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1. Overall Description:

RAN1 has discussed UTDOA and OTDOA positioning for NB-IoT, and agreed the following observations. RAN1 also agreed to report the technical results contained in Section 4. Companies have used different assumptions, which leads to the significant performance differences between companies. Results from different companies may not be comparable.

There is a requirement from operators to strive towards horizontal accuracy of 50 m for 67% of NB-IoT UEs.

Requirements are the same for all three operation modes (i.e. standalone/in-band/guard-band) per the WID.
1.1 Observations on horizontal accuracy of UTDOA

· For NB-IoT UEs with transmit power of 23 dBm, the positioning accuracy of UTDOA schemes evaluated for RAN1#86 varies from 21 m to 133 m at 67% with EPA1 channel, and from 129 m to 227 m at 67% with ETU1 channel. 

· The evaluations are all based on synchronous network (E-SMLC is assumed to know the absolute timing of each involved eNB)
· The accuracy of UTDOA is common for in-band, guard-band, and standalone operations.

· The accuracy of UTDOA may degrade with the new lower power class(es) for NB-IoT UE

1.2 Observations on horizontal accuracy of OTDOA
· For most companies, for in-band, guard-band and standalone operations, the positioning accuracy of OTDOA schemes evaluated for RAN1#86 varies from 11 m to 52 m at 67% with EPA1 channel, and 135 m at 67% with ETU1 channel.

· One evaluation found accuracy on the order of a few hundred meters, re-using NPSS, under assumptions of Rel-13 UE complexity.
· The evaluations are all based on synchronous network (E-SMLC is assumed to know the absolute timing of each involved eNB)

· The accuracy of OTDOA does not depend on UE power class.  
1.3 Observations on impact to UE implementation/complexity

· For OTDOA, UE needs to support

· LTE Positioning Protocol (LPP) to communicate with E-SMLC via eNB.

· Measurements for positioning to get downlink RSTD of the set of configured neighboring cells.

· For UTDOA, UE needs to support

· Configuration and transmission of UL positioning signal.
1.4 Observations on impact to UE power consumption

· For OTDOA, the UE power consumption for positioning includes the power consumed by any DL signaling, signal processing (e.g., measurements) and UL reporting of the measurements of the set of configured neighboring cells for the purpose of positioning
· For UTDOA, the UE power consumption for positioning includes the power consumed by any DL signaling, and transmitting UL signal for the purpose of positioning
1.5 Observations on impact to network complexity/cost

· Enhanced Serving Mobile Location Center (E-SMLC) and MME to E-SMLC signaling links are needed for both UTDOA and OTDOA.

· For UTDOA, Location Measurement Unit (LMU), and LMU to E-SMLC signaling links are needed to implement measurement for positioning.

· Note there are 3 different types of LMU defined in 36.111, including ‘Class 1: Integrated into basestation’
· Both OTDOA and UTDOA can work with both synchronous and asynchronous network
1.6 Observations on scalability to support massive numbers of UEs per cells

· For UTDOA, the uplink time-frequency resources required in the serving cell for transmitting uplink positioning signal increases with increased cell positioning load.

· For UTDOA, the basestation processing load (e.g., uplink measurements) increases with increased positioning load.

· For UTDOA the UL positioning resources are coordinated across a set of cells

· For OTDOA, the uplink time-frequency resources required for reporting measurements increases with increased positioning load.

· For OTDOA, the downlink time-frequency resources for transmitting downlink positioning reference signal depend on system configuration rather than number of UEs

· For OTDOA, the basestation processing load may not increase with increased positioning load.

2. Actions:

To TSG RAN:
RAN1 respectfully asks TSG RAN to take the above observations into account.
3. Date of Next TSG-RAN WG1 Meetings:

TSG RAN WG1 Meeting #86bis
10-14 October 2016

Lisbon, Portugal
TSG RAN WG1 Meeting #87
14-18 November 2016

Reno, US
4. Technical results

RAN1 also agreed to report the technical results in this section.

4.1 Horizontal accuracy of UTDOA

	Source #
	Accuracy (m @ 67%) indoor UEs
	UE Tx power (dBm)
	Positioning signal

	
	EPA1 channel
	ETU1 channel
	
	

	1
	81 – 133
	129 – 227
	23
	NPRACH with 32 repetitions

	2
	21 – 46
	
	
	NPRACH-like positioning signal with 180 kHz hopping bandwidth and 128 repetitions

	3
	150 – 250
	
	
	NPRACH hopping within 1 PRB or 6 PRBs with 32 repetitions or 128 repetitions


4.2 Time-of-arrival estimation accuracy in UTDOA
	MCL
	Source #
	TOA estimation error
	Channel model 
	Positioning signal 

	164dB
	2
	[-0.13us, 0.13us] @ 90%
	EPA 1
	NPRACH-like positioning signal with 180 kHz hopping bandwidth and 128 repetitions

	
	　
	[-0.585us, 0.585us] @ 90%
	EPA 1
	NPRACH with 128 repetitions

	
	4 
	[-1, 2]us @ 90%
	ETU1
	NPRACH with 128 repetitions

	
	
	[-1.3, 1.3]us @ 90%
	AWGN
	NPRACH with 128 repetitions

	
	1
	[-2.08, 1.56] us@90%
	EPA-1Hz
	NPRACH with 32 repetitions

	
	
	[-1.97, 2.49]us@90%
	TU-1Hz
	NPRACH with 32 repetitions

	154dB
	2
	[-0.065us, 0.065us] @ 93.60%
	EPA 1
	NPRACH-like positioning signal with 180 kHz hopping bandwidth and 128 repetitions

	
	　
	[-0.26us, 0.26us] @ 90%
	EPA 1
	NPRACH with 128 repetitions

	
	4 
	[0.3, 0.8]us @ 90%
	ETU1
	NPRACH with 256 repetitions

	
	
	[-0.25, 0.25]us @ 90%
	AWGN
	NPRACH with 256 repetitions

	
	5 
	< 2.6us @90%
	TU
	New uplink positioning signal in 100 subframes

	
	
	< 0.6us @90%
	RA
	

	
	1
	[-1.04, 0.52]us@95%
	EPA-1Hz
	NPRACH with 32 repetitions

	
	
	[-0.79, 0.94]us@90%
	TU-1Hz
	NPRACH with 32 repetitions

	144dB
	2
	[-0.065us, 0.065us] @ 95.50%
	EPA 1 
	NPRACH-like positioning signal with 180 kHz hopping bandwidth and 128 repetitions  

	
	
	　[-0.26us, 0.26us] @ 90%
	EPA 1
	NPRACH with 128 repetitions 

	
	4
	[-0.1, 1.2]us @ 90%
	ETU1 
	NPRACH with 16 repetitions  

	
	
	[-0.25, 0.25]us @ 90%
	AWGN 
	NPRACH with 16 repetitions 

	
	1
	[-0.52, 0]us@100% 
	EPA-1Hz
	NPRACH with 32 repetitions

	
	
	[-0.66, 0.89]us@90% 
	TU-1Hz
	NPRACH with 32 repetitions


4.3 Horizontal accuracy of OTDOA

	Source #
	Accuracy (m @ 67%) indoor UEs
	eNB Tx power (dBm)
	Positioning signal
	Sampling rate (kHz)

	
	EPA1
	ETU1
	
	
	

	1
	326 – 427
	326 – 427
	43 dBm for standalone, 35 dBm for in-band
	Reusing NPSS
	240

	2
	45 in-band

26 standalone
	
	
	Reusing NSSS
	15360

	6
	7 – 11
	40 – 135
	
	New PRS with 180 kHz - 10 MHz hopping bandwidth
	

	3
	31 – 52
	
	
	New PRS with multi-PRB hopping
	15360


4.4 Time-of-arrival estimation accuracy in OTDOA

	Deployment mode
	MCL
	Source #
	TOA estimation error
	Channel model
	Positioning signal

	Inband/guard band
	164dB
	2
	[-0.195us, 0.195us] @ 90%
	EPA 1
	NSSS(2400 ms)

	
	
	4
	[0.3, 0.7]us @ 90%
	ETU1
	NPRS-based(6963ms)

	
	
	
	[-0.09, 0.11]us @ 90%
	AWGN
	NPRS-based(6963ms)

	
	154dB
	2
	[-0.065us, 0.065us] @ 98.40%
	EPA 1
	NSSS(2400 ms)

	
	
	4
	[0, 1.3]us @ 90%
	ETU1
	NPRS-based(1741ms)

	
	
	
	[-0.04, 0.06]us @ 90%
	AWGN
	NPRS-based(1741ms)

	
	
	5
	< 2.6 us @ 90%
	TU
	NPRS-based(1ms)

	
	
	
	< 0.27 us @ 90%
	RA
	NPRS-based(1ms)

	
	144dB
	2
	[-0.065us, 0.065us] @ 100%
	EPA 1
	NSSS(2400 ms)

	
	
	4
	[-0.5, 1.6]us @ 90%
	ETU1
	NPRS-based(112ms)

	
	
	
	[-0.04, 0.06]us @ 90%
	AWGN
	NPRS-based(112ms)

	Standalone
	164dB
	2
	[-0.065us, 0.065us] @ 98.30%
	EPA 1
	NSSS(2400 ms)

	
	154dB
	
	[-0.065us, 0.065us] @ 100%
	EPA 1
	NSSS(2400 ms)

	
	144dB
	
	[-0.065us, 0.065us] @ 100%
	EPA 1
	NSSS(2400 ms)


