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1.  

Introduction
At RAN1#80, the scenarios and simulation assumptions for evaluating baseline positioning performance of the 3GPP specified positioning techniques were agreed [1]. For evaluating the performance of Terrestrial Beacon Systems (TBS) these scenarios require some modifications/clarifications. In this contribution, we propose the simulation assumptions for TBS. 
2. 

Definitions and Assumptions
A Terrestrial Beacon System (TBS) consists of a network of terrestrial beacons broadcasting signals for positioning purposes. They may use dedicated, unshared spectrum or spectrum shared with other users, including FDD and TDD licensed spectrum, as well as unlicensed spectrum.  

The TBS positioning signal is not yet specified/defined in RAN1, but several options have been mentioned/proposed:
· GNSS-like signals [2]; e.g., GPS, GLONASS, BDS, Galileo signals. 

· PRS or PRS-like signals [3,4,5].

The different TBS signals may require different transmission bandwidths. For example, TBS based on GPS L1 signal may require at least 2 MHz bandwidth, TBS based on GPS L5 may require at least 20 MHz bandwidth; TBS based on PRS may require 1.4 – 20 MHz bandwidth, etc. 
Since the PRS signals are terrestrial signals, the 3GPP defined channel models are also applicable to TBS. Using the same channel models would also allow the comparison of the various TBS signal options as well as the comparison of TBS with the baseline performance. 
The 3GPP channel models are typically valid in the frequency range of 2 – 6 GHz [6]. Penetration loss models have been used for 2 GHz and 3.5 GHz [7], as well as for 5 GHz [8] carrier frequencies. 

For simplicity, it is proposed to use 3.5 GHz carrier frequency for the TBS transmitters. However, other carrier frequencies are not precluded if needed for a particular TBS signal design proposal. 
The TBS beacons may be deployed in a planned- or unplanned manner; they may be co-located at eNB sites (macro cells or small cells) or deployed at separate sites, outdoors as well as indoors. 
In order to limit the evaluation scenarios, it is proposed to consider a planned outdoor scenario only for performance evaluation. Because the TBS transmitters are dedicated positioning elements, the deployment can be optimized for positioning performance.  For the LTE network, it is proposed to consider Case#1 without small cell deployment [1], since this scenario is expected to give the worst baseline positioning performance. The proposed TBS deployment scenario is shown in Figure 1, where the TBS transmitters are deployed at the cell edge of the LTE macro sites.
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Figure 1: TBS Evaluation Scenario with TBS Transmitters deployed outdoors at cell edge.
3. 

TBS General Evaluation Assumptions
The general TBS evaluation assumptions according to the discussions in section 2 above are summarized in the Annex of this contribution.
Proposal 1:
The general evaluation assumptions summarized in Annex A of this contribution should be used for evaluating TBS performance.
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Annex A:

A.1

TBS General 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

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

	Carrier Frequency
	2.0 GHz
	3.5 GHz
Other carrier frequencies are not precluded.

	Number of Carriers
	1
	1

	Total power (Ptotal per carrier)
	46 dBm
	49 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: 23dB+0.5din (din : independent uniform random value between [ 0, min(25, UE-to-eNB distance) ] for each link)
(i.e., PLtw = 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
	2D 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
	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
	2/3 UEs randomly and uniformly dropped within the clusters, 1/3 UEs randomly and uniformly dropped throughout the macro geographical area.
20% UEs are outdoor and 80% UEs are indoor.
NOTE: The UE dropping is the same as in Case #1 [1], although, no Small Cells are deployed.

	Radius for UE dropping in a cluster
	70 m

	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
· That is, the range of timing errors is [-T2, T2]

· T1:
Default: 50ns (for the additional performance evaluation)

· Each individual company can further pick other values

	Performance Metrics
	CDF of horizontal and vertical accuracy for indoor UEs

	Note 1: For eNB-to-UE distance, 3D distance is applied unless stated otherwise.

Note 2: Propagation delay is explicitly modeled.
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