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Introduction

A new Study Item for Indoor Positioning Enhancements for UTRA and LTE was approved at RAN plenary #64, with work to begin in October 2014 [1].  The first two tasks for the Study Item are:

· Define a 3D system model, including indoor channel model, to study indoor positioning [RAN1]

· Develop baseline simulation scenarios and evaluate the corresponding baseline performance of the existing positioning techniques (e.g. A-GNSS, E-CID, OTDOA, UTDOA, or hybrids thereof) for indoor environments to establish a baseline performance [RAN1]

· For the performance evaluations consider specifically: location accuracy (including latitude, longitude and altitude), yield, and time to fix.

A skeleton for the TR for the Indoor Positioning Enhancements Study Item has been proposed [2].  This contribution is a TP for the Study Item TR 37.857.
Discussion 
Wireless Channel models were discussed in detail in a contribution from NextNav [3].  This current contribution summarizes that discussion as a Text Proposal for the Indoor Positioning Enhancements Study Item Technical Report [2].
Summary
This contribution proposes text for the wireless channel model for the indoor positioning Study Item.  It is proposed that this Text Proposal for TR 37.857 be approved by RAN1.   
References 

[1] 
RP-141003, “New SID: Study on Indoor Positioning Enhancements for UTRA and LTE,” RAN#64, Sophia Antipolis, June 2014
[2] 
R1-143843, “37.857 v0.0.1 (Skeleton) Study on Indoor Positioning Enhancements,” NextNav, RAN1#78bis, Ljubljana, Slovenia, Oct. 2014
[3] 
R1-143844, “Discussion on TR 37.857 channel model,” NextNav, RAN1#78bis, Ljubljana, Slovenia, Oct. 2014
<Unchanged sections omitted>
<Start of first changed section>

2
References

The following documents contain provisions which, through reference in this text, constitute provisions of the present document.

-
References are either specific (identified by date of publication, edition number, version number, etc.) or non‑specific.

-
For a specific reference, subsequent revisions do not apply.

-
For a non-specific reference, the latest version applies. In the case of a reference to a 3GPP document (including a GSM document), a non-specific reference implicitly refers to the latest version of that document in the same Release as the present document.

[1]  
RP-141003 “New SID: Study on Indoor Positioning Enhancements for UTRA and LTE”

[2] 
3GPP TR 21.905: "Vocabulary for 3GPP Specifications".

[3] 
3GPP TS 22.071: “Location Services (LCS); Service description; Stage 1”.

[4] 
3GPP TS 25.331: "Radio Resource Control (RRC); Protocol specification".
[5] 
3GPP TS 25.453: "UTRAN Iupc interface Positioning Calculation Application Part (PCAP) signalling".
[6] 
3GPP TS 36.355: " Evolved Universal Terrestrial Radio Access (E-UTRA); LTE Positioning Protocol (LPP)

[7] 
R1-091443, “
Evaluation parameters for positioning studies,” RAN1 #56bis, Seoul, Korea
[8] 
Rec. ITU-R M.1225, “Guidelines for Evaluation of Radio Transmission Technologies for IMT-2000”
[9] 
3GPP TS 05.05: “Radio transmission and reception”  
[10] 
3GPP TS 36.104: “Evolved Universal Terrestrial Radio Access (E-UTRA); Base Station (BS) radio transmission and reception”
[11] 
3GPP TR 36.873: “3D-channel model for LTE” 
[12] 
3GPP TR 36.814: “Evolved Universal Terrestrial Radio Access (E-UTRA); Further advancements for E-UTRA physical layer aspects”
<End of changed section>
<Start of changed section>
5
Evaluation methodology for Indoor Positioning

Editor’s Note: To be determined. 
5.1 
3D System Model for positioning

The system model consists of the wireless channel model as described in section 5.2, modeling for the z dimension as well as other network level components.
5.2
Wireless Channel Model
The state of the art on wireless channel modeling is described in 6.1.1 and the proposed wireless channel models for the purpose of indoor positioning are given in 6.1.2.
5.2.1
Channel Model Background
Wireless channel models are essential in the design, analysis and simulation of wireless systems. Much work has been done in 3GPP on channel models for specific propagation environments that quantify applicable multipath profiles, and path-loss and shadowing models suitable to such environments.

As part of this study item on indoor positioning, a set of requirements was identified for analyzing the suitability of wireless channel models to the assessment of indoor positioning performance, consisting of the following aspects: 

1.
The model incorporates realistic path loss models, for 3D and indoors. 

2.
The model accommodates carrier frequencies from sub-GHz to 5+ GHz and propagation distances of up to several km. 

3.
The model accommodates real-world multipath distributions applicable to 3D/indoors. 

4.
The model is built on realistic choices of delay distributions, power profiles, and allows for delay & power variability across channel realizations, e.g. via drawing from statistical distributions. 

5.
Complexity can be minimized for expediency of simulation work.

Various wireless channel models were investigated, including channel models based on tapped delay line (TDL) and geometric stochastic models (GSCM). It was observed that TDL models, including the Extended Pedestrian A (EPA) were used in prior OTDOA-based positioning studies in 3GPP [7].

In TDL models such as the ITU-R M.1225 recommendation [8] and 3GPP TS 05.05 specification for GSM [9] and TS 36.104 [10], each delay tap corresponds to a multipath signal characterized by fixed delay, relative average power and Doppler spectrum. 

The channel impulse response is given by: 
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where L = number of taps, τl is tap delay relative to first tap, hl is Rayleigh distributed complex channel coefficient for the l-th tap.

GSCM follows stochastic construction, based on the geometry between eNodeBs, UEs, and scatterers, as shown in Figure 1.
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Figure 1: eNodeB, UE and scattering clusters in GSCM
Large scale parameters such as delay spread, angle spread and shadow fading are randomly generated following distributions specified for each scenario. Small scale parameters such as path delays, powers, angles of arrival/departure are derived stochastically. Once generated, both large and small scale parameters remain fixed for the duration of an iteration in the simulation.

TDL and GSCM models were compared in terms of applicability to the assessment of indoor positioning performance. In TDL models, the tap delay distribution is the same for all simulated channels between a UE and eNodeBs. Fixed tap delays can lead to multipath errors that are common across a UE’s ranging measurements to its eNodeBs. Since common measurement error can fall-off as part of the trilateration process, this phenomenon can lead to un-realistic assessment of positioning performance.

In contrast, the GSCM framework allows for non-fixed tap delays across channels, with diverse power delay profiles. As a result, it can be more suitable for studying positioning performance, assuming appropriate choices of parameters (e.g. delay spreads). However, it can be more complex to implement and require more simulation resources.

The most recent channel modeling work at 3GPP is in TR 36.873 [11] on a 3D channel model, primarily intended for MIMO/beam-forming. The model is built on the GSCM framework for a reduced set of scenarios, e.g. Urban Macro (UMa) and Urban Micro (UMi). It allows for variation in UE and BS altitudes, and accounts for vertical and indoor aspects in the path-loss computation. The model includes a 3D channel characterization as applicable to 3D antenna arrays.
5.2.2
Proposed Wireless Channel Model

The channel model proposed for the indoor positioning study item is based on the GSCM approach. The GSCM model in TR 36.814 [12] and TR 36.873 [11] is deconstructed to the elements essential to the analysis of indoor wireless positioning systems, consisting of a multipath profile, path-loss and shadowing models, which are then combined into the wireless channel model proposed for this study item. 

The multipath modeling methodology and path-loss and shadowing models are described in sections 6.1.2.1 and 6.1.2.2 respectively.

5.2.2.1
Multipath Profile Methodology

The following methodology, leveraged from TR 36.814 [12] and TR 36.873[11] for multipath profile generation shall be used.

For a given simulation run, set the number of clusters applicable to the link between an eNodeB and the UE according to the parameter in Table 1. 

Generate the delay spread of each cluster. The delay spread for a given cluster follows log-normal distribution with mean and standard deviation given in Table 1. 

Generate the path delays associated with the clusters of each link. Delays are drawn randomly from the delay distribution given as follows:
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Where rt is the delay distribution proportionality factor (also referred to as delay scaling parameter) and given in Table 1, Xn ~ uniform(0,1), and cluster index n = 1,…,N. 

Normalize the delays by subtracting the minimum delay and sort the normalised delays to descending order:
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Path powers are calculated assuming a single slope exponential power delay profile.

Power assignment depends on the delay distribution defined for the desired scenario. With exponential delay distribution the cluster powers are determined by:
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where Zn ~ N(0, z ) is the per cluster shadowing term given in Table 1. 

Average the power so that the sum power of all cluster powers is equal to one, i.e.,
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Remove clusters with less than -25 dB power compared to the maximum cluster power. The scaling factors need not be changed after cluster elimination.

The complete set of parameters, corresponding values and units to enable the stochastic processes above is given in Table 1.
	Parameter
	Value
	Units

	Number of clusters
	12
	-

	Mean delay spread
	-6.62
	log(sec))

	Delay spread standard deviation
	0.32
	log(sec))

	Delay distribution proportionality factor
	2.2
	-

	Per cluster shadowing standard deviation
	4
	dB


Table 1: Multipath model parameters 
Note these are the same as the parameters from the urban macro outdoor to indoor (UMa O-to-I) scenario in TR 36.873 [11].
5.2.2.2
Path-loss and Shadowing Model

The path-loss and shadowing models are based on the models adopted in TR 36.814 [12] and TR 36.873[11]. In particular, it is proposed that the path loss model be according to the 3D-UMa O-to-I in TR 36.873[11], whereby:
It is also proposed that the channel model be used for sub-GHz carrier frequencies (above 450 MHz) and larger distances of up to 5 km.

Specifically, the path-loss and shadowing shall be computed as follows, in units of dB:
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Whereby:
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Whereby d3D-out , d3D-in and d2D-in, d3D , d2D  are distances between UE and the BS as shown in Figure 2, in meters.
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Figure 2: Definitions of various distances between the UT (UE) and BS)
Furthermore, h is the average building height and set to 20 meters, W is the street width and set to 20 meters, hBS is the base station height and set to 25 m, hUT is the UE height such that 1.5m ≦ hUT≦ 22.5m,  fc is the center frequency in Hz.

The fading loss due to shadowing shall be computed using a log-normal distribution, with the standard deviation σSF =7 in units of dB.
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