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1 
Introduction
The following agreements related to 8-Tx PMI testing were reached during RAN4#60 [1]:

Agreed Way forward:

· Spatial correlation = high for both single- and multiple-PMI tests.

· How to model randomisation of principle channel direction is to be studied until RAN4#60bis.

· It is agreed that randomisation of principle channel direction is needed for the single-PMI test. As for the multiple-PMI test, it is for further study until RAN4#60bis.
· Test metric:

· Joint testing of W1 and W2 for single-PMI test and a joint metric as 
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· Multiple-PMI test is for further study until RAN4#60bis.
· On test point definition: we will first see simulation results before concluding.
During RAN4#60bis there was no progress on the above issues.

In meeting 60bis, a contribibution [2] was presented which contains the detailed discussion on: 

· Randomization of the principle beam; 
· Test metric for multiple PMI test;
· Test point definition.
In this meeting we recall the proposals in [2] and provide possible parametrization for the definition of the tests.

2
Principle channel beam randomization for 8-TX PMI tests

According to the agreements in the previous meetings, randomization of the principle beam is needed. Randomization of the principle beam can be achieved by making use of complex-valued spatial correlation matrix at eNB side:
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(1)

where 
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 denotes the Hadamard product.
An alternative method to achieve randomization of the principle beam is to use a beam steering approach modelled as [2]:
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(2)
where 
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 is the received signal vector of size 2 x 1 at one subcarrier, 
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 is the MIMO channel matrix of size 2 x 8, 
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 is the precoding matrix of size 8 x R from the 8-Tx codebook, R being the transmission rank, 
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 is the input signal vector of size R x 1, and 
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 is the AWGN component of size 2 x 1.
Proposal:
Use beam steering approach to define the randomization of the principle beam, i.e. add a corresponding channel model in Annex B of TS.36.101, e.g. similarly to the two-tap channel model for CQI tests.
3
Proposed modeling

Assuming high spatial correlation (
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), we propose to sweep the value of 
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 in Equation (1) or (2) slowly over time – which corresponds to changing the main channel beam direction in the angular domain.
In the last meeting three models have been proposed in [2]:
· Option 1: Linear Phase variation with a random start value
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where 
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q

 is the value of 
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 at the k-th subframe, 
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q

is a random start value with e.g. uniform distribution (
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T

is the PMI test duration in subframes and 
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N

is the total number of cycles/sweeps of the 8-Tx codebook during the PMI test duration.

· Option 2: 1st order auto-regressive model (AR1)
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where 
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q

 is the value of 
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 at the k-th subframe, 
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 is the random innovation term and the parameter 
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 governs the correlation from one subframe to the next.
· Option 3: Brownian motion
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where 
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 is the value of 
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 at the k-th subframe, 
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 is the random innovation term. The random variable 
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 is chosen from a given distribution 
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e

~N(μ,σ2ε) as above.
The preferred models are Option 1 or Option 3. In the following section we provide a possible parametrization for the Brownian model (Option 3). For the linear phase variation model (Option 1), a possible parametrization was given in [2], for instance the angle 
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 is swept once over 
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 in a simulation of 170000 subframes, which corresponds to the actual duration of Rel-8/9 PMI tests for TDD defined in Annex G.5 of [3].
3.1

Parametrization for the brownian model
Figure 1, 2 and 3 show the follow throughput performance, relative throughput (throughput obtained with a certain value of μ and σε versus the throughput obtained with μ=0 and σε=0) and the histogram of the index ‘i1’ (i.e. W1 precoder selection) for the Brownian motion respectively. Note that the linear phase variation is a special case of Brownian motion with σε =0 (called sigma in the plot).
In Figure 3 the blue color is for σε =0, green, σε =0.01 and red σε =0.02. The analysis of Figure 3 shows that a pure Brownian motion (with mu μ=0) is not acceptable since index i1 statistics are not uniform and most of i1 indices are not swept through. Hence, preferably a μ ≥5e-3 should be considered. It can be noticed that there is not much difference in the statistics of the index i1 for different σε values when μ >=5e-3.

 

However the throughput curve and the relative throughput (Figure 1 and 2), show that if μ becomes too large there is a throughput degradation. 
We conclude that the proposed range for parameters μ and σε  ensures that:

· All angles and thereby codewords in the codebook (index i1) are swept through during the test;

· Angular variation during one PMI cycle including processing delays (i.e. ~10 subframes) is low enough not too affect throughput adversely;

· The PMI test is repeatable: over its whole duration of 170000, two runs of the test will produce similar PMI statistics.

Hence, we propose the following:
Proposal : 

A Brownian model could be considered with the following parameters:

5e-3 ≤ μ ≤ 10e-3 and 10e-3 ≤ σε ≤ 20e-3 with preference on the lower values.
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Figure 1. Throughput obtained for follow PMI under single PMI test conditions. The values in the legend are to be multiplied by e-3.
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Figure 2. Relative throughput (relative to the case mu=0 and sigma=0). The values in the legend are to be multiplied by e-3.
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Figure 3. Histogram of precoding index i1 for SNR=-2dB 

(blue color for σε =0, green for σε =0.01 and red for σε =0.02)
4 

Applicability to 8-Tx multiple PMI test: test metric and randomization of the principle beam
In the previous meeting [2] we have provided the rationale for the following proposal reported here for the sake of completeness:
Proposal:
· Apply the principle beam randomization for multiple PMI test.

· Use the same metric as defined for single PMI test, i.e.
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This joint metric will allow for complexity reduction in the UE. If this metric is accepted as the way forward, care should be taken when selecting the requirement level, i.e the requirement has to be set in a way such that the UE can not pass the requirements with a random W2 selection. However this seems to be feasible according to the performance shown in [2].  
5 

Conclusions
This document continues the discussion on the the PMI test for 8x2. The proposals are as follows:
Proposal 1:
Use beam steering approach to define the randomization of the principle beam, i.e. add a corresponding channel model in Annex B of TS.36.101, e.g. similarly to the two-tap channel model for CQI tests.

Proposal 2:
Consider one of the 2 options for the modelling for the purpose of the test: 
· Option 1: Linear Phase variation with a random start value
· Option 3: Brownian motion

Proposal 3:

Linear model can be considered as a special case of the Brownian motion model.

Proposal 4:
A Brownian model could be considered with the following parameters:

5e-3 ≤ μ ≤ 10e-3 and 10e-3 ≤ σε ≤ 20e-3 with preference on the lower values.

Proposal 5:
Apply the principle beam randomization for multiple PMI test.
Proposal 6:
For multiple PMI, use the same metric as defined for single PMI test, i.e.
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