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1. Introduction

As part of the approved way forward in [1] it is necessary to establish baseline MIMO OTA performance in known conditions and also to validate the implementation of the desired conditions by different test methods. This paper discusses how simulation can be used to facilitate these tasks. 

2. Establishment of expected performance in known conditions
In [1] the steps to agree the conditions in which expected performance is to be determined are explained. These include the eNB settings and, crucially, the channel model and antenna configurations.

It is proposed to use system simulation to establish the expected performance based on the agreed parameters. This simulation will be very similar to traditional RAN4 simulations with the main difference being that the radiated aspects will be included. This relates to the way in which the chosen eNB antenna configuration interacts with the chosen channel model and then with the chosen UE reference antenna configuration.
The simulator would provide a reference transceiver against which the expected performance can be studied. Initially, this will not initially be an exact model of the reference devices to be used in the next phase of the work item but will however provide a known starting point from where the impact of critical parameters can be evaluated.
The primary purpose of this simulation is to identify those aspects of the operating conditions which result in the ability of the test to identify good and bad performance. The channel models which have already been identified in TR 37.976 are the starting point. Using this approach it should be possible to determine the sensitivity of the performance to changes in conditions including the reference antenna parameters, the attributes of the channel models and the base station antenna characteristics. It will also be possible to determine expected performance using different eNB emulator settings such as the downlink power and the presence and characteristics of any noise or interference.

Out of this simulation exercise it would be possible to identify the combination of conditions which are capable of distinguishing good MIMO OTA performance from bad. These conditions would then represent the ideal environment for further work.
Obviously the simulation environment model will not exactly match the reference devices and so it would be important to next make real measurements using the identified conditions on the reference devices to identify how close the simulation environment was to the actual devices. Depending on the extent of any discrepancy it may be necessary to make modifications to the simulator model in order to align the simulation results with those achieved on a real device.
This paper discusses how simulation can be used to facilitate these tasks. 

3. Validation of channel model implementation by different test methods

Having established the expected performance through simulation and ideally measured this using conducted tests on the reference devices, the next step is to implement the ideal test environment using the candidate test methods. There are two main factors that will influence the results achieved by measuring the reference devices in a real test method and what was achieved in the conducted domain using the ideal environment. The first factor is that the candidate test methods vary in their ability to directly implement all the characteristics of the ideal environment. For ease of reference, this alternative environment will be called the modified reference environment. The second factor is the fidelity with which any method can implement the modified reference environment appropriate for that method.
We can certainly learn something about the different test methods by directly comparing the results from the ideal conducted environment to those achieved with each method in the radiated environment. In an ideal world they would be the same and we could move forwards however it is rather more likely that the results will differ by varying degrees and by choice of conditions. For instance if a purely isotropic reference antenna were used it might be expected that the results would largely align but with a more complex antenna, the interaction between the method and performance is more complex.

The direct comparison of conducted and radiated results will combine the implementation aspects of the method – such as calibration – with the intrinsic aspects caused by the modified reference environment. In order to better understand the contribution of both elements to the final result it is possible to split the analysis into two parts. The impact of the modified reference environment is a factor that can be calculated and built into any expectations for what a practical implementation of any method should produce. For instance in the case of a reverberation chamber, we know that there is an additional temporal element imposed on the signal due to the natural decay of the chamber. This is a factor that can be used to modify the ideal reference environment and simulate a new expected result.

There are two reasons why simulating with a modified reference environment has value. The first is that this will provide us with a solid technical basis upon which to evaluate the impact of the intrinsic characteristics of any proposed test method. If the impact is low or negligible, it can safely be assumed that this artefact of the test method does not contribute to the end result. If on the other hand the simulated results do show significant difference in expected performance then this needs to be taken into account when evaluating the efficacy of the method and also for evaluating the fidelity of the implementation.
The second reason to simulate using the modified reference environment is so that as accurate a picture as possible of the fidelity of implementation can be obtained. If we know from simulation to expect a different absolute level of performance with a different slope then when we measure the radiated results we should not imply the difference are due to the implementation, but rather are due to the intrinsic differences in the environment imposed by the test method. It should however be made clear that the efficacy of any method should not be based on the comparisons between the modified reference environment conducted and radiated performance. The only value of this comparison is to help understand the fidelity of the implementation, which is largely a matter of calibration. The theoretical efficacy of any given method should be based on the comparison between the conducted results from the ideal reference environment and the modified reference environment. If this is seen to be acceptable only then can validation of the implementation be made by comparing the radiated results with the ideal conducted results.

Whether this last step is an absolute or relative comparison will depend on further discussions that are out with the scope of this paper.

4. Simulation tools
Traditionally, the simulation work in RAN4 has been conducted by multiple companies who have spent significant time aligning different implementations of link level system simulators. The work on MIMO OTA has involved a number of companies who do not normally participate in such simulation work. For that reason it is difficult for some companies to access a suitable simulation environment to progress the work.
Agilent Technologies has a System level simulation environment called SystemVue, which provides the necessary system level simulation capability covering the baseband, RF, antennas and channel models. In order to progress the study item, Agilent has decided to offer free access to this tool to any individual in any company supporting the development of MIMO OTA standards. Agilent would provide an initial reference environment and then it would be up to others to propose the alterations necessary to investigate alternative scenarios such as different channel models, different antenna configurations, different transceiver characteristics etc. The tool is fully compatible with MatLab and can be integrated into most proprietary simulations environments.

A brief summary of the SystemVue capabilities now follows.

A brief overview of the SystemVue simulation function blocks is provided in Fig.1
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Fig.1 Overview of SystemVue system blocks

1) SystemVue provides sophisticated LTE simulation libraries, noise and interference libraries and reference receiver algorithms for LTE which makes it very easy to use SystemVue to do LTE performance simulation. The transmitter and receiver parameters can easily be modified to enable different simulation to be performed. Besides LTE library, SystemVue also provides support for all major wireless formats, in particular UMTS, which is within the scope of the work item. Fig.2 SystemVue support for standards

2) MIMO channel model builder. Multiple MIMO channel models are provided in SystemVue for simulation. The models include the geometry-based channel models like WINNER, WINNER II, LTE-A and IMT-A channel models as well as correlation-based models. Both geometric and correlation models support the loading of custom antenna patterns to do the simulation as shown in Fig.2.
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Fig.2 MIMO channel model builder with antenna support.

The LTE-A channel models and the correlation-based models also support custom configuration and are very flexible to support different channel model parameters not available in the standardized channel models. For the details, please refer to [2].

3) Excellent support for simulation automation by providing reference design, supporting script and direct support of MatLab script integration.
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Fig.4 Direct integration of MatLab
SystemVue provides default reference simulation designs for LTE. These can easily be adapted to match any alternative such as a different device.

With the support of script and the MatLab script integration, different parameters can be automatically varied which is very important for MIMO OTA simulation, where several parameters needs to be swept. For example, the power level, the antenna orientation, different antenna elevation etc.

It is hoped that making SystemVue available to the MIMO OTA standards community the progress towards completing the work will be accelerated.
5. Definition of the reference environment for MIMO OTA simulation
To ease the use of the MIMO OTA simulation library, Agilent is developing a set of reference design libraries so that the MIMO OTA group can get started quickly and easily change parameters such as the antenna pattern they want to use to do the simulation. This helps make sure all the team members have the consistent simulation environment. The simulation settings include the following parts and need to be agreed in the group.

1) Base station configuration parameters. According to the discussion of MIMO OTA on the reference channel, the base station configuration parameters are provided below for comments.

	Parameter
	Unit
	Value

	Reference channel
	
	[R.11 FDD]

	Channel bandwidth
	MHz
	10

	Allocated resource blocks
	
	50

	Allocated subframes per Radio Frame
	
	10

	Modulation
	
	16QAM

	Target Coding Rate
	
	1/2

	Information Bit Payload
	
	

	  For Sub-Frames 1,2,3,4,6,7,8,9
	Bits
	12960

	  For Sub-Frame 5
	Bits
	n/a

	  For Sub-Frame 0
	Bits
	12960

	Number of Code Blocks per Sub-Frame
(see Note 3)
	
	3

	Binary Channel Bits Per Sub-Frame
	
	

	  For Sub-Frames 1,2,3,4,6,7,8,9
	Bits
	26400

	  For Sub-Frame 5
	Bits
	n/a

	  For Sub-Frame 0
	Bits
	24768

	Max. Throughput averaged over 1 frame
	Mbps
	11.664

	UE Category
	
	2-5

	Note 1:      2 symbols allocated to PDCCH for 20 MHz, 15 MHz and 10 MHz channel BW; 3 symbols allocated to PDCCH for 5 MHz and 3 MHz; 4 symbols allocated to PDCCH for 1.4 MHz

Note 2:      Reference signal, synchronization signals and  PBCH allocated as per TS 36.211 [4]

Note 3:   If more than one Code Block is present, an additional CRC sequence of L = 24 Bits is attached to each Code Block (otherwise L = 0 Bit)


2) Base station antenna configuration this needs the groups’ agreement. We recommend to use the vertical polarized 4 lambda antenna configuration to avoid high correlation at the base station side for UMa channel model, it is recommended to change the AS of AoD from 2 degrees to 5 degrees.
3) Channel model configuration. We can support multiple channel model configurations. However, the more the channel models, the more simulation we need to do. We need the group’s input on the minimum set of channel models we want to simulate.

Once we agree on the settings, the interested parties can get the reference design to do the MIMO OTA simulation from Agilent.
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