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Introduction

A Study Item for Indoor Positioning Enhancements for UTRA and LTE is ongoing, with work that began in October 2014 [1].  At RAN1 #78bis, a work plan was presented for information [2].  The objectives for completion by RAN1#80, include identification of potential enhancements and for RAN1#80bis, initial evaluation results of the enhancements.

This contribution is a TP for the Study Item TR 37.857 based on agreements in the Indoor Positioning sessions at RAN1#80 and RAN1#80bis[3] [4]
.
Discussion 

The Indoor Positioning Enhancements session notes captured by the chairman are utilized as a basis for this Test Proposal along with agreements/WFs from RAN1#80bis [3-10].
Summary
This contribution proposes text for the indoor positioning Study Item based on the discussion in the RAN1#80bis Indoor Positioning Enhancements sessions.  It is proposed that this Text Proposal for TR 37.857 be approved by RAN1.   
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3.2
Abbreviations

For the purposes of the present document, the abbreviations given in TR 21.905 [2] and the following apply. 
An abbreviation defined in the present document takes precedence over the definition of the same abbreviation, if any, in TR 21.905 [2]. 
A-GNSS
Assisted-Global Navigation Satellite System

CDF
Cumulative Distribution Function 

CRS
Cell-specific Reference Signal 
D2D
Device-to-Device
E-CID
Enhanced Cell Identification

FDD
Frequency Division Duplex
LCS

LoCation Services

OTDOA
Observed Time Difference of Arrival
PCI
Physical Cell Identity
PDSCH
Physical Downlink Shared Channel

PRS
Positioning Reference Signals
RFPM
Radio Frequency Pattern Matching
RSTD
Reference Signal Time Difference

SCE
Small Cell Enhancements
SRS
Sounding Reference Signal
UTDOA
Uplink Time Difference of Arrival

TBS
Terrestrial Beacon System

UL-RTOA
Uplink Relative Time of Arrival
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5.2
Performance Metrics

For evaluating performance of indoor positioning technologies, the following metrics should apply. 
5.2.1
Horizontal Accuracy

Horizontal accuracy is the difference between the calculated horizontal indoor position and the actual horizontal indoor position of a UE.   For simulations, the horizontal accuracy should be reported as a CDF across a percentage of indoor users where an accuracy threshold of 50 meters is being met. The following percentiles should be used in a simulation performance summary table: 40%, 50%, 70%, 80%, and 90%.

5.2.2
Vertical Accuracy

Vertical accuracy is the difference between the calculated vertical position and the actual vertical position of a UE. For evaluation results, the vertical accuracy should be reported as a CDF across a percentage of indoor users where an accuracy threshold (in meters) is being met.  The following percentiles should be used in a simulation performance summary table: 40%, 50%, 70%, 80%, and 90%.
<End of changed section>
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7
Studied Positioning Technology Enhancements


7.1
RAT-dependent Positioning Technologies


7.1.1
OTDOA Enhancements
Editor’s Note: Other potential OTDOA enhancements are not precluded for evaluation.
7.1.1.1
Enhanced Positioning Reference Signals 
For purposes of evaluation, potential enhancements related to PRS include the following candidates; increased density of PRS in time domain, new PRS pattern(s), and PRS transmission enhancements for the same PCI case.
7.1.1.2
Enhanced RSTD measurements

For purposes of evaluation, potential enhancements related to RSTD measurements include the following candidates: reduction of RSTD quantization error and measurement performance enhancements under Wide-band PRS.
7.1.2
D2D aided positioning
D2D aided positioning should also be evaluated as one of the potential enhancement techniques for indoor positioning.

Editor’s Note: Required signaling and reports are FFS
7.2
RAT-independent Positioning Technologies

7.2.1
Terrestrial Beacon Systems 
A Terrestrial Beacon System (TBS) consists of a network of ground-based transmitters, broadcasting signals only for positioning purposes. 
For purposes of evaluation, TBS positioning signals may be GNSS-like signals (e.g. GPS, GLONASS, BDS, Galileo signals) or PRS/PRS-like signals.
Editor’s Note: Other TBS signals are not precluded for evaluation.
7.2.1.1
TBS Evaluation Scenarios
For evaluating TBS performance, scenarios are defined below for indoor environments:

7.2.1.1-1 TBS Evaluation Assumptions
	Parameter
	Macro Cell
	Outdoor TBS Transmitter

	Layout
	Hexagonal grid, 3 sectors per site, 7 or 19 Macro sites,  ISD = 500m
	Hexagonal grid, TBS transmitter deployed at cell edge,  ISD = 500m – Note 1

	System Bandwidth per Carrier
	10 MHz
	As defined by the specific TBS signal proposal.

	Carrier Frequency
	2.0 GHz
	923 MHz Note 2 / 2.0 GHz Note 3 / 3.5 GHz
Other carrier frequencies are not precluded.

	Number of Carriers
	1
	1

	Total power (Ptotal per carrier)
	46 dBm
	43/30/46 dBm
Other values are not precluded.

	Distance-Dependent Path Loss
	3D-UMa

(Table 7.2-1 in TR 36.873)

Indoor UEs:
3D-UMa O-to-I (PLb=PL3D-UMa)
Outdoor UEs: 3D-UMa LOS or 3D-UMa NLOS, 
depending on LOS probability.
	3D-UMa

(Table 7.2-1 in TR 36.873)

Indoor UEs:
3D-UMa O-to-I (PLb=PL3D-UMa)
Outdoor UEs: 3D-UMa LOS or 3D-UMa NLOS, depending on LOS probability.

	Penetration
	For outdoor UEs: 0dB
For indoor UEs: 20dB+0.5din (din : independent uniform random value between [ 0, min(25, UE-to-eNB distance) ] for each link)
(i.e., PLtw = 20 dB; PLin = 0.5din (Table 7.2-1 in TR 36.873))
	For outdoor UEs: 0dB
For indoor UEs: 20/23 dB+0.5din (din : independent uniform random value between [ 0, min(25, UE-to-eNB distance) ] for each link)
(i.e., PLtw = 20/23 dB; PLin = 0.5din (Table 7.2-1 in TR 36.873))

(PLtw selected according to carrier frequency used).

	Shadowing
	3D-UMa (Table 7.3-6 in TR36.873)

Indoor UEs:
3D-UMa O-to-I 
Outdoor UEs: 
3D-UMa LOS or 3D-UMa NLOS,


depending on LOS probability.
	3D-UMa (Table 7.3-6 in TR36.873)

Indoor UEs:
3D-UMa O-to-I 
Outdoor UEs: 
3D-UMa LOS or 3D-UMa NLOS, depending on LOS probability.

	Antenna Pattern
	3D according to TR36.819
	2/3D Omni-directional

	Antenna Height
	25m + α
α ~ uniform(-5,25) m
	25m + α
α ~ uniform(-5,25) m

	UE Height
	hUT = 3(nfl – 1) + 1.5 m
where, nfl ~ uniform(1,Nfl) and Nfl = 8

	Antenna Gain + Connector Loss
	17 dBi
	0/6/5 dBi

	Antenna Gain of UE
	0 dBi

	Fast fading channel between eNB and UE
	3D-UMa from TR 36.873

Indoor UEs:
3D-UMa O-to-I 
Outdoor UEs: 
3D-UMa LOS or 3D-UMa NLOS, 
depending on LOS probability.
	3D-UMa from TR 36.873

Indoor UEs:
3D-UMa O-to-I 
Outdoor UEs: 
3D-UMa LOS or 3D-UMa NLOS, depending on LOS probability.

	Antenna Configuration
	2Tx, 2Rx in DL, Cross-polarized

	Number of floors per building
	8

	UE Dropping
	Same as case 1 

	UE noise figure
	9 dB

	UE Speed
	3 km/h

	Network Synchronization
	Perfectly synchronized for baseline. 

Additionally, network synchronization error case can be optionally simulated.  If included, the network synchronization error, per UE dropping, is defined as a truncated Gaussian distribution of (T1 ns) rms values between an eNB and a timing reference source which is assumed to have perfect timing, subject to a largest timing  difference of T2 ns, where T2 = 2*T1

	Note 1: For hybrid LTE cells and TBS simulations, the cell density combined from LTE cells and TBS beacons should be the same as that of the existing Case 1 (Macro only).  For standalone TBS, also use same cell density (case1)
Note 2: For the carrier frequency, this value is an approximation based on the US frequency band allocations.   
Note 3: For baseline performance, 2 GHz should be used.
Note 4: For eNB-to-UE distance, 3D distance is applied unless stated otherwise.

Note 5: Propagation delay is explicitly modeled.



7.2.1.2
TBS Configuration Parameters
For evaluating TBS performance, configuration parameters are defined below for indoor environments:

7.2.1.2-1 TBS Configuration Parameters
	Parameter
	Macro Cell
	TBS OPTION 1
	TBS OPTION 2

	System bandwidth
	10 MHz
	10 MHz
	Note 1

	Cell planning
	No PCI planning
	

	Network synchronization
	Synchronous

	Duplex modes
	FDD
	NA
	

	Cyclic prefix
	Normal
	

	DRX
	Off
	NA
	

	Number of antenna ports
	PRS
	1 (antenna port 6)
	

	
	CRS
	2
	

	Number of receive antennas
	2
	

	Number of consecutive positioning subframes in one occasion
	1 and 6
	FFS – Note 2
	

	PRS periodicity
	160 ms
	
	

	PRS bandwidth
	Full system bandwidth
	

	Measurement bandwidth
	Full system bandwidth
	

	PRS muting
	PRS muting pattern indicated by individual companies, if used
	

	PRS Power boosting 
	10log6 dB
	

	PDSCH transmission
	No PDSCH transmission in PRS transmission occasions
	NA
	

	RSTD report quantization
	Modeled as in 36.133 section 9.1.10.3
	

	Other TBS Parameters
	N/A
	

	Note 1: For TBS Option 2, all parameters are FFS and can be evaluated with parameters as indicated by individual companies.
Noted 2: PRS subframes are FFS.


7.2.2
Wi-Fi/Bluetooth based Positioning

Existing Wi-Fi and/or Bluetooth technologies can be used as positioning techniques as potential indoor enhancement techniques.

Editor’s Note: Detailed measurement and reports are FFS
7.2.3
Barometric Pressure Sensor Positioning 

Barometric sensor information is relevant for this study item but will not impact RAN1 specifications.
Editor’s Note: Details are FFS
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