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1 Introduction

In RAN #60 meeting, a new Study Item “Positioning enhancements for E-UTRA” was approved. The objective of the SI 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.

In this paper we give the simulation assumptions for HetNet deployment.
2 Background and scenarios
It was clearly stated in the SID that the positioning performance of OTDOA and E-CID based on UE Rx-Tx time difference measurement under deployment of RRHs with identical cell IDs should be studied.
From TR 36.819 typical Heterogeneous network with low power RRHs within the macrocell coverage where the transmission/reception points created by the RRHs have the same cell IDs as the macro cell is illustrated in Figure 1.
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Fig.1 RRH deployment with same PCI
When RRH(s) are deployed with same physical cell identity(PCI) as macro cell, the positioning performance will degrade due to the lack of RRH accurate location information in e-SMLC and the UE does not know where the corresponding positioning reference signal it receives comes from, as shown in Figure 2. For OTDOA, after RSTD measurement results were reported e-SMLC would be not capable to perform correct UE geographic location calculation if it is not sure which reference access points shall be taken into account.
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Fig.2 Possible issue in identical ID coverage
3 Simulation Methodology and assumptions
Methodology

In the previous RAN4 meeting, the simulation methodology was discussed, and here we can reuse the main idea of the R9 methodology [1] but with some revisions. The preferred simulation procedure is a static snapshot-based simulation with the ability to model link-level behavior in 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,
( Log the PRS SINR of reference cell and neighbor cells.
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 RSTD for different neighbor cell. 

Step 3. Based on RSTD measurements, calculation UE positions in 2D space for a given set of neighbor cells.
( Since UE cannot distinguish the anchor points, in the simulation it can be assumed that always the macro cell location is used as anchor points.
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 the simulation assumptions there are two parts. One is the system level simulation assumptions for PRS SINR logging under RRH deployment with same PCIs. Another is the link level simulation assumptions for ToA estimation. The simulation assumptions for CoMP scenario 4 (referred to TR36.819) and R9 OTDOA was reused as most as possible. Based on this the basis simulation assumptions for system level CoMP+OTDOA and link level RSTD measurement were summarized in Table1 and Table 2 respectively.
In this simulation, our intension is to evaluate the possible loss on positioning accuracy if macro eNB and RRH location cannot be distinguished. For simplicity of simulation, we can use 4 positioning cells as baseline for UE location calculation to see the performance loss. In our understanding 2 cases can be involved,

Case1: OTDOA with RRH of different PCI (COMP scenario3)

Case2: OTDOA with RRH of same PCI (COMP scenario4)

Table 1: System level simulation parameters for CoMP+OTDOA
	Parameter
	Values used for evaluation

	Deployment scenarios
	Scenario 3: Heterogeneous network with low power RRHs within the macrocell coverage (Figure 1).
· transmission/reception points created by the RRHs have different cell IDs as the macro cell
· Coordination area includes:

- 1 cell with N low-power nodes as starting point

- 3 intra-site cells with 3*N low-power nodes
Scenario 4: Network with low power RRHs within the macro cell coverage where the transmission/reception points created by the RRHs have the same cell IDs as the macro cell (Figure 1).

· Coordination area includes:

- 1 cell with N low-power nodes as starting point

- 3 intra-site cells with 3*N low-power nodes
Macro cell ISD= 500m as baseline; 1732m.

	Simulation case
	Baseline:

ITU UMa for Macro, UMi for low power node

·  UMa

- UE speed : 3km/hr

- No outdoor in-car penetration loss

·  UMi
- Carrier Frequency : 2GHz

- 100% UE dropped outdoors

- No outdoor to indoor penetration loss

· Antenna Height: Applied for ITU UMa (Macro), ITU UMi (LPN) 

· 10m for RRH/Hotzone Node

· 25m for Macro Node

· 3D antenna tilt for calibration (for 25m) :  12 degrees 

· UE noise figure: Applicable to all the channel models 

· 9dB

· Minimum Distance: Applicable to all the channel models
· Macro – RRH/Hotzone: >75m

· Macro – UE : >35m

· RRH/Hotzone – RRH/Hotzone: >40m

· RRH/Hotzone – UE : >10m
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· Modeling Conventions
· Distance measure

1. Distance d is measured in 2 dimensions 

· Applies to both path loss formula, as well as minimum Node/UE distances

·  Additional Clarifications 
- ITU UMa and UMi penetration, pathloss, and shadowing generation methodology is used for Macro to UE and Pico/RRH to UE respectively

- Do not use values in TR36.814 for pathloss, penetration and shadowing

Optional enhancement:

· Indoor-outdoor modeling

· Indoor/Outdoor UE distribution 

1. 80% of users are dropped indoor

2. Applies to both UE placing configuration 1 and 4b

· Indoor penetration loss for UMa 

1. Reuse the model from UMi 
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4. d : distance between UE and transmission node

5. din : independent uniform random value between [ 0, min(25,d) ] for each link

6. PLLOS/NLOS : pathloss of LOS or NLOS computed using the LOS probability for the given link.

· Note that ITU UMi LOS probability (to the wall) is also used for indoor users.

· Channel Model Parameters for UMa O-to-I

· Reuse Channel Model Parameters of UMa NLOS for UMa O-to-I

1. To be used as starting point

2. Some parameters, including delay spread, standard deviation of shadow fading, number of clusters, cluster ASA, may need to be revised, based on measurements and other observations

· Chanel Model Parameters of extended UMa are given in the following tables.
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	Number of low power node per macro-cell
	Configuration #4b [TR 36.814] with N low power nodes per macro cell
Configuration #1 [TR 36.814] with N low power nodes per macro cell
Baseline: N = 4

Optional: N = 1, 2, 10

	Low power node TX power (Ptotal)
	30 dBm

	Number of UEs per cell
	Same as TR 36.814 for Heterogeneous networks

	System bandwidth
	10 MHz 

	Network synchronization
	Synchronized

	Number of antennas for PRS transmission
	Macro and low Tx power RRH: 1

	Number of receiver antennas at UE
	2

	Antenna pattern
	For macro eNB: 3D 
Follow Annex A 2.1.1.1 Table A.2.1.1-2 in TR36.814

For low-power node: 2D 
Horizontal plane: omnidirectional
Vertical plane:
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	eNB Antenna tilt
	For macro eNB: Different downtilt values may be evaluated.
For low-power node: 0 degree

	Antenna gain + connector loss
	For macro eNB: 17 dBi
For low power node: 5 dBi

	Placing of UEs
	For heterogeneous networks, placement according to the configuration.

	PRS power per RE
	( Pmax-10*log10(Nsc)+4 [dB]

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

	Number of consecutive positioning subframes
	1

	Number of positioning occasions for a fix
	( 3

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

	PRS transmission bandwidth
	Full carrier bandwidth

	Positioning cells number
	Baseline: 4
Optional: max cell number (cells whose PRS SINR is larger than -13dB)


Table 2: Link level simulation parameters for ToA estimation
	Parameter
	Value

	Network synchronization
	Synchronous

	Data and CCH load
	100%

	Cyclic prefix
	Normal

	DRX
	OFF

	Carrier frequency 
	2 GHz

	Carrier bandwidth
	10 MHz (aligned with system level simulation)

	Channel model
	AWGN(Baseline),

	Ês/Iot for target, [dB]
	Derived from system level simulation output

	Number of receive antennas
	2 equal-gain uncorrelated antennas

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

	Number of consecutive positioning subframes
	1

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

	PRS transmission bandwidth
	Full carrier bandwidth

	Measurement bandwidth
	Full carrier bandwidth


4 Conclusion

In this paper the methodology and simulation assumptions for HetNet scenario were discussion. It is proposed that they can be decided in this meeting and interested companies can provide simulation results in next meeting for alignment.
Reference
[1] R4-093773, ‘System-level simulation assumptions for OTDOA positioning studies’, Ericsson, ST-Ericsson
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