LPP server to save the power consumption.
3.2 UTDOA
We assume UE sends NPRACH-like hopping single tone signal in a 180 kHz hopping bandwidth [5] for eNB at scheduled time, and the eNB can measure the signal strength and timing.
3.3 Complexity
Assuming there should be no new DL reference signal or measurement for OTDOA and no new UE processing in any case for UTDOA, R13 UE has already the functionality so there is no extra complexity, and under these assumption there is not any extra cost for both OTDOA and UTDOA positioning method. This would need re-visiting for cases where a new OTDOA signal is created.
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 NPSS or NSSS to finish OTDOA. We use the same methodology as in TR45.820 to evaluate the power consumption and the parameters are as follows:
Table 1 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
	
	0.015

	Battery capacity
	
	5Wh


For OTDOA, from the simulation in [3] (see Annex B for detail assumptions), 2.4s is needed to identify and measure one cell. It takes two steps to do the measurement, in step 1, we use 1s for all deployment modes to synchronize to NPSSs from all the cells and for each possible cell, which acquires rough timing of NSSS, in step 2, we can use 1/20 of the 2.4s to do the NPSS/NSSS measurement for one cell. (Only the NSSS is needed for synchronization during 2.4s). Using this 2 steps way, we only need 1s (for NPSS) + 6*2.4s/20 = 1.72s to measure the same number of neighbor cells, instead of a full 6*2.4s = 14.4s to measure 6 cells.
For all three different modes (in-band/guard-band/standalone), we assume the same time to synchronize NPSS/NSSS is because even in standalone mode eNB transmit more power, but the overall SINR statistics of UE has same distribution since more interference is received from neighbor cells.
For UTDOA, we use single-tone hopping technique to transmit the uplink NPRACH-like reference signal, the transmission time is in Table 2. Since when UE transmits uplink reference signal, as many as possible neighbor cells need to be able to receive it, a large number of repetitions is always used for UEs no matter what MCLs they are in. This is discussed in more detail in [6].
[bookmark: _Ref458672732]Table 2 Uplink reference signal transmission
	Repetitions 
	Time (ms)

	128
	819.2



1.2 Results
The simulation assume we will do 100/200/500/1000 positioning reports and each time either one downlink or uplink measurement is performed, for OTDOA there is a report ( message 6) is sent back to LPP server.
The simulation is done for both in-band and standalone mode. 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.
For standalone deployments, OTDOA and UTDOA are as follows, where green background highlights the smaller % consumption:
Table 3 Battery consumed for OTDOA in Stand-alone mode
		
	Battery life consumption with 50Bytes Report %

	Measurement times
	144 dB
	154 dB
	164 dB

	100
	0.13%
	0.25%
	1.22%

	200
	0.26%
	0.51%
	2.43%

	500
	0.64%
	1.27%
	6.08%

	1000
	1.28%
	2.54%
	12.16%



	
	



Table 4 Battery consumed for UTDOA in Stand-alone mode
	
	Battery life consumption %

	Measurement times
	144 dB
	154 dB
	164 dB

	100
	0.24%
	0.28%
	0.58%

	200
	0.49%
	0.57%
	1.17%

	500
	1.22%
	1.42%
	2.92%

	1000
	2.44%
	2.84%
	5.84%



For in-band deployments, OTDOA and UTDOA are as follows, where green background highlights the smaller % consumption:
Table 5 Battery consumed for OTDOA in In-band mode
	
	Battery life consumption with 50Bytes Report %

	Measurement times
	144 dB
	154 dB
	164 dB

	100
	0.14%
	0.36%
	2.02%

	200
	0.29%
	0.71%
	4.03%

	500
	0.72%
	1.78%
	10.08%

	1000
	1.43%
	3.56%
	20.15%



Table 6 Battery consumed for UTDOA in In-band mode
	
	Battery life consumption % 

	Measurement times
	144 dB
	154 dB
	164 dB

	100
	0.25%
	0.35%
	1.10%

	200
	0.51%
	0.70%
	2.20%

	500
	1.27%
	1.74%
	5.49%

	1000
	2.53%
	3.48%
	10.99%



We can observe from the simulation:
1. OTDOA consumes more total power than UTDOA for 154/164 dB MCL in-band, and for 164 dB MCL in standalone;

2. Contributing factors to the power consumption difference between OTDOA and UTDOA include:
a. The message 6 report (provide location information) in OTDOA takes more power especially for MCL of 164 dB
b. In-band mode for OTDOA consumes more power since it take longer than standalone mode for downlink synchronization and receiving broadcast configurations.

3. For UTDOA, the difference of power consumption between in-band and standalone is significant especially for 164dB MCL since receiving the UL reference signal configuration from eNB consumes more power in-band mode. However, the power consumption of uplink reference signal transmission is the same for both in-band and standalone modes.

4. The critical power consumption case for NB-IoT is always at 164 dB MCL and UTDOA performs better in this case.
Observations
In this paper, we analyzed the UE complexity and power consumption for the options of OTDOA or UTDOA support for NB-IoT positioning. The observations from this analysis are as follows:
1. OTDOA consumes more total power than UTDOA for 154/164 dB MCL in-band, and for 164 dB MCL in standalone;

2. Contributing factors to the power consumption difference between OTDOA and UTDOA include:
a. The message 6 report (provide location information) in OTDOA takes more power especially for MCL of 164 dB
b. In-band mode for OTDOA consumes more power since it take longer than standalone mode for downlink synchronization and receiving broadcast configurations.

3. For UTDOA, the difference of power consumption between in-band and standalone is significant especially for 164dB MCL since receiving the UL reference signal configuration from eNB consumes more power in-band mode. However, the power consumption of uplink reference signal transmission is the same for both in-band and standalone modes.

4. The critical power consumption case for NB-IoT is always at 164 dB MCL and UTDOA performs better in this case.
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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 Error! Reference source not found.] 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
	900MHz

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

	UE Rx antenna
	1

	Fading channel model
	EPA 1Hz

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

	Reference signal
	NSSS

	Measurement time duration
	2400ms 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
	EPA 1Hz

	Reference signal
	NSSS



Table B.3	Link-level simulation assumptions for UTDOA
	Carrier frequency
	900MHz

	UE Tx antenna
	2

	BS Rx antenna
	1

	Fading channel model
	EPA 1Hz

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

	Frequency drift
	22.5 Hz/second

	Reference signal
	single-tone frequency hopping transmission in [4] with 128 repetitions



Table B.4	System-level assumptions for UTDOA
	Network synchronization
	Synchronized without timing error

	Mobility
	Static

	Fading channel
	EPA 1Hz

	Reference signal
	Single-tone frequency hopping transmission in [4] with 128 repetitions

	Transmit power
	Max. 23 dBm per uplink transmission with open loop power control
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