3GPP TSG RAN WG1

TSGR1#23(01)1220

Jeju, Korea, November 19-23, 2001

1(5)

Agenda item:

Channel Modeling
Source:

Motorola, Qualcomm, Nortel, Ericsson, AWS, T-Mobil
Title:
Evaluation Framework
Document for:
Discussion

1. Summary

Although work on spatial channel models has been initiated, and proposals have been made in RAN1, no agreed upon method has been established as to the suitability of using link level models to evaluate multi-antenna proposals. It is important that this is done first so that valid decisions can be made. This contribution addresses this issue.

2. Issues

2.1 Problems for evaluation of multiple antenna systems

Currently, the following problems with performance evaluation of multi-antenna systems make comparisons difficult.

· There is no consistent method to apply the numerous combinations of  proposed link level simulations to get a valid system capacity result. There is no established method for combining the results of all these simulations so that the preferred proposals can be identified. In particular, it is not clear how link level simulation results could be used to derive the relative capacity improvements of different multi-antenna concepts on a system level. It is important that all  relevant test conditions are  considered in the evaluation process. For example, a proposal that excels in a first channel condition but performs poorly under a second condition may not be a desirable choice if the second condition occurs much more often than the first. A system based approach for comparison easily brings all the individual results into the decision process.

· Since 3G systems are expected to be interference limited, the effects of interference on multi-antenna performance must be modeled. Single cell link level simulations assuming uncorrelated interference at the receiver antennas ignore the interference suppression performance of multi-antenna systems. Hence spatial propagation models for interfering signals are required. Also, multi-antenna performance will be a function of the location within the cell.  This requires a channel model that is location dependent in the system simulation.

· The proposed correlation-based spatial channel models [1], are not suitable to evaluate multi-antenna systems [R1-011263]. As described in this document, other models are needed for performance evaluation. Naturally these models must be based on field measured data. These models can be implemented using correlation-based or ray-based model variants. However, it may be easier and intuitively more desirable to implement them with  ray-based model variants.  

2.2 Open Issues

There are a number of open issues for propagation modeling in the system simulations such as the following that need to be considered:

· Narrow angle of arrival at the UE have been observed in measured data, e.g., [3], which needs to be included in the channel models.

· Imperfect cross polarization discrimination produces significant gain imbalances between antenna elements. This can dramatically affect performance.

· Antenna patterns of individual UE elements are significantly different from each other, that is, they are not identical omni-directional patterns. It is not possible for them to be omni-directional patterns due to the interaction with the user. This effect on  multi-antenna system performance would easily be captured by a ray-based model.

· Additional open issues are described more completely in [R1-011263].

3. Suggested Framework

The proposed framework for evaluating the performance of various multi-antenna systems is shown in Figure 1.  A similar methodology is also formed in 3GPP2, c.f.  C50-SCM-20011112-002_SCM_AHG_Status3.ppt. This framework provides a consistent method to include all the relevant properties. After initial discussions on channel models it is evident that a prerequisite to defining meaningful channel models is a clear understanding of a system level evaluation proceedure.  
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Figure 1. Proposed Framework for System Level Evaluation 

Note that a ray-based (RAY) or a correlation-based (COR) model may be used for evaluations depending on the properties of the algorithms to be evaluated. In other words, if the correlation values from the RAY model are used in the COR method, the two approaches result in the same outcomes if the algorithms to be evaluated do only rely on second order statistical characteristics of the channel. However, please note that with a narrow angle spread at the UE, the antenna correlations are a function of the mean angle-of-arrival (AOA). This phenomenon is automatically captured in a RAY model. However, it requires that the correlation values used in the COR method to be adaptively varied as a function of the mean AOA. In addition, with the RAY model, the Doppler spectrum is properly modeled having a non-classical shape, whereas this is difficult to do with the COR model.
4. Overview of System Level Simulations Method

Simulate a cellular system with 19 base stations located on a hexagonal grid. 

The large-scale signal variations should be based on typical assumptions for path loss and lognormal fading, e.g., see [2]. 

For each mobile position select the mean angle of arrival (AOA) and mean angle of departure (AOD) per ray for the desired sector and all interfering base stations as illustrated in Figure 2.
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Figure 2. System level interference model.

The basic principle of ITU channel models may be used with slight modifications as described below:

Similar to the well-known Jake’s fading model, each ray is composed of N sub-rays. In addition each of these quantities could be specified:

· A ray specific mean AOA/AOD according to the assumed power azimuth spectrum (PAS), 

· Sub-ray specific directions according to the assumed angle spread (AS)

· A per-ray polarization cross-coupling (h/v) including the antenna polarization characteristic

· Sub-ray specific gain factors according to the antenna patterns at the Node-B and UE

· Sub-ray specific doppler shifts according to the mobile speed and direction of movement 

The exact details of such a ray-based model would need to be discussed. A good starting point could be the COST259 model that could be further simplified.

Once the multipath channels (to all cells) and their corresponding fading profiles are determined as described above, the next step is to evaluate various multi-antenna schemes, e.g., refer to [2] for a possible evaluation procedure. A conceptual block diagram is shown in Figure 4. Below is a rough outline of a proposed procedure. Note that the procedure outlined below probably needs to be refined and should just serve to start the discussion on details of a system level simulation:

1. Drop N HSDPA users per cell site within the geographic area of the system. . 

2. Determine power that can be used to serve HSDPA users

3. Compute the channel impulse responses for the serving cells as well as all interfering cells 

4. Determine the SINRs at the output of the receiver front-end, i.e. at the decoder input, for each of the desired users. 

5. Select the user to be served based on the scheduling algorithm, e.g., round robin, max C/I, propotional fair.

6. For the served user compute the throughput by mapping the SINRs at the output of the receiver front-end to packet errors
. In case of a packet error, re-sent the packet using ARQ.

7. Time evolve the fading profiles for each of the desired users and re-do the throughput computation.

8. Go to step 1 and drop N new users per cell site.

9. Output capacity statistics.
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Figure 4. Multi-Antenna Evaluation Procedure.

5. Conclusion

System level simulations are required for evaluation and comparison of multi-antenna algorithms. 

A framework incorporating realistic channel models should be constructed for these system simulation comparisons. 

The procedure of doing these system level simulations should be defined in a TR in a similar way as in TR 25.942.
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� Packet Error Rate (PER) versus SNR are pre-computed for every modulator/coding selection. These plots are simulated for an AWGN channel. Note that this is an approximation to the performance of the turbo decoders because (1) interference at the space-time receiver front end output is modeled as AWGN, and (2) fading profile is modeled by its average value over a TTI.
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