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1. Introduction
In RAN #65, SID of “Study on Indoor Positioning Enhancements for UTRA and LTE” was approved for Release 13 study [1]. Part of the goals on this SI is shown as follows: 

	The objectives of this study item are to study techniques for indoor positioning (RAT-dependent, such as e.g. OTDOA, UTDOA, E-CID, RFPM, etc and RAT-independent systems, e.g. A-GNSS, Terrestrial Beacon Systems, etc).  The goals are to study potential 3GPP positioning enhancements in indoor and other challenging environments (e.g. urban canyons)


In our companion contribution [2], positioning aided by indoor PRS beacon is discussed as a potential enhancement technology for indoor positioning. In this contribution, we provide the simulation assumptions for the positioning with indoor PRS beacon.
2. Simulation assumptions for positioning with indoor PRS beacon
In this section, we summarize evaluation methodology for positioning with indoor PRS beacon. In Table 1, some necessary parameters are described for evaluation purpose of positioning aided by indoor PRS beacon with low power. Since indoor PRS beacon will be designed by focusing on the cost effectiveness, it might transmit signals with low power. In this context, we consider the total power of indoor PRS beacon as 20 dBm. Considering low transmit power and minimum functionality (e.g., only transmitting PRS) of indoor PRS beacon as also discussed in [2], dense deployment of indoor PRS beacon would be more feasible and efficient than that of small cells. Thus, it is assumed that the indoor PRS beacons are deployed randomly within a building (as modelled in dual strip urban model) without any small cell and the density of PRS beacons per floor per building is set to at least 1. For evaluation purpose, we consider 1, 2, and 4 PRS beacons per floor but other values are not precluded. Note that other parameters can be reused from case 2 agreed as table 5.1.1-2 in TR37.857 [3].
	
	Assumptions for positioning with indoor PRS beacon

	Layout
	Macro: hexagonal grid, 3 sectors per site, 7 or 19 macro sites, ISD=500m

Cluster (building) for indoor PRS beacon: dual strip urban model in TR36.814

	Carrier frequency
	3.5 GHz as baseline, but other values are not precluded

	Total power (Ptotal per carrier)
	20 dBm as baseline, but other values are not precluded

	Penetration 
	Modelling as per TR36.814

	Density/number of PRS beacons per floor per building
	1, 2, 4 PRS beacons randomly located per floor


Table 1. Simulation assumptions for positioning with indoor PRS beacon
Proposal 1: The text proposal on the simulation assumptions in Appendix need to be included in the TR 37.857 and to be used for evaluating indoor PRS beacon performance. 
3. Conclusion
In this contribution, we discussed evaluation assumptions on positioning with indoor PRS beacon with low power. The proposals based on the discussion are given as follow:
Proposal 1: The text proposal on the simulation assumptions in Appendix need to be included in the TR 37.857 and to be used for evaluating indoor PRS beacon performance. 
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Appendix: Text proposal on evaluation methodology for indoor PRS beacon
<Unchanged sections omitted>

<Start of changed section>

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

	Layout
	Hexagonal grid, 3 sectors per site, 7 or 19 Macro sites,  ISD = 500m
	Hexagonal grid, TBS transmitter deployed at cell edge,  ISD = 500m – Note 1
	Dual strip urban model in TR36.814

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

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

	Number of Carriers
	1

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

	Distance-Dependent Path Loss
	3D-UMa

(Table 7.2-1 in TR 36.873 [4])

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 [4])

Indoor UEs:
3D-UMa O-to-I (PLb=PL3D-UMa)
Outdoor UEs: 3D-UMa LOS or 3D-UMa NLOS, depending on LOS probability.
	Indoor UEs in the same building: ITU InH [referring to Table B.1.2.1-1 in TR36.814]
Outdoor UEs and indoor UEs in another building, ITU UMi [referring to Table B.1.2.1-1 in TR36.814]

	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 [4]))
	For outdoor UEs: 0dB
For indoor UEs: 20/23 dB+0.5din (din : independent uniform random value between [ 0, min(25, UE-to-eNB distance) ] for each link)
(i.e., PLtw = 20/23 dB; PLin = 0.5din (Table 7.2-1 in TR 36.873 [4]))

(PLtw selected according to carrier frequency used).
	Penetration loss modeling as per TR 36.814

	Shadowing
	3D-UMa (Table 7.3-6 in TR36.873[4]
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 [4])

Indoor UEs:
3D-UMa O-to-I 
Outdoor UEs: 
3D-UMa LOS or 3D-UMa NLOS, depending on LOS probability.
	ITU InH [referring to Table A.2.1.1.5-1 in TR36.814]

	Antenna Pattern
	3D according to TR36.819 [5]
	2/3D Omni-directional
	2D Omni-directional 

	Antenna Height
	25m + α
α ~ uniform(-5,25) m
	25m + α
α ~ uniform(-5,25) m
	3(nfl – 1) + 2.5m,  where nfl({1,2,3,4}


	UE Height
	hUT = 3(nfl – 1) + 1.5 m
where, nfl ~ uniform(1,Nfl) and Nfl = 4 (for indoor TBS), 8 (for outdoor TBS)

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

	Antenna Gain of UE
	0 dBi

	Fast fading channel between eNB and UE
	3D-UMa from TR 36.873 [4]
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 [4]
Indoor UEs:
3D-UMa O-to-I 
Outdoor UEs: 
3D-UMa LOS or 3D-UMa NLOS, depending on LOS probability.
	For indoor UEs: ITU InH
For outdoor UEs: ITU InH NLOS

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

	Number of floors per building
	4 (for indoor TBS), 8 (for outdoor TBS)

	UE Dropping
	Same as case 1 (for outdoor TBS), case 2 (for indoor TBS)

	UE noise figure
	9 dB

	UE Speed
	3 km/h

	Network Synchronization
	Perfectly synchronized for baseline. 

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

	Note 1: For hybrid LTE cells and TBS simulations, the cell density combined from LTE cells and TBS beacons should be the same as that of the existing Case 1 (Macro only).  For standalone TBS, also use same cell density (case1)

Note 2: For the carrier frequency, this value is an approximation based on the US frequency band allocations.   

Note 3: For baseline performance, 2 GHz should be used.

Note 4: For eNB-to-UE distance, 3D distance is applied unless stated otherwise.

Note 5: Propagation delay is explicitly modeled.




<End of changed section>
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