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1
Introduction

At RAN1 #42 we presented system level simulation results [1] for S-PARC in urban macro and micro cell environments. The investigation showed that the expected gain over only Rx-diversity was in the order of 30-100%. The actual gain was dependent on the scenario and also the antenna configuration used. It can be expected that the MIMO gain is larger in situations where the SINR is higher and the channel is (near) flat. One such situation is an indoor deployment. Here, results from a simulation campaign of indoor systems is presented.

2 Indoor scenario

We are interested in modeling the indoor propagation, including the shadowing effects of walls and floors, as well as having line-of-sight (LOS) propagation where appropriate. Empirical results have shown that fading is predominantly flat with rich angular spreading that results in nearly uncorrelated channels. With this in mind, we use a simple fading model and try to model the shadowing effects through a detailed building and user layout.
Building layout

The indoor system consists of the building specification and the placement of the base stations, i.e. the location of the radios assigned to each base station.

Building Specification

The building layout is specified by the locations of its floors, exterior and interior walls. For simplicity, each of these is specified as either a horizontal or vertical plane with a maximum and minimum value in each dimension. The restriction to horizontal and vertical boundaries has been arbitrarily chosen in order to speed up the computation of detecting intersections with propagation paths. An example layout for one floor of a four-story building is shown in Figure 1. Each floor is assumed to be the same in this example and the floor height is 4 meters.

Base Station Radio Placement

The placement of the radioheads for each base station is also shown in Figure 1. Each floor has two NodeBs, with the radioheads located in the marked position slightly below the ceiling. Odd numbered floors marked by 'x' symbols and even-numbered floors are marked with '+' symbols. No attempt has been made to place base stations in the most favorable position, other than to avoid placing them in the same location on adjacent floors.
User Placement and Mobility

The user mobiles are initially placed on different floors and are either static or have mobility. Mobility is restricted to a single floor once the mobiles are positioned on a floor as described below.

User Placement

For a certain user loading, the number of users for each cell is placed randomly in the building, both across floors and across the floorplan. For the example building the loading is 10 users per cell, and one realization of user placement is shown in Figure 1. In this figure, users on floors one through four are represented by circles, stars, triangles and squares, respectively. Here, it is easy to visualize that some users have LOS paths while walls and floors or both shadow others. In addition to each user's location, the user is placed into one of two states: static or in-motion. The probability that a user is initially in-motion equals 0.4.

User Mobility

For users in motion, each user is given an initial random direction and velocity. Initial values are drawn from uniformly random distributions, with direction from [0,2(] radians, and velocity from [0,3] km/h. The mobile positions are updated every frame (0.01 s). During this update, each user can make a state change between the in-motion and the static states. Transition probabilities are shown in Figure 2 and are arbitrarily set so that a users has a 45% chance of

changing in 30 seconds from the in-motion to stationary state, and a 3% chance of changing in 30 seconds from the stationary to the in-motion state.

For users that are moving, we do not place any restrictions on the user with respect to direction (for example, users are not placed on a motion grid). This leads to the unrealistic case where a user may pass through an interior wall, but hopefully the statistics remain valid. Users are, however, restricted so they do remain within the building (via reflection off the exterior walls).

Pathgain Computation

Next, we describe the method used to determine the pathgains from base station antennas to each mobile user. The pathgain consists of the distance gain from the transmitter to receiver, the shadow fading, and the antenna gain. Additionally, since there may be discontinuities when users are moving, the pathgain is smoothed to avoid these discontinuities.
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Figure 1: Typical layout of one floor out of four. Terminals on different floors are indicated with *, (, (, and (. The placement of the NodeB:s are indicated with + (even floors) and x (odd floors).
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Figure 2: State transition for mobile motion.

Channel model

The Keenan-Motley model is used to calculate the distance dependent pathgain, 
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 where d is the distance in meters, 
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is the free-space gain, k is the number of walls and w is the number of floors. The wall and floor attenuations are chosen as: K=20dB/wall and W=4dB/floor.

Shadow Fading

Shadow fading is also used to model additional objects within the building aside from wall and floor obstructions. This is implemented as a log-normal distribution according to 
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 where the mean ( equals zero and the standard deviation ( equals 3 dB. In this scenario, the correlation distance is set to one meter.

Antenna Gain

Currently, the antennas are assumed to be omni-directional with gain Ga = 0 dB. 

Pathgain Smoothing

In the mobility model described above, user motion will cause discontinuous jumps in pathgain when moving behind or in front of walls. In all likelihood, we expect that these discontinuities will be smoothed due to local scattering near the wall boundary. In order to avoid these discontinuities in the simulator, the pathgain during the kth update, G(k), will be smoothed using a first-order filter 
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where the smoothing constant ( = 0.7. The value of ( has been arbitrarily set to ensure a smooth, yet fast, transition from one pathgain level to another.

The pathgain from a typical simulation after the initial user placement is shown in Figure 3. For this figure, there are 8 cells, two per floor and 10 users/cell. Shown are the instantaneous pathgains for all base to mobile links using the Keenan-Motley model. The number of wall and floor intersections is computed for each base to mobile link in this model.
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Figure 3: Results for the Keenan-Motley path-loss model used in the simulator.

Performance Results

Figure 4 through Figure 9 show system performance results for various user loads in the above indoor scenario and with different antenna configurations. In the simulations, the base station power is limited to that of a mobile, namely 125 mW. Plots are included for the 10th and 90th percentiles of user vs. system throughput.
For the user throughput results, all configurations show a significant advantage for the MIMO schemes over receive diversity. For the balanced (2x2 and 4x4) schemes, the two MIMO configurations, PARC and S-PARC, show similar performance. For the 4x2 unbalanced antenna architecture, the performance of S-PARC is significantly better than PARC. 

The results presented above follow the same trends as the results presented in [1]. We do note that significantly higher rates are achieved in this indoor scenario, both due to the flat fading nature of the fading as well as the specific building layout. Both of these help contribute the the higher output SINR values achieved in the simulations as is shown in the plots. Gains for the 2x2, 4x2 and 4x4 configurations are 90%, 133% and 200%, respectively, for S-PARC compared to receive diversity for a user throughput of 2 Mbps. 

Simulations were also carried out with the base station power limited to 50 mW, but no significant difference in performance was observable from the plotted results.
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Figure 4: User throughput vs. system throughput for 2x2, 10th percentile.
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Figure 5: User throughput vs. system throughput for 2x2, 90th percentile.
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Figure 6: User throughput vs. system throughput for 4x2, 10th percentile.
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Figure 7: User throughput vs. system throughput for 4x2, 90th percentile.
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Figure 8: User throughput vs. system throughput for 4x4, 10th percentile.
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Figure 9: User throughput vs. system throughput for 4x4, 90th percentile.

3
Conclusions

We have presented MIMO system level simulations of an indoor scenario for 2x2, 4x2, and 4x4 antenna configurations. The results shows a significant MIMO gain over receive diversity for all configurations.  The gains are consistent for all users in the cell, both 10th and 90th percentile results indicate an improvement in system throughput of 90%, 133% and 200% for 2x2, 4x2 and 4x4 antenna configurations, respectively. This shows that indoor environments have the potential to offer the higher SINR regions where MIMO systems can operate advantageously.
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