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1. Introduction

In this contribution the performance of LTE Release-8 in an indoor hotspot environment is summarized.
2. Indoor Hotspot Scenario

The indoor hotspot scenario consists of one floor of a building. The height of the floor is 6 m. The floor contains 16 rooms of 15 m × 15 m and a long hall of 120 m × 20 m. Two sites are placed in the middle of the hall at 30 m and 90 m with respect to the left side of the building as shown in Figure 1. The channel model for indoor hotspot scenario is called indoor hotspot (InH).  However, in this contribution we used the SCM-C channel model instead of InH.
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Figure 1.  Indoor hotspot environment
The baseline configuration parameters are shown in the following Table-1 and 2 respectively.

Table 1.  Baseline Configuration parameters for Indoor hotspot

	Deployment scenario for the evaluation process
	Indoor hotspot

	Base station (BS) antenna height
	6 m, mounted on ceiling

	Number of BS antenna elements(1)
	Up to 8 rx

Up to 8 tx

	Total BS transmit power
	24 dBm for 40 MHz,
21 dBm for 20 MHz

	User terminal (UT) power class
	21 dBm

	UT antenna system(1)
	Up to 2 tx

Up to 2 rx

	Minimum distance between UT and serving cell(2)
	>= 3 m

	Carrier frequency (CF) for evaluation (representative of IMT bands)
	3.4 GHz

	Outdoor to indoor building penetration loss
	N.A.

	Outdoor to in-car penetration loss
	N.A.


Table 2.  Additional Parameters

	Deployment scenario for the evaluation process
	Indoor hotspot

	Layout(1)
	Indoor floor

	Inter-site distance
	60 m

	Channel model
	SCM-C used instead of Indoor hotspot model (InH)

	User distribution
	Randomly and uniformly distributed over area

	User mobility model
	Fixed and identical speed |v| of all UTs, randomly and uniformly distributed direction

	UT speeds of interest
	3 km/h

	Inter-site interference modeling(2)
	Explicitly modelled


The path loss model for indoor (InH) is summarized below . Note that the distribution of the shadow fading is log-normal, and its standard deviation for each scenario is given in Table-3.
Table 3.  Path loss model for Indoor (InH)

	Scenario
	Path loss (dB)

Note: fc is given in GHz and distance in m!
	Shadow fading std (dB)
	Applicability range, antenna height default values

	Indoor Hotspot (InH) 
	LoS
	PL = 16.9 log10(d) + 32.8 + 20 log10(fc)
	( = 3
	3 m < d < 100 m

hBS = 3-6 m

hUT = 1-2.5 m

	
	NLoS
	PL = 43.3 log10(d) + 11.5 + 20 log10(fc)
	( = 4
	10 m < d < 150 m

hBS = 3-6 m

hUT = 1-2.5 m


The LoS probabilities are given in Table 4. Note that probabilities are used only for system level simulations.

Table 4. LoS Probabilities

	Scenario
	LoS probability as a function of distance, d (m)

	InH
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3. Downlink Simulation Results

System simulation results were run for both DL and UL using the Indoor model.  Figure 2 and Figure 3 shows the spatial plots for SIMO and 2x2 SU-MIMO respectively. 

[image: image3.emf]
Figure 2.  Spatial plot for SIMO
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Figure 3.  Spatial plot for 2x2 SU-MIMO
The average cell throughput for a 10 MHz system is shown in the following table which shows that the IMT-A requirements of 3bps/Hz/cell for DL could easily be met with LTE Release-8 even with SIMO.
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The corresponding user throughput distribution is shown in Figure 4.
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Figure 4.  DL UE throughput distribution
4. Uplink Simulation Results

The UL spatial distribution plot for SIMO is shown in Figure 5.
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Figure 5. Spatial plots for 1x2 SIMO

The sector and edge throughput for 1x2 and 1x4 UL are shown in the table below.  It may be observed that with 4 receive antennas and no MU-MIMO, the IMT-A target of 2.25 bits/Hz/cell cannot be met by a marginal amount.  As such, one needs to investigate the performance of the 1x4 system with MU-MIMO.
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Average Cell tput 17.040 20.610 Mbps

Average UE tput 1.700 2.100 Mbps

5% Edge UE tput 0.6 0.8 Mbps

Avg IoT 6.80 6.00 dB


5. Conclusion
The IMT-A target for indoor hotspot scenario using SCM-C could be easily met with 1x2 SIMO for DL but for UL one needs at least 4 receive antennas with MU-MIMO at eNodeB.  The MU-MIMO results with 4-antennas using InH channel model will be provided at a later date.
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