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Foreword

This Technical Report has been produced by the 3rd Generation Partnership Project (3GPP).

The contents of the present document are subject to continuing work within the TSG and may change following formal TSG approval. Should the TSG modify the contents of the present document, it will be re-released by the TSG with an identifying change of release date and an increase in version number as follows:

Version x.y.z

where:

x
the first digit:

1
presented to TSG for information;

2
presented to TSG for approval;

3
or greater indicates TSG approved document under change control.

y
the second digit is incremented for all changes of substance, i.e. technical enhancements, corrections, updates, etc.

z
the third digit is incremented when editorial only changes have been incorporated in the document.

1
Scope

Positioning mechanisms were specified in 3GPP as a key feature for E-UTRA networks since Release 9, e.g. OTDOA, E-CID etc. They are not only used in helping meet regulatory requirements, but also utilized with increasing importance to enable all kinds of location based applications.

The proliferation of heterogeneous network deployments brings some challenges also in the area of efficient terminal positioning and calls for the study of enhanced mechanisms and positioning performance requirements.

The addition of multiple nodes in heterogeneous networks can improve the position accuracy remarkably if the specificities of such deployments are taken into account in the positioning mechanisms. Some examples include the support of several transmission points with identical cell IDs and improved support for positioning in carrier aggregation.  

Furthermore, the accuracy of current positioning mechanisms and in particular OTDOA and E-CID based on UE Rx-Tx time difference measurement is only defined for limited scenarios: 
•
Limited channel bandwidth for the cells to be measured (reference and neighbour cells)

•
Tests defined assuming single Tx antenna. Practical network might have Tx diversity on antenna port 6 which is used for RSTD measurements

It is desirable to study the possibility of enhanced accuracy for other practical deployment scenarios.
The present document is the Technical Report for the Study Item on positioning enhancements for E-UTRA.
2
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3
Definitions, symbols and abbreviations

3.1
Definitions

For the purposes of the present document, the terms and definitions given in TR 21.905 [1] and the following apply. A term defined in the present document takes precedence over the definition of the same term, if any, in TR 21.905 [1].

Carrier aggregation: aggregation of two or more component carriers in order to support wider transmission bandwidths TS 36.104 [46].
eNB Rx – Tx time difference: As defined in TS 36.214 clause 5.2.5 [49].
Location Server: a physical or logical entity (e.g., E-SMLC or SUPL SLP) that manages positioning for a target device by obtaining measurements and other location information from one or more positioning units and providing assistance data to positioning units to help determine this. A Location Server may also compute or verify the final location estimate.
Observed Time Difference Of Arrival (OTDOA): The time interval that is observed by a target device between the reception of downlink signals from two different cells. If a signal from cell 1 is received at the moment t1, and a signal from cell 2 is received at the moment t2, the OTDOA is t2 –  t1. 
Primary Cell: As defined in TS 36.331 [47].
Primary Timing Advance Group: Timing Advance Group containing the PCell.
PRP:
Received (linear) average power of the resource elements that carry E-UTRA PRS, measured at the UE antenna connector.
Reference Signal Received Power: As defined in TS 36.214 clause 5.1.1 [49].
Reference signal time difference: As defined in TS 36.214 clause 5.1.12 [49].
Secondary Cell: As defined in TS 36.331 [47].
Secondary Timing Advance Group: Timing Advance Group not containing the PCell.
Serving Cell: As defined in TS 36.331 [47].
Target Device: the device that is being positioned (e.g., UE or SUPL SET).
Timing Advance Group: As defined in TS 36.331 [47].
UE Rx-Tx time difference: As defined in TS 36.214 clause 5.1.15 [49].

3.2
Symbols

For the purposes of the present document, the following symbols apply:

Ês
Received energy per RE (power normalized to the subcarrier spacing) during the useful part of the symbol, i.e. excluding the cyclic prefix, at the UE antenna connector
Iot
The received power spectral density of the total noise and interference for a certain RE (power integrated over the RE and normalized to the subcarrier spacing) as measured at the UE antenna connector

[image: image2.wmf]oc

N


The power spectral density of a white noise source (average power per RE normalised to the subcarrier spacing), simulating interference from cells that are not defined in a test procedure, as measured at the UE antenna connector
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Number of consecutive downlink positioning subframes as defined in clause 6.10.4.3 in TS 36.211[48]
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Cell-specific positioning subframe configuration period as defined in clause 6.10.4.3 in TS 36.211[48]
TS
Basic time unit, defined in TS 36.211, clause 4 [48]

vshift
 the cell-specific frequency shift defined in TS 36.211, clause 6.10.4.2 [48]

3.3
Abbreviations

For the purposes of the present document, the abbreviations given in TR 21.905 [1] 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 [1].

AWGN
Additive White Gaussian Noise

BW
Bandwidth
CA
Carrier Aggregation
CC
Component Carrier
CCH
Control Channel 
CDF
Cumulative Distribution Function
CID
Cell-ID (positioning method)
CoMP
Coordinated Multi Point

CP
Cyclic prefix
CRS
Cell-specific Reference Signals
CSI
Channel-State Information 

CSI-RS
CSI reference signal
DAS 
Distributed Antenna System 
DL
Downlink

DRX
Discontinuous Reception

DTX
Discontinuous Transmission
E‑CID
Enhanced Cell-ID (positioning method)

E-SMLC
Enhanced Serving Mobile Location Centre
E-UTRA
Evolved Universal Terrestrial Radio Access

E-UTRAN
Evolved Universal Terrestrial Radio Access Network
eNB
E-UTRAN Node B
EPA
Extended Pedestrian A model
ETU
Extended Typical Urban model
EVA
Extended Vehicular A model

FDD
Frequency Division Duplex
ISD
Inter Site Distance

LIS
Low Interference Subframe

LPP
LTE Positioning Protocol

LPPa
LTE Positioning Protocol A

OTDOA
Observed Time Difference Of Arrival
PCell
Primary Cell
PCI
Physical Cell Identifier
PDSCH
Physical Downlink Shared Channel

PRS
Positioning Reference Signal
pTAG
Primary Timing Advance Group

RAN
Radio Access Network
RE
Resource Element

RF
Radio Frequency

RRH
Remote Radio Head

RRM
Radio Resource Management 

RSRP
Reference Signal Received Power

RSTD
Reference Signal Time Difference
RTT
Round Trip Time

SCell
Secondary Cell
SFN
System Frame Number
SINR
Signal to Interference plus Noise Ratio

SRS
Sounding Reference Signal
sTAG
Secondary Timing Advance Group

TA

Timing Advance

TAG
Timing Advance Group

TDD
Time Division Duplex
TOA
Time of Arrival

TP
Transmission Point
TTI
Transmission Timing Interval
UE
User Equipment

UL
Uplink
UMTS
Universal Mobile Telecommunication System
4
General
4.1
Study item objective

The objective is to study accuracy enhancements for current positioning mechanisms such as OTDOA and E-CID based on UE Rx-Tx time difference measurement in heterogeneous deployment scenarios and different system bandwidths.

The feasibility of improving the existing UE positioning performance requirements of OTDOA and E-CID based on UE Rx-Tx time difference measurement shall be studied for the following cases:

●
Larger available bandwidths (e.g. 15 and 20MHz for OTDOA and 10, 15, and 20 MHz for E-CID based on UE Rx-Tx time difference measurement).

●
Smaller available bandwidths (e.g. 1.4 and 3 MHz for OTDOA and E-CID based on UE Rx-Tx time difference measurement)
●
Possible use of downlink Tx diversity for the positioning reference signals (PRS), e.g., schemes transparent to UE, and its impact on the both UE and system performance and/or complexity.  Use of non-transparent schemes can be discussed.
●
Deployment of RRHs with identical cell IDs for OTDOA and E-CID based on UE Rx-Tx time difference measurement.

●
Carrier aggregation scenarios (including scenarios with multiple TAs for E-CID based on UE Rx-Tx time difference measurement)

The study includes the definition of the above mentioned scenarios in an initial phase.
5
Feasibility on measurement performance enhancement under Wide-band/Narrow-band

5.1
General
In this section the simulation evaluation for wide-BW and narrow-BW positioning measurement performance are studied and the possible enhancements on positioning measurement requirements are proposed.

5.2
Scenarios

●
RSTD measurement accuracy evaluation (PRS BW)

-
Larger bandwidths: 15MHz, 20MHz

-
Smaller bandwidths: 3MHz

●
UE Rx-Tx time difference measurement accuracy evaluation (system BW)

-
Larger bandwidths: 10MHz, 15MHz, 20MHz

-
Smaller bandwidths: 3MHz

5.3
RSTD measurement performance for OTDOA

5.3.1
Simulation assumptions

In this section, the simulation assumptions for RSTD evaluation are provided. 

●
Simulation assumption for RSTD measurement [5]
Table 5.3.1-1: Simulation assumptions for RSTD measurement

	Parameter
	Value

	Cell layout
	•
3 cells at distinct locations

•
the distances between each cell and target UE are identical

•
Same ISD between cells

	Cell ID scenarios
	(0, 1, 2), 

(0, 6, 12) (baseline)

	Network synchronization
	•
Synchronous with time shifts <0,0, CP/2>
•
Asynchronous with time shifts: <0, 250us, 450us>

	Duplex modes
	FDD and TDD

	TDD specific parameters
	Uplink-downlink configuration
	1

	
	Special subframe configuration
	6

	Data and CCH load
	100%

	Cyclic prefix
	Normal

	DRX
	OFF

	Carrier frequency 
	2 GHz

	UE speed
	•
3 km/h

•
30 km/h

	Carrier bandwidth
	•
3MHz, 15 MHz, 20 MHz

•
10 MHz (baseline for benchmarking with Rel-9)

	Channel model
	ETU, EPA, AWGN

	Noc (does not include received powers of the three simulated cells), [dBm/15kHz]
	AWGN,  values are TBD

	SINR for three cells, [dB]
	(Reference cell, neighbour cell 1, neighbour cell 2) = (-6,-13,-13)

	Number of transmit antennas
	PRS
	1

	
	CRS
	1

	Number of receive antennas
	2 equal-gain uncorrelated antennas

	Positioning subframes
	LIS (no presence of PDSCH in PRBs containing PRS), full or partial alignment

	Number of consecutive positioning subframes
	1 for larger bandwidths

6 for smaller bandwidths (non-coherent accumulation across positioning occasions)

	Number of positioning occasions for a positioning fix
	1

	PRS pattern
	6-reuse in frequency, vshift = mod(PCI,6)

	PRS transmission bandwidth
	Full carrier bandwidth

	Measurement bandwidth
	Full carrier bandwidth


5.3.2
Performance characterization
In this clause the performance gains are evaluated by using link level simulation based on the simulation assumptions in clause 5.3.1.

5.3.2.1
Link level simulation results

●
Simulation results for larger BWs
Tables 5.3.2.1-1 to 5.3.2.1-5 provide the simulation results submitted by interested companies. 

Table 5.3.2.1-1. RSTD link level simulation results (Alcatel-Lucent) [6][7]

	Synchronous cases

	
	Cell ID =(0, 6, 12)
	Cell ID =(0, 1, 2)

	10MHz
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	15MHz
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	20MHz
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Table 5.3.2.1-2. RSTD link level simulation results (Huawei) [8]

	Synchronous cases

	
	Cell ID =(0, 6, 12)
	Cell ID =(0, 1, 2)

	10MHz
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	15MHz
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	20MHz
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	Asynchronous cases

	
	Cell ID =(0, 6, 12)
	Cell ID =(0, 1, 2)

	10MHz
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	15MHz
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	20MHz
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Table 5.3.2.1-3. RSTD link level simulation numeric results (Huawei) [8]

	Time alignment
	BW [MHz]
	Cell IDs
	SINRs [dB]
	Cell 2
	Cell 3

	
	
	
	
	RSTD error, [Ts]
	RSTD error, [Ts]

	
	
	
	
	AWGN
	EPA
	ETU
	AWGN
	EPA
	ETU

	Synchronous cases
	10
	<0,6,12>
	<-6,-13,-13>
	0.6
	2.0
	5.8
	0.6
	1.9
	5.1

	
	
	<0,1,2>
	<-6,-13,-13>
	0.7
	2.1
	5.1
	0.6
	2.2
	5.3

	
	15
	<0,6,12>
	<-6,-13,-13>
	0.2
	1.5
	3.7
	0.2
	1.5
	3.9

	
	
	<0,1,2>
	<-6,-13,-13>
	0.2
	1.5
	3.7
	0.1
	1.5
	4.0

	
	20
	<0,6,12>
	<-6,-13,-13>
	0.2
	1.2
	3.0
	0.2
	1.1
	3.0

	
	
	<0,1,2>
	<-6,-13,-13>
	0.2
	1.2
	3.2
	0.1
	1.1
	2.8

	Asynchronous cases
	10
	<0,6,12>
	<-6,-13,-13>
	2.3
	3.7
	5.3
	2.4
	3.5
	5.8

	
	
	<0,1,2>
	<-6,-13,-13>
	2.3
	3.7
	5.8
	2.3
	3.8
	6.2

	
	15
	<0,6,12>
	<-6,-13,-13>
	1.0
	1.9
	3.9
	1.0
	2.0 
	3.7

	
	
	<0,1,2>
	<-6,-13,-13>
	1.0
	2.1
	3.8
	1.0
	1.9
	4.0

	
	20
	<0,6,12>
	<-6,-13,-13>
	1.0
	1.8
	2.8
	1.0
	1.8
	2.9

	
	
	<0,1,2>
	<-6,-13,-13>
	1.0
	1.8
	3.2
	1.0
	1.7
	3.1


Table 5.3.2.1-4. RSTD link level simulation results (Intel)[9]

	Synchronous cases

	
	Cell ID =(0, 6, 12)
	Cell ID =(0, 1, 2)

	10MHz
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	15MHz
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	20MHz
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Table 5.3.2.1-5. RSTD link level simulation results (Qualcomm) [10]

	Synchronous cases

	Cell ID =(0, 6, 12)
	Cell ID =(0, 1, 2)
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	Collective results for all the cases
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●
Simulation results for smaller BWs

Table 5.3.2.1-6 to 5.3.2.1-7 provides the simulation results submitted by interested companies. 

Table 5.3.2.1-6: RSTD link level simulation results (Huawei) [11]

	Synchronous cases

	
	Cell ID =(0, 6, 12)
	Cell ID =(0, 1, 2)

	1.4MHz
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	3MHz
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	Asynchronous cases

	
	Cell ID =(0, 6, 12)
	Cell ID =(0, 1, 2)

	1.4MHz
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	3MHz
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Table 5.3.2.1-7: RSTD link level simulation numeric results (Huawei) [11]

	Time alignment
	BW [MHz]
	Cell IDs
	SINRs [dB]
	Cell 2
	Cell 3

	
	
	
	
	RSTD error, [Ts]
	RSTD error, [Ts]

	
	
	
	
	AWGN
	EPA
	ETU
	AWGN
	EPA
	ETU

	Synchronous cases
	1.4
	<0,6,12>
	<-6,-13,-13>
	2.8
	4.6
	12.0
	3.2
	5.7
	10.0

	
	
	<0,1,2>
	<-6,-13,-13>
	3.1
	4.7
	11.2
	3.3
	4.7
	10.2

	
	3
	<0,6,12>
	<-6,-13,-13>
	0.6
	4.1
	8.1
	1.1
	4.5
	8.4

	
	
	<0,1,2>
	<-6,-13,-13>
	1.0
	3.5
	8.6
	1.0
	4.3
	8.9

	Asynchronous cases
	1.4
	<0,6,12>
	<-6,-13,-13>
	2.6
	4.8
	10.8
	3.4
	4.8
	10.9

	
	
	<0,1,2>
	<-6,-13,-13>
	2.9
	4.3
	10.0
	3.5
	4.3
	10.1

	
	3
	<0,6,12>
	<-6,-13,-13>
	0.8
	3.2
	8.6
	1.1
	3.4
	8.8

	
	
	<0,1,2>
	<-6,-13,-13>
	1.0
	6.0
	9.9
	1.0
	6.0
	10.0


5.3.2.2
Summary

Summary in this section is based on the link level simulation and conclusions from interested companies. 

1)
The link level simulation results show that improvements on RSTD measurement performance can be achieved by using wider PRS BW.

2)
Simulation results with different quantization show that increasing reporting granularity to 0.5Ts is beneficial.
3)
The link level simulation results show that RSTD measurement performance for 3 MHz is better than the performance for 1.4 MHz which was used to define the existing RSTD requirements.
5.4
UE Rx-Tx time difference measurement performance for E-CID
5.4.1
Simulation assumptions

In this section, the simulation assumptions for UE Rx-Tx time difference evaluation are provided.

●
Simulation assumption for UE Rx-Tx time difference measurement 
Table 5.4.1-1: Simulation assumptions for UE Rx-Tx time difference measurement

	Parameters
	Value

	Cell layout
	1 cell for UE Rx-Tx time difference measurement

	Measurement bandwidth
	●
5MHz (baseline for benchmarking with Rel-9)
●
10MHz, 15MHz, 20MHz  for larger bandwidths
●
3MHz for smaller bandwidths

	L1 measurement period
	200ms

	Measurement sampling rate
	5,

sample interval = 40ms

	Number of Tx Antennas
	1

	Number of Rx Antennas
	2, 

Both antennas with equal gain, no correlation between them

	DRX/DTX
	OFF

	Propagation conditions
	●
AWGN
●
ETU30
●
EPA5

	Frequency 
	2.0GHz 

	Interference from cells not simulated [Noc]
	AWGN

	Geometry factor: Ês/Iot
	-3dB


5.4.2
Performance characterization
In this clause the performance gains are evaluated by using link level simulation based on the simulation assumptions in clause 5.4.1.

5.4.2.1
Link level simulation results

●
Simulation results for larger and smaller BWs [12][13]
Table 5.4.2.1-1 and 5.4.2.1-2 provides the simulation results. 

Table 5.4.2.1-1: UE Rx-Tx time difference link level simulation results (Huawei)
	CRS Ês/Iot =-3dB, FDD

	AWGN
	ETU30
	EPA5
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Table 5.4.2.1-2: UE Rx-Tx time difference RSTD link level simulation numeric results (Huawei)

	Channel condition
	CRS Ês/Iot =-3dB, FDD

	AWGN
	1.4MHz
	-3.8~-2.8

	
	3MHz
	-1.8~-1.6

	
	5MHz (benchmark)
	-1.1~-1.0

	
	10MHz
	-0.6~-0.5

	
	15MHz
	-0.32~-0.29

	
	20MHz
	-0.24~-0.24

	ETU30
	1.4MHz
	-10.4~-5.7

	
	3MHz
	-8.9~-1.7

	
	5MHz (benchmark)
	-5.3~-1.1

	
	10MHz
	-1.7~-0.9

	
	15MHz
	-1.4~-1.0

	
	20MHz
	-1.1~-0.8

	EPA5
	1.4MHz
	-4.4~-3.2

	
	3MHz
	-2.9~-2.6

	
	5MHz (benchmark)
	-1.7~-1.5

	
	10MHz
	-1.2~-1.1

	
	15MHz
	-0.95~-0.88

	
	20MHz
	-0.83~-0.77


5.4.2.2
Summary

Summary in this section is based on the link level simulation and conclusions from interested companies. 

1)
The link level simulation results show that improvements on UE Rx-Tx time difference measurement performance can be achieved by using larger BW.

2)
The link level simulation results show that UE Rx-Tx time difference measurement performance for 3 MHz is better than the performance for 1.4 MHz which was used to define the existing UE Rx-Tx time different requirements.
6
Feasibility on downlink Tx diversity for PRS

6.1
General
For studying on the PRS Tx diversity schemes, the following candidates are involved,

1)
Antenna switching

Table 6.1-1: antenna switching

	Tx antenna #
	PRS occasion 1
	PRS occasion 2

	Antenna #1
	y0=sqrt(2)*r
	y0=0

	Antenna #2
	y1=0
	y1=sqrt(2)*r


2)
Transmit diversity 1
Table 6.1-2: transmit diversity 1

	Tx antenna #
	PRS occasion 1
	PRS occasion 2

	Antenna #1
	y0= r
	y0= r

	Antenna #2
	y1=r
	y1= -r


3)
Transmit diversity 2 
Table 6.1-3: transmit diversity 2

	Tx antenna #
	PRS occasion 1
	PRS occasion 2

	Antenna #1
	y0= r
	y0= r

	Antenna #2
	y1=r
	y1= r


4)
Random antenna switching
For each positioning occasion PRS will be transmitted on one antenna randomly. The antenna transmission scheme is considered unknown to the UE.
Note:
r is the positioning reference signal sequence
6.2
Scenarios

For simulation evaluation, the RSTD measurement performance without Tx diversity shall also be provided as benchmark. Thus the scenarios for simulation are summarized as,

-
Candidate1: Antenna switching scheme

-
Candidate2: Transmit diversity 1

-
Candidate3: Transmit diversity 2

-
Candidate4: Random antenna switching
-
Benchmark: R9 single antenna transmit scheme
6.3
Performance of possible PRS Tx diversity schemes

6.3.1
Simulation assumptions

In this section, the simulation assumptions for PRS Tx diversity evaluation are provided.

●
Cell layout

Two cells topology is adopted

•
2 cells at distinct locations

•
the distances between each cell and target UE are identical
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Figure 6.3.1-1 cell layout

Cell 1 is reference cell and cell 2 is neighbour cell.

●
Occasion number

1 or 2 occasions are used to estimate the RSTD between cell1 and cell2. The PRS of cell1 and cell2 are transmitted in these 1 or 2 occasions. 

●
PRS BW

PRS BW=10MHz is assumed as a typical case and correspondingly one PRS subframe is within one occasion.

●
Transmit antenna assumptions

Antenna #1 and #2 are geographically co-located. The detailed assumptions are listed in the following table.

Table 6.3.1-1 simulation assumption for PRS Tx diversity

	Parameter
	Value

	Cell layout
	●
2 cells at distinct locations

●
the distances between each cell and target UE are identical

	Cell ID scenarios
	(0, 3), 

	Network synchronization
	Synchronous

	Duplex modes
	FDD 

	Data and CCH load
	100%

	Cyclic prefix
	Normal

	DRX
	OFF

	Carrier frequency 
	2 GHz

	UE speed
	3 km/h

	Carrier bandwidth
	10 MHz 

	Channel model
	The channel model is the same for both cells.
ETU30 (baseline);
Optional channel model:

Urban A, Urban B and Bad Urban profiles of T1P1 [2]

	SINR for two cells, [dB]
	(Reference cell, neighbour cell 1) =(-6,-13)

	Number of transmit antennas
	PRS
	1 or 2

	
	CRS
	2

	Positioning subframes
	LIS (no presence of PDSCH in PRBs containing PRS)

	Number of consecutive positioning subframes per occasion
	1

	Number of positioning occasions for an RSTD measurement
	For each transmission scheme:

1 (baseline) 

2 consecutive positioning occasions

2 non-consecutive positioning occasions (odd-numbered positioning occasions)

	PRS pattern
	6-reuse in frequency, vshift = mod(PCI,6), Tprs=160 ms

	PRS transmission bandwidth
	10 MHz


6.3.2
RSTD Estimation with Diversity

A general structure for TOA estimation with diversity is shown in Figure 6.3.2-1 below, where the diversity system has P branches. The TOA is estimated independently at each diversity branch of the receiver, and then a “combining algorithm” is used to process the TOA estimates from all branches to obtain a desired “optimum” estimate for RSTD calculation.
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Figure 6.3.2-1: General Structure of TOA Estimation with Diversity Techniques. 

A variety of different combining algorithms can be designed for different diversity techniques. Two examples were used for the simulation results in subclause 6.3.3:

1)
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Other possibilities may be to include a weighting factor, where the estimate of each diversity branch is weighted with a coefficient that reflects the quality of the TOA estimation at each branch.

For the simulation results in subclause 6.3.3, P=2 has been used as defined in the simulation assumptions (subclause 6.3.1).

6.3.3
Performance characterization
In this clause the performance gains are evaluated by using link level simulations based on the simulation assumptions in clause 6.3.1. 

6.3.3.1
Link level simulation results
The results in this subclause were obtained with the combining method #1 in subclause 6.3.2 (i.e., min. TOA is selected as final TOA for RSTD calculation) [14].

●
T1P1 Channel Models 
[image: image79.emf]0 5 10 15 20 25 30 35 40 45 50 55 60 65 70

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1 1

UrbanA

UrbanB

BadUrban

Ts

CDF of RSTD error

MS speed = 30 km/h, 2 consecutive PRS occasions, SNR=[-6dB, -13dB]

 

 

baseline (1 PRS)

No Diversity

Tx Diversity 2 (split power)

Ant Switching

Tx Diversity 1 (split power with sign flip)

[image: image80.emf]0 5 10 15 20 25 30 35 40 45 50 55 60 65 70

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1 1

UrbanA

UrbanB

BadUrban

Ts

CDF of RSTD error

MS speed = 30 km/h, 2 nonconsecutive PRS occasions (odd-numbered), SNR=[-6dB, -13dB]

 

 

baseline (1 PRS)

No Diversity

Tx Diversity 2 (split power)

Ant Switching

Tx Diversity 1 (split power with sign flip)


[image: image81.emf]0 5 10 15 20 25 30 35 40 45 50 55 60 65 70

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1 1

UrbanA

UrbanB

BadUrban

Ts

CDF of RSTD error

MS speed = 3 km/h, 2 consecutive PRS occasions, SNR=[-6dB, -13dB]

 

 

baseline (1 PRS)

No Diversity

Tx Diversity 2 (split power)

Ant Switching

Tx Diversity 1 (split power with sign flip)

[image: image82.emf]0 5 10 15 20 25 30 35 40 45 50 55 60 65 70

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1 1

UrbanA

UrbanB

BadUrban

Ts

CDF of RSTD error

MS speed = 3 km/h, 2 nonconsecutive PRS occasions (odd-numbered), SNR=[-6dB, -13dB]

 

 

baseline (1 PRS)

No Diversity

Tx Diversity 2 (split power)

Ant Switching

Tx Diversity 1 (split power with sign flip)


Figure 6.3.3.1-1: RSTD link level simulation results (Qualcomm)
●
ETU Channel Models
High Spatial Correlation:
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Figure 6.3.3.1-2: RSTD link level simulation results (Qualcomm)
Medium Spatial Correlation:
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Figure 6.3.3.1-3: RSTD link level simulation results (Qualcomm)
Low Spatial Correlation:
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Figure 6.3.3.1-4: RSTD link level simulation results (Qualcomm)
6.3.3.1.1
Comparison of TOA Estimation Schemes

The following Figures compare the results with combining method #1 and method #2 defined in subclause 6.3.2 (i.e., min. TOA is selected as final TOA and average TOA is selected as the final TOA, respectively) for the Urban A example:
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Figure 6.3.3.1.1-1: RSTD link level simulation results (Qualcomm)
a)
Time Diversity Benefit:
The curves “No Diversity” in Figure 6.3.3.1.1-1 show the benefit from time diversity; i.e., a single TX antenna is used but two PRS occasions which are combined as described in subclause 6.3.2 above. With combining method #1 (min TOA), a time diversity effect is exploited. The performance is about 1.5 Ts better at the 70th percentile compared to the use of a single PRS occasion. 

Due to the fading, the two TOAs estimated are slightly different, and picking the smallest TOA among the two as a final TOA estimate should provide a TOA as close as possible to the desired line-of-sight TOA.  

With combining method #2 (average TOA), essentially no time diversity benefit is obtained. The “No Diversity” curve in Figure 6.3.3.1.1-1 (right hand side) overlap with the result of a single PRS occasion (baseline). The average TOA over two consecutive occasions is (on average) similar to the TOA estimated from a single occasion. 

b)
Antenna Switching Benefit:
With the given channel models, antenna switching does not provide an additional performance benefit compared to the use of a single antenna (“No Diversity”). 

With combining method #1 (Min TOA) the benefit is essentially due to time diversity. With combining method #2 (average TOA), no benefit compared to a single PRS occasion can be obtained (the same as (a) above). 

c)
TX Diversity 1 (Power splitting with sign flip):
This technique shows worse performance compared to no diversity; slightly worse with combining method #1, and considerably worse with combining method #2. With combining method #2, the performance is even worse compared to the base line result with a single PRS occasion. 

In the first PRS occasion, the sum of the two TX signals is used at the receiver; for the second PRS occasion the difference of the two TX signals is used at the receiver. With the given channel models, this means that most of the signal is canceled in the second occasion. With combining method #1, we pick the TOA mostly from the first occasion; with combining method #2, we compute an average TOA, but since the TOA from the 2nd occasion is quite bad (since components cancel due to the 180 degrees phase shift), the final TOA get worse compared to the use of a single occasion. 

With combining method #1, we essentially use the TOA from the first occasion only, and therefore, no additional time diversity. The benefit here comes primarily from space diversity only, where the two TX signals in the first occasion are added from the two antennas. With the given channel models, space diversity alone does not provide the same benefit as time diversity alone. Therefore, the performance with method #1 is worse compared to no diversity (i.e., time diversity only), but still better compared to the baseline with a single PRS occasion only.
d)
TX Diversity 2 (Power splitting):
This technique shows the  best performance in the simulations. Here, in both occasions the signal from the two antennas adds up at the receiver. There are two different TOAs available (compared to a single “good” TOA as in case of TX Diversity 1, where the signal in the second occasion mostly cancel), and by picking the smallest among the two TOAs, both, time and space diversity is exploited. The benefit with combining method #1 is about 2.5 Ts compared to a single PRS occasion at the 70th percentile; and about 1.5 Ts compared to time diversity only (“No Diversity”) at the 70th percentile.

Also with combining method #2, a gain can be obtained, which is however, slightly worse compared to combining technique #1. The average TOA is always more biased than a single selected TOA. 
6.3.3.2
Conclusions from interested companies

Table 6.3.3.2-1: Conclusions from interested companies

	Company
	Conclusion

	Qualcomm 
	Under the given simulation assumptions and channel models, some TX Diversity schemes can achieve about 1 – 2Ts improvement, if the UE processes the PRS occasions accordingly. E.g., processes nonconsecutive occasions and does not treat each occasion equally for estimating a final TOA to calculate the RSTD. Otherwise, it is possible that TX diversity performs worse compared to no diversity. Processing PRS occasions accordingly require at the UE the knowledge that TX diversity for PRS is being used at the eNodeB. If this is not the case, the PRS should not be transmitted from more than a single antenna. 
The results also show that the performance improvement with TX Diversity depends on the channel model so without channel information at the TX side it may not be possible to obtain any performance gains.


7
Feasibility on enhancement for OTDOA and E-CID with identical cell ID RRHs

7.1
Network Scenarios

In certain het-net deployments, some non-collocated RRHs have the identical PCI with the associated Macro cell so that these RRHs transmit the identical reference signals, and therefore it may cause ambiguousness on reference signal TOA detection.  Scenarios to be studied:

●
OTDOA scenario: RRH with PCI identical to the associated Macro cell  

●
E-CID scenario: RRH with PCI identical to the associated Macro cell 
7.2
Possible enhancements on OTDOA

OTDOA is based on RSTD measurements which in turn are based on PRS signals transmitted in low-interference positioning subframes. An advantage that the RRH scenario brings is the possibility to receive signals from more locations within the same cell and thereby possibly improve the OTDOA performance. A potential challenge though is that when multiple non-collocated RRHs of the same macro cell are using the same PRS sequence, it is not straightforward how the UE may distinguish between the PRSs transmitted from different RRHs to benefit from the RRH site diversity. 
7.2.1
Simulation assumptions

The intention with the study is therefore two-fold [15]: 

1)
Performance study: Study the OTDOA performance in the RRH scenario with the same PRSs transmitted from all RRHs of the same macro cell (macro cells are also transmitting, see Fig. 7.2.1-1),

NOTE: It is FFS whether the scenario with RRHs without macro cells is to be also studied.


Consider two reference scenarios for the Performance study:

-
RRH scenario with different PRSs transmitted from different RRHs of the same macro cell (this is to identify whether using the same PRSs at different RRHs contributes to the OTDOA performance degradation)

-
Macro cell scenario without RRHs (i.e., Rel-9 deployment; this is to identify the benefits of the RRH scenario over the legacy macro scenario).
2)
Enhancement study: Study possible enhancements to further improve the OTDOA performance in this scenario. However, RAN4 first needs to discuss the possible enhancements to be studied based on the outcome of the Performance study.
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Figure 7.2.1-1: Deployment scenario for the Performance study.

For both Performance study and Enhancement study it is proposed to reuse the simulation methodology used for Rel-9 OTDOA studies. The simulation approach is outlined as below.
The simulation approach is a static snapshot-based simulator with integrated link-level behavior in a multi-cell environment. A simulation comprises the following steps:

Step 1. System generation

( Generate network, drop users randomly with uniform spreading over the network,

( Assign UEs to the best cells with respect to the average power gain,

( Generate interferers, taking into account the PRS pattern.

Step 2. OTDOA measurements generation at the link level, while collecting the signal quality statistics

( Generate the transmitted signal,

( Generate the propagation channel and model the received signal at the UE receiver, 

( Apply a UE receiver algorithm to estimate OTDOA for different neighbor cell. 

Step 3. Based on OTDOA measurements, calculation UE positions in 2D space for a given set of neighbor cells.

Step 4.  For each UE, finding positioning accuracy (position error in meters)

( Use Taylor expansion, where for each UE solve a least squares problem for the system of at least three positioning equations. 

Simulation assumptions for CoMP scenario #4 (TR 36.819) may be adapted also for the OTDOA Performance study. Additionally, CoMP scenario with penetration loss of 20 dB for indoor UEs can also be studied.
At least the following performance metrics are suggested for the results analysis:

▪
The number of detected cells per UE (CDF)

▪
PRS Ês/Iot of the 1st (the strongest) cell, 2nd cell, 3rd cell, etc. (CDFs)

▪
PRP of the 1st (the strongest) cell, 2nd cell, 3rd cell, etc. (CDFs),
▪
Location accuracy CDF.
7.2.2
Performance characterization
In this section, the simulation results and conclusions from interested companies are collected.

●
Evaluation from Intel [16]
The RSTD estimation accuracies are compared under two scenarios: RRHs have different CID from Macro and Macro only.
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Figure7.2.2-1: CDF of RSTD estimation accuracy for the strongest identified cell except the reference cell

[image: image92.jpg]COFlaggry)

09

08

07

08

05

04

03

02

01

The second strongest identified cell

Macro+RRH
Macro only

H i
50 100 150

Apstp NS

200

250

300




Figure 7.2.2-2: CDF of RSTD estimation accuracy for the second strongest identified cell except the reference cell
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Figure 7.2.2-3: CDF of RSTD estimation accuracy for the third strongest identified cell except the reference cell

As shown in Figure 7.2.2-1 ~ 7.2.2-3, it is beneficial if PRS is transmitted from all RRH and the RRH which share the same CID can still be distinguished by the network and UE.

●
Evaluation from Huawei [17]
▪
Scenario1: RRH scenario with different PRSs transmitted from different RRHs of the same macro cell (this is to identify whether using the same PRSs at different RRHs contributes to the OTDOA performance degradation)

▪
Scenario2: Macro cell scenario without RRHs (i.e., Rel-9 deployment; this is to identify the benefits of the RRH scenario over the legacy macro scenario).

▪
Scenario3: RRH scenario with different PRSs transmitted from different RRHs and no macro cell coverage is assumed (this is to identify whether using the same PRSs at different RRHs contributes to the OTDOA performance degradation)

▪
Scenario4: RRH scenario with same PRSs transmitted from different RRHs and no macro cell coverage is assumed

1)
Simulation for RRH with macro coverage
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Figure 7.2.2-4: Number of Detected Cells per UE
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(a) Scenario1









(b) Scenario2

Figure 7.2.2-5: PRS Ês/Iot of the 1st / 2nd /3rd (strongest) cell
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(a) Scenario1









(b) Scenario2

Figure 7.2.2-6: PRP of the 1st / 2nd /3rd (strongest) cell
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Figure 7.2.2-7: Positioning Error CDF

The observations can be obtained from the above figures:

Observation 1: More cells can be detected by UE in scenario1, and PRS Ês/Iot and PRS received power in scenario 1 are also better than in scenario 2.

Observation 2: The OTDOA performance of scenario 1 is 10.9m @67% and 25.7m @95%.

Observation 3: The OTDOA performance of scenario 2 is 13.9m @67% and 64.3m @95%.

Observation 4: The positioning performance of scenario 1 is much better than scenario 2, with 22% gain @67% and 60% gain @ 95%.

Based on the observation 1-4, the proposal 1 is:

Proposal 1: In het-net scenarios, the RRH shall be used for OTDOA to achieve higher localization accuracy than R9 and the methods to distinguish RRHs shall be discussed.
2)
Simulation for RRH without macro coverage
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Figure 7.2.2-8: Number of Detected Cells per UE
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(a) Scenario 3









(b) Scenario 4

Figure 7.2.2-9: PRS Ês/Iot of the 1st / 2nd /3rd (strongest) cell
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(a) Scenario 3









(b) Scenario 4

Figure 7.2.2-10: PRP of the 1st / 2nd /3rd (strongest) cell
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Figure 7.2.2-11: Positioning Error CDF

From figures above, the observations can be obtained,
Observation 5: The number of detected cells for scenario 4 is less than scenario 3 as RRHs in scenario 4 may share the same PCI.

Observation 6: The positioning performance of scenario 3 is much better than performance of scenario 4.

Based on the observations 5-6, the proposal 2 is:

Proposal 2: In the het-net scenarios without Macro coverage, the methods to distinguish RRHs shall be discussed to achieve higher localization accuracy.
7.2.3
Possible enhancement options

For het-net scenarios, the usage of RRH can be beneficial for OTDOA performance, provided there are methods to distinguish the measured signals from different RRHs.

7.2.3.1
Possible enhancement options from interested companies
In this section, the possible enhancement options from interested companies are collected.

●
Analysis from Ericsson [18]
Time-domain candidate solutions:

•
Proposal 1: Consider the approach based on RRH-specific time offsets as a baseline approach.

•
Proposal 2: The same time offset may be used for a group of RRHs which are close to each other.

•
Proposal 3: Positioning occasions of a cell are a union of the cell’s RRHs’ positioning occasions. Positioning occasions of different intra-frequency cells may be aligned, as in Rel-9.

•
Proposal 4: RAN4 to discuss RSTD measurement requirements for the approach based on RRH-specific PRS time offsets.

•
Proposal 5: The same RSTD measurement accuracy as in Rel-9 can apply for RSTD measurements in deployments with RRH.

•
Proposal 6: RSTD measurement period in deployments with RRHs depends on the number of RRHs.

Candidate solutions relying on different sequences:

•
Observation: Most of the solutions in this group require new signalling and have more impact on specification and the involved node (including UE). The largest expected impacts are with CSI-RS RSTD measurements. 

●
Analysis from Alcatel-Lucent [19]
Two suggestions regarding to the OTDOA scenario that RRH with PCI identical to the associated macro cell are proposed.


Observation 1: There is no reason to transmit PRS signal from an RRH with PCI identical to the associated macro cell since the RSTD measurements associated with the RRH are not useful for OTDOA positioning because the RRH location is unknown to the location server.


Observation 2: Transmitting PRS signals from an RRH with PCI identical to the associated macro cell generates multi-path type interference, which will degrade the UE’s performance in detecting the time of arrival of PRS signals from the macro cell. 

●
Analysis from Intel Corporation [20]

Proposal 1:  The RRHs with same PCI can be assigned with different PRS muting patterns. UE reports prs-mutinginfo configured and used for measuring RSTD for a cell together with other measurement reporting (such as PCI, RSTD, or RSTD quality), e.g., in IE NeighbourMeasurementElement.


Proposal 2:  The RRHs with same PCI can be assigned with different PRS configuration indices. UE reports the configured PRS configuration index together with other measurement reporting (such as PCI, RSTD, or RSTD quality), e.g., in IE NeighbourMeasurementElement. 

●
Analysis from Huawei, HiSilicon [21]
▪
Solution 1: Non-overlapping time-separated positioning occasions

Based on the analysis, this method will not have impact on the current physical design for positioning signal but only some signalling shall be introduced (possible impact to RAN2/3).

▪
Solution 2: Different RRHs transmit the same PRS in different subframes of the same positioning occasion


This method will not have impact on the current physical design for positioning signal but only some signalling shall be introduced (possible impact to RAN2/3).

▪
Solution 3: Different PRS sequences for different RRHs in the same cell

As the new ID or index might be introduced for scrambling, this method will not only have impact on the current physical design for positioning signal (possible impact to RAN1) and also some signalling shall be introduced (possible impact to RAN2/3). On the other hand, the orthogonality of scrambling code doesn’t show gain over time domain differentiation method, but will introduce more complexity for UE measurement. 

▪
Solution 4: New RRH-specific RS

By using RRH specific RS (e.g. CSI-RS), UE is able to identify the specific RRH, and then UE can perform positioning measurement based on RRH specific RS and report to the network for location calculation. It will introduce new measurement quantity of CSI-RS based TOA in RAN1, but it doesn’t need more identifiers for RRH in signalling. Signalling only focus on the measurement configuration and reporting. Compared with time domain method, it will not last too long time for RSTD measurement.

7.2.3.2
Summary and comparison of different solutions for OTDOA enhancements

Different solutions for OTDOA enhancements in scenarios with RRHs are summarized and compared in tables below for the two groups of solutions, the time-domain solutions and the solutions based on TP-specific sequences [22].

Table 7.2.3.2-1: Summary and comparison for OTDOA enhancement solutions in scenarios with RRHs from Ericsson
	Solution
	Advantages
	Impacts

	
	Ericsson

	1. Time–domain separation of transmissions from different TPs in the same shared cell
	Common for the group:

●
Simple

●
No measurement procedure impact
	Common for the group:

●
TP-specific time-related PRS parameters need to be signalled via LPP and LPPa

	a)
TP-specific subframe offset for positioning occasions 
	
	

	b)
TP-specific set of subframes within a positioning occasion 
	
	Also:

●
The approach may not work for small bandwidths where 6 subframes, preferably within the same positioning occasion, are needed to meet the requirements

	c)
TP-specific muting pattern 
	
	Also:

●
Muting is required in shared cell, inefficient resource utilization

	d)
TP-specific PRS configuration
	
	

	2. TP-specific signal sequences
	Common for the group:

●
No ambiguity
	Common for the group:

●
Larger impacts compared to time-domain solutions

	a)
Using virtual or pseudo cell IDs
	Also:

●
Simple. Can be left to network implementation.
	

	b)
Using cell portions 
	Also:

●
Existing RAN3 cell portion concept/signalling may be reused and further extended for LPP
	Also:

●
Cell portions need to be signalled via LPP

	c)
Using CSI-RS for RSTD
	
	Also:

●
The support of CSI measurements may be optional for UE

●
CSI-RS need to be specifically configured for positioning in all TPs

●
PRS will still be used though in legacy cells and for legacy UEs

●
RSTD is a time difference measurement involving two measurements. If some TPs or cells are not using CSI-RS, the CSI-RS TOA needs to be combined with PRS/CRS TOA to obtain an RSTD measurement.

●
RE density of CSI-RS is lower than that for CRS (determines hearability and measurement performance)

●
Es/Iot condition for CSI-RS measurements (0 dB) is higher than that for PRS (-13 dB) and CRS (-6 dB), resulting in much fewer TPs detected by UE. As a result, the number of detected cells/TPs may be insufficient for OTDOA.

●
High impact on different specifications and a lot of work in all RAN groups, e.g.:

-
A new measurement,

-
New measurement requirements,

-
CSI-RS configuration signalling via LPPa and LPP, etc.

	d)
New TP-specific sequences
	
	Also:

●
Same as for (2b), but also standardizing new signals/sequences.


Table 7.2.3.2-2: Summary and comparison for OTDOA enhancement solutions in scenarios with RRHs from Huawei
	Solution
	Advantages
	Impacts

	
	Huawei

	1. Time–domain separation of transmissions from different TPs in the same shared cell
	
	

	a)
TP-specific subframe offset for positioning occasions 
	This solution will not have impact on the current physical design for positioning signal but only some signalling shall be introduced (possible impact to RAN2/3)
	When PRS period is large (e.g. 1280ms) and the number of RRHs per cluster is large (e.g. 10 according to Scenario 2a TS36.872), the RSTD measurement period might be too long. 

The normal traffic will be seriously impacted.

	b)
TP-specific set of subframes within a positioning occasion 
	this solution will not have impact on the current physical design for positioning signal but only some signalling shall be introduced (possible impact to RAN2/3).
	The normal traffic will be seriously impacted.

	c)
TP-specific muting pattern 
	NA
	NA

	d)
TP-specific PRS configuration
	NA
	NA

	2. TP-specific signal sequences
	
	

	a)
Using virtual or pseudo cell IDs
	Will not have impact on the current physical design for positioning signal. It won’t impact the legacy RSTD measurement period.
	Moreover, new signalling should be introduced in OTDOA INFORMATION REQUEST or OTDOA INFORMATION RESPONSE in TS36.455 to indicate ‘virtual positioning’ setting and the relationship between ‘virtual PCI’ and ‘actual PCI’.

New schemes should be introduced to network planning in order to avoid PRS collision among RRHs, which include a large number of ‘virtual PCI’

	b)
Using cell portions 
	Will not have impact on the current physical design for positioning signal but only some signalling shall be introduced. It won’t impact the legacy RSTD measurement period
	The number of cell portions specified for positioning limit the RRH number for positioning significantly

	c)
Using CSI-RS for RSTD
	By using RRH specific CSI-RS, UE is able to identify the specific RRH, and then UE can perform positioning measurement based on RRH specific RS and report to the network for location calculation.
Current measurement delay could be maintained.

No traffic impact.
	will introduce new measurement quantity of CSI-RS based TOA in RAN1
will introduce some signalling

	d)
New TP-specific sequences
	NA
	NA


Table 7.2.3.2-3: Summary and comparison for OTDOA enhancement solutions in scenarios with RRHs from Alcatel-Lucent

	Solution
	Advantages
	Impacts

	
	Alcatel-Lucent

	1. Time–domain separation of transmissions from different TPs in the same shared cell
	In general, the proposed time-domain based approaches do not need to change the physical layer specifications.
	In general, the proposed time-domain based approaches have the following impacts:

●
Require the change of high-layer signalling specifications 

●
Require careful additional effort in PRS configuration for the RRHs

●
Add additional burden in field deployment and coordination

●
Impact significantly on the efficiency of spectrum usage
●
Cannot be extended to the distributed antenna system (DAS) 

	●
TP-specific subframe offset for positioning occasions 
	
	

	●
TP-specific set of subframes within a positioning occasion 
	
	

	●
TP-specific muting pattern 
	
	

	●
TP-specific PRS configuration
	
	

	2. TP-specific PRS signal sequences
	In general, the proposed Signal-domain based approaches would be more efficient in terms of spectrum usage in comparison with   time-domain based approaches.
	In general, the proposed signal-domain based approaches have the following impacts:

●
Require the change of high-layer signalling specifications

●
Require the change of physical-layer signalling specifications

●
May have the impact on other physical-layer channels
●
Cannot be extended to the distributed antenna system (DAS)

	●
Using virtual or pseudo cell IDs
	
	

	●
Using cell portions 
	
	

	●
Using CSI-RS for RSTD
	
	

	●
New TP-specific sequences
	
	


7.3
Possible enhancements on E-CID

For E-CID positioning, CRS is used for the DL component of the UE Rx-Tx time difference measurement and CRS sequence is also derived from PCI, for the UL component, SRS are used.
7.3.1
Simulation assumptions

The intention with the study is therefore two-fold [15]:
1)
Performance study: Study the UE Rx-Tx time difference measurement performance in the RRH scenario with the same CRSs transmitted from all RRHs of the same macro cell. Compare to the reference scenarios (the scenario with different CRSs transmitted from different RRHs and the macro-only scenario).

Consider two reference scenarios for the Performance study:
-
RRH scenario with different CRSs transmitted from different RRHs of the same macro cell 
-
Macro-only scenario

2)
Enhancement study: Study possible enhancements to further improve the UE E-CID positioning performance in this scenario. However, RAN4 first needs to discuss the possible enhancements to be studied based on the outcome of the Performance study.

Simulation assumptions for CoMP scenario #4 (TR 36.819) can be adopted also for the UE E-CID Performance study, and for simplicity, assume that RTT is determined by UE Rx-Tx only along with ideal (zero) eNodeB Rx-Tx.
For both Performance study and Enhancement study it is proposed to reuse the simulation methodology used for Rel-9 ECID studies. The simulation approach is outlined as below.
The simulation approach is a static snapshot-based simulator with integrated link-level behavior in a multi-cell environment. A simulation comprises the following steps:

Step 1. System generation

( Generate network, drop users randomly with uniform spreading over the network,

( Assign UEs to the best cell,

( Generate interferers (full load case can be considered as baseline)

Step 2. UE Rx-Tx measurements generation at the link level, while collecting the signal quality statistics

Step 3. Generate the performance metrics

At least the following performance metrics are suggested for the results analysis:

●
The distribution (CDF) of UE Rx - Tx time difference measurement error (delay error) in number of Ts (1 Ts = 32.5 ns) is to be shown for the reference scenarios for each of the two studies. The measurement error is the difference between the estimated UE Rx-Tx time difference and the true UE Rx-Tx time difference. The true Rx-Tx time difference is based on the assumption that UE has perfect knowledge of serving base station timing. 

●
The distributions (CDFs) of the RTT error are to be shown for each of the two studies. The RTT error is the difference between the estimated RTT and the true RTT. 
●
Positioning accuracy CDFs. The positioning accuracy is the difference between the estimated UE location and the actual UE location.
-
Macro-only scenario: true RTT is the doubled distance between UE and macro eNB

-
RRH scenario with different CRSs transmitted from different RRHs of the same macro cell: true RTT is the doubled distance between UE and serving RRH

-
RRH scenario with same CRSs transmitted from different RRHs of the same macro cell: true RTT is the doubled distance between UE and macro eNB

Macro cells are also transmitting CRS.

7.3.2
Performance characterization
In this section, the simulation results and conclusions from interested companies are collected.

7.3.2.1
Simulation results for CoMP (with no CA) with non-collocated serving cells on the same frequency

●
Evaluation from Huawei [23]
▪
Scenario1: Macro-only scenario with different CRSs transmitted from different macro cells.
▪
Scenario2: RRH scenario with different CRSs transmitted from different RRHs of the same macro cell

▪
Scenario3: RRH scenario with same CRSs transmitted from different RRHs of the same macro cell (this is to identify whether using the same CRSs at different RRHs contributes to the UE E-CID positioning performance degradation)

NOTE:
In the simulated scenarios 1-3, only the DL transmissions are modelled.
[image: image106.png]CDF

09

08

07

06

05

04

03

02

01

CDF Curve of UE Ry-Tx Error

Scenariol
Scenario2
Scenario3

15

ERROR (Ts)

E3 0




Figure 7.3.2.1-1: CDF of UE Rx-Tx Error in AWGN
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  Figure 7.3.2.1-2: CDF of UE Rx-Tx Error in ETU
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Figure 7.3.2.1-3: CDF of RTT Error in AWGN
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Figure 7.3.2.1-4: CDF of RTT Error in ETU
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Figure 7.3.2.1-5: CDF of Positioning Error

Observation 1: Both in AWGN and in fading channel, the performance of scenario 1 and scenario 2 are similar for both Rx-Tx and RTT.

Observation 2: The positioning performance of scenario 3 is much worse than performance of scenario 2.
Observation 3: The largest part of RTT error comes from the wrong judgement of anchor point for RTT estimation.

Proposal 1: In the het-net scenarios, the methods to distinguish RRHs shall be discussed for ECID to achieve higher localization accuracy. 

7.3.3
Possible enhancement options

7.3.3.1
Summary and comparison of different solutions for E-CID enhancements

Different solutions for E-CID enhancements in scenarios with RRHs are summarized and compared in tables below[24].

Table 7.3.3.1-1: Summary and comparison for E-CID enhancement solutions in scenarios with RRHs from Ericsson
	Solution
	Advantages
	Impacts

	
	Ericsson

	#1. Network solution based on the UL component 
	●
Transparent to the UE, i.e., no additional impact on legacy UEs (e.g., no new measurements, no new measurement reporting signalling, etc.)
	●
No impact on the UE (if no CRS muting is not used), impact on the network

●
Positioning node needs to be aware of the UL measurements at different TPs, to select the correct TP

●
If CRS muting is used, UE and positioning node need to be aware of whether/when muting of common signals is applied in different TPs of a shared cell.

	#2. Using CRS muting to differentiate among TPs
	●
UE receives CRS only from one TP at a time, i.e., no ambiguity
	●
Impact on the UE and on the network

●
UE and positioning node must be aware of whether/when muting of common signals is applied in different TPs of a shared cell.

●
Muting is required, which restricts network configuration and deployment

●
Inefficient resource utilization due to muting

	#3. Using CSI-RSRP measurements to determine the TP transmitting CRS used for the UE Rx-Tx 
	●
UE-based solution exploiting TP-specific signals, without standardizing new measurements
	●
Impact on the UE, no impact on the network (if CRS muting is not used in shared cell)

●
The support of CSI measurements may be optional for UE

●
If CRS muting is used in the shared cell, UE and positioning node need to be also aware of whether/when muting of common signals is applied in different TPs of a shared cell.

	#4. Using CSI-RS for UE Rx-Tx
	●
Measured DL signals for the measurement are made TP-specific
	●
Impacts on the UE and on the network

●
The support of CSI measurements may be optional for UE

●
CSI-RS need to be specifically configured for positioning in all TPs, while CRS are always transmitted in typical scenarios

●
Legacy UEs will not be able to perform CSI-RS based UE Rx-Tx

●
RE density of CSI-RS is lower than that for CRS (determines measurement performance)

●
Es/Iot condition for CSI-RS measurements (0 dB) is higher than that for CRS (-6 dB), resulting in fewer TPs detected by UE

●
High impact on different specifications and a lot of work in all RAN groups, e.g.:

-
A new measurement,

-
New measurement requirements,

-
CSI-RS configuration signalling via LPPa and LPP, etc.


Table 7.3.3.1-2: Summary and comparison for E-CID enhancement solutions in scenarios with RRHs from Huawei
	Solution
	Advantages
	Impacts

	
	Huawei

	#1. Network solution based on the UL component 
	●
the eNodeB could judge the nearest anchor point to the target UE by estimating at which anchor point the UE uplink signal firstly arrived, and then eNB use this nearest RRH to locate target UE by using RTT.
	●
Only works when both eNodeB and RRHs have both DL and UL

	#2. Using CRS muting to differentiate among TPs
	
	

	#3. Using CSI-RSRP measurements to determine the TP transmitting CRS used for the UE Rx-Tx
	
	

	#4. Using CSI-RS for UE Rx-Tx
	For case that UL available only on eNB, in order to guarantee that Rx-Tx time difference measurement is performed on symmetry links, UE shall be indicated to perform Rx timing estimation on the reference signal from eNB instead of ones from RRHs. However, the reference signal from eNB might not be the first arrived signal at the UE receiver, if certain RRH is closer to the UE than eNB. Thus UE have to make sure the UE Rx-Tx measurement is performed on the reference signal from eNB rather than from closer RRH. Currently CRS is common among eNB and RRHs, so CSI-RS could be used to differentiate the eNB from the RRHs, that is, UE will always perform UE Rx-Tx measurement based on the CSI-RS from eNB.
	Works even if eNodeB has UL and DL but RRH only has DL.


Table 7.3.3.1-3: Summary and comparison for E-CID enhancement solutions in scenarios with RRHs from Alcatel-Lucent

	Solution
	Advantages
	Impacts

	
	Alcatel-Lucent

	#1. Network solution based on the UL component 
	No impact on UE side
	The usage of this approach may not work, or be or very limited, in practice. The approach requires multiple RRHs to monitor the same UE and to detect the UE’s uplink for the comparison of the receiving time. It requires all RRHs be precisely time-synchronized, at least  better than the distance difference from the UE to these RRHs. Considering the distance difference from the UE to multiple RRHs can oftentimes be smaller than 100m, it requires the RRHs time-synchronization to a fraction of microsecond level, which is usually very difficult or impossible especially for indoor installed RRHs.



	#2. Using CRS muting to differentiate among TPs
	
	●
Impacts on both UE and network

●
Muting CRS may have significant impact on network data service performance, which needs to be carefully evaluated.

	#3. Using CSI-RSRP measurements to determine the TP transmitting CRS used for the UE Rx-Tx 
	
	

	#4. Using CSI-RS for UE Rx-Tx
	
	


8
Feasibility study on enhancement for UE Rx-Tx measurement over multiple serving cells
8.1
Network Scenarios

●
Multiple serving cells in CA, i.e., when the serving cells are on different carrier frequencies, where

▪
The multiple serving cells are non-collocated and this includes also dual connectivity scenario
In CA, UE can be served by serving cells, e.g. CA scenario 4. Some example deployment scenarios are illustrated in Figures 8.1-1– 8.1-2.
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Figure 8.1-1: Several non-collocated serving cells for E-CID without RRHs, CA.
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Figure 8.1-2: Several non-collocated serving cells for E-CID with RRHs, CA.

8.2
Possible enhancement for UE Rx-Tx measurement with multiple serving cells

8.2.1
Possible enhancement options

In this section, the analysis from interested companies is collected.

●
Analysis from Huawei [25][26]
If all the nodes who are participating the coordinated transmission are anchored for E-CID, e.g. non-collocated serving cell UE Rx-Tx time difference was measured, the positioning performance can be increased due to the more anchor nodes for location.

In CoMP, UE can be covered by several non-collocated serving cells on the same frequency, and if UE Rx-Tx measurement can be performed on these non-collocated serving cells, it can help to locate this UE in a exact place rather than on a positioning circle derived by half of RTT (Round Trip Time). Similarly, in CA, UE can be served by several non-collocated serving cell on different component carriers (e.g. CA scenario 4), and if UE Rx-Tx measurement can be performed on these non-collocated PCell and SCells, it can help to locate this UE in a exact place rather than on a positioning circle derived by half of RTT.

Proposal 1: the UE Rx-Tx time difference measurement shall be extended to non-collocated serving cells in CA.

Proposal 2: the UE Rx-Tx time difference measurement shall be extended to non-collocated serving cells in CoMP. 

●
Analysis from Alcatel-Lucent [27][28]
It would be beneficial to extend the UE Rx – Tx time difference measurements from the primary serving cell to all serving cells. The benefits are not limited to E-CID positioning only. UE Rx – Tx time difference measurements from multiple serving cells may also be combined with other measurements, such as RSTD measurements to enhance the positioning performance. In addition, UE Rx – Tx time difference measurements have one significant advantage over RSTD measurements in that UE Rx – Tx time difference measurements are independent of cell time synchronization errors, which make UE Rx – Tx time difference measurements from multiple cells are desirable for the het-net deployment scenarios where the time synchronization accuracy for RRH or small cells are more difficult to be controlled than macro cells. 

●
Analysis from Ericsson [29]
Since release 10 and until now (release 12) the carrier aggregation requirements have been developed or are being currently developed/studied in RAN4 for the following scenarios:

1)
Intra-band CA with 2 DL and 1 UL CC or 2 UL CC (Rel-10)

2)
Inter-band CA with 2 DL and 1 UL CC (Rel-10)

3)
Intra-band non-contiguous CA with 2 DL and 1 UL CC (Rel-11)

4)
New carrier type as SCell: 2 DL CCs with 1 UL CC or 2 UL CCs – (on-going in Rel-12)

5)
Inter-band CA with 2 DL and 2 UL CC (on-going in Rel-12)

6)
Intra-band non-contiguous CA with 2 DL and 2 UL CC (on-going in Rel-12)

7)
3 DL involving 2 bands with 1 UL CC (just started in Rel-12)
The possible improvement could be that the UE Rx-Tx time difference measurement is also performed on the SCell in addition to the existing one done on the PCell. The UE Rx-Tx time difference measurement involves both UL and DL transmissions. Therefore in general CA scenarios 1 (with 2 UL CCs), scenario 4 (with 2 UL CC), scenario 5 and scenario 6 listed above are relevant for this measurement.  

But in particular the additional measurement on SCell is likely to enhance overall positioning accuracy when SCell is not co-located with the PCell. Currently only the inter-band CA UE performance requirements (scenario 2) in TS 36.101 are defined for non co-located deployment. These requirements are expected to be extended also for scenario 5 (i.e. with 2 UL CCs) in release 12. In such deployment (i.e. scenario 5) the network will typically use multiple TA (i.e. pTAG and sTAG) if the UE supports this capability. The UE Rx-Tx time difference measurement itself could possibly be generically defined. But it would be more reasonable that the corresponding requirements are defined to be applicable only for practical deployment scenario e.g. scenario 5. Nevertheless the benefit of having UE Rx-Tx time difference measurement on SCell needs further investigation. 

8.2.2
Summary

Summary in this section is based on the analysis from interested companies in section 8.2.1. 
Benefits for E-CID positioning performance have been observed when the UE Rx-Tx time difference measurement is performed on multiple serving cells in CA, i.e., with the serving cells are on different carrier frequencies, with cells being co-located or non-collocated.
9
Conclusions
All the conclusions are captured in the summary of each section.
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