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1. Introduction

This document summarizes the MIMO discussions on the afternoon of January 9, 2002 and on January 10, 2002. The participants included representatives from Lucent, Nokia, AT&T, Qualcomm, Ericsson, TI, Motorola, and Nortel. The topic of the discussion was the MIMO link level channel model.

2. summary of Day 1

2.1 Scope

The scope of the MIMO link level simulations is given by the following text:

Link level simulations alone will not be used for algorithm comparison because they reflect only one snapshot of the channel behavior. Furthermore, they do not account for system attributes such as scheduling and HARQ. For these reasons, link level simulations do not allow any conclusions about the typical behaviour of the system. Only system level simulations can achieve that. Therefore we require system level simulations for the final algorithm comparison. 

Link level simulations will not be used to compare performance of different algorithms. Rather, they will be used only for calibration which is the comparison of performance results from different implementations of a given algorithm.
2.2 Power azimuth spectrum (PAS) at UE

Nokia supports 360 degree uniform PAS at the UE because of simplicity. Motorola, Nortel, Qualcomm, TI, AT&T, and Lucent support limited PAS at the UE because of evidence from channel measurements. 

Despite overwhelming support for limited PAS, the following tentative compromise proposal was suggested by AT&T. 

· Case 1 would use a classical doppler spectrum. 

· Case 2 would have a direct Ricean component (K factor 6dB, and assigned to a discrete direction, 22.5 degrees angle of arrival) for the first path, and the remaining power would have 360 degree uniform PAS. 

· Cases 3 would have 2 optional subcases: 1) an RMS angle spread of 35 degrees with a Lapacian distribution, and 2) a uniform 360 distribution.

· Cases 4 would have 2 optional subcases: 1) an RMS angle spread of 35 degrees with a Lapacian distribution, and 2) a uniform 360 distribution.

Motorola, Nortel and Qualcomm expressed reservations in respect of including the option for uniform PAS in cases 3 and 4, and therefore the modeling assumptions should be discussed further.

2.3 Model implementation

The model implementation can be determined by the proponent. Examples of implementations include correlation or ray-based techniques. 

2.4 Angle of arrival (AOA) at UE

The AOA is to be measured with respect to the perpendicular direction of the linear array as shown in Figure 1. 

· Case 2, 22.5 degrees for the Ricean component.

· Case 3, 67.5 dgrees for all paths.

· Case 4, 22.5 degrees for odd paths, -67.5 degrees for even paths.
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Figure 1. Angle of arrival orientation at UE

2.5 Doppler spectrum

Because the doppler spectrum is always a function of the power azimuth spectrum, the row “Doppler spectrum” will be removed from the table. 

2.6 Correlated interference

Optional correlated interference employs the same PAS as the desired signal and an AoA of 45 degrees. It will be 3dB above the uncorrelated interference power. 

2.7 PAS at Node B

No agreement was made, but two candidate proposals were made. 

1. PAS 2, 5 and 5 degrees for cases 2, 3,and 4 respectively.

2. PAS defined per tap. For example, case 3, AOAs of w,x,y,z degrees for taps 1,2,3,4, respectively, with PAS 2 degrees for each tap, so that the total PAS of the entire cluster is 10 degrees. The AOAs are to be determined so that the mean AOA is 67.5 degrees. 

2.8 Table of channel parameters

This table reflects all changes made to the link level model.

	
	
	Case A
	Case B
	Case C
	Case D

	PDP
	N/A
	ITU Pedestrian A
	ITU Vehicular A
	ITU Pedestrian B

	Speed (km/h) 
	3, 40, 120
	3, 40, 120
	3, 40, 120
	3, 40 , 120

	UE
	Topology
	N/A
	.5λ-spacing
	.5λ-spacing
	.5λ-spacing

	
	PAS
	N/A
	Ricean component (K=6dB) for first path, remaining power has 360 degree uniform PAS
	1) RMS angle spread of 35 degrees with a Lapacian distribution
 2) a uniform 360 distribution.
	1) RMS angle spread of 35 degrees with a Lapacian distribution
 2) a uniform 360 distribution.

	
	Direction of travel
	N/A
	0
	22.5
	-22.5

	
	AoA(deg)
	N/A
	22.5 (Ricean component)
	67.5 (all paths)
	22.5 (odd numbered paths)
-67.5 (even numbered paths)

	Node B
	Topology
	N/A
	Uniform linear array:   
1) 0.5 wavelength element spacing
2) 4.0 wavelength element spacing

	
	PAS
	N/A
	Laplacian, AS = ?
	Laplacian, AS = ?
	Laplacian, AS = ?

	
	AoD(deg) 
	N/A
	?
	?
	?


3. summary of day 2

3.1 Comments from TI

TI could not participate in all of the discussions on day 2. They made the following comments in the morning.

1. UL FB bit error rate should be included and should be 4 and 10%.

2. How will noisy plots of FER versus channel metric be handled? We decided that we can use statistical models for the FER versus metric plots.

3. Should calibration be used for system simulations? We decided that the calibration method would be developed as companies start presenting results.

4. System simulations should be performed for a given doppler speed for all mobiles so that the dependence on doppler is more apparent. 

3.2 Overview of system simulations

The simulation world is a cellular system with 19 base stations, each with 3 120 degree sectors or 6 60 degree sectors, located on a hexagonal grid. An outline of the simulation procedure is as follows:

For  d = 1 to D drops

· Drop K HSDPA users per sector within the geographic area of the system. The Node B assignment to each user will be determined by the proponent and will be based on the system architecture. 

For n = 1 to N frames

· Update the traffic data arrivals at the Node B for each user according to the traffic model.

· Compute the channel impulse response for the serving cells as well as all interfering cells. The channel realizations are updated once per slot (3 slots per TTI) and are evolved in time from the previous frame. (The update rate may be adjusted according to the doppler speed.)

· Determine the channel metric corresponding over one TTI at each user as a function of the channel impulse response. 

· The channel metric is fed back to the Node B on the uplink, and appropriate delays and errors to the feedback are applied. These delays and error rates will be determined later and will reflect a range of channel conditions. 

· The Node B selects the user to be served and its data rate based on a scheduling algorithm, the power available for HSDPA users, and the state of the user traffic queues.

· For the served user and its service data rate, a frame error rate is determined as a function of the channel state at the time of data transmission. The transmitted frame is in error if a random variable uniformly distributed between 0 and 1 is less than the frame error rate.  Accounting for the frame errors should be done as in the HSDPA system (when there is no ARQ). 

End

End

3.3 Items for further discussion

1. Incorporation of ARQ will be discussed later.

2. In first phase, we don’t include voice users. Impact on voice users may be accounted for with simplified (single user model) or analysis. 

3. UE C/I could be calculated based on location or drawn from a distribution (when applicable). The method will be dependent on the system architecture. Node B assignements to each UE will also be dependent on the system architecture.

4. Performance metrics will include packet throughput, service throughput, utilization, as described in [1]. 

5. Baseline for comparison will be a single antenna (1,1) HSDPA system. Details of the receiver architecture will be specified.

3.4 Conclusions

Rough outline of system simulation can be defined as in Section 3.2, but it’s difficult to define the methodology and method of comparison in too much detail since they are dependent on the system proposal. Therefore, system level simulation discussions should focus on the channel model, and any harmonization with 3GPP2 should also focus on the channel model. 

Details of each proponent’s methodology should be clearly described so that it will be possible for others to compare and/or reproduce results.
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