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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.
In this contribution, we address the remaining issues for 8-Tx PMI testing. 

2
Principle channel beam randomization for 8-TX PMI tests
2.1
Problem statement
The current agreement on 8-Tx correlation modelling assumes a real-valued spatial correlation matrix at eNB side [2]:
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where 
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 is a real-valued correlation coefficient (
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 for high spatial correlation). The above matrix corresponds to the transmitter side correlation matrix for each of the 4-Tx co-polarized sub-arrays which form together the 8-Tx array of cross-polarized antennas. Since the matrix is real-valued, it unfortunatelly fixes each 4-Tx sub-array to beam perpendicular to its orientation (0 degree azimuth angle), which is seen as detrimental to 8-Tx PMI testing under high spatial correlation [3]. We present two alternative ways to address this issue in the following.
Complex-valued correlation matrices

In order to allow the array to beam to an arbitrary azimuth direction, one way is to make use of the following complex-valued spatial correlation matrix at eNB side:
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where 
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 denotes the Hadamard product. Such modelling is justified by theoretical considerations (see e.g. [4]). Note that in reality  is non-uniformly distributed and its range is a function of the antenna array aperture and azimuth angle. Nevertheless, for simplicity, we propose  to be selected according to a certain process described below in order to guarantee that all codewords for W1 are selected. Since PMI tests are run in a continuous manner over a given time interval, we propose that the test equipment randomly picks the start value for  and varies the latter slowly over time from one TTI to the next. Further details of such modelling are provided in Section 2.2.  
Following the description in [2], the corresponding 8-Tx MIMO correlation matrix corresponding to the new definition of 
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(4)
Beam-steering approach

As an alternative to complex-valued correlation matrices, an equivalent way is to perform beam-steering as follows:
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where 
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 is the received signal vector of size 8 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. Here one beams antennas corresponding to each orthogonal polarization to the same azimuth direction (i.e. each of the two 4-Tx sub-arrays with antennas indexed by 1-4 and by 5-8). We note that here the MIMO channel matrix 
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is generated using the existing real-valued 8-Tx correlation matrix defined in [2], which reads
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. One may show that the MIMO correlation matrix corresponding to the model in Equation (5) may be expressed as:
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(6)
which proves indeed that the beam-steering approach leads to the same complex-valued 8-Tx MIMO correlation matrix.
2.2
Proposed modeling
Assuming high spatial correlation (
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), we propose to sweep the value of 
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 in Equation (5) slowly over time – which corresponds to changing the main channel beam direction in the angular domain.
Option 1: AR(1)
One option is to make use of a 1st order auto-regressive model (AR1) as follows:
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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 and the parameter 
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 governs the correlation from one subframe to the next. The random variable 
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 is chosen from a given distribution, e.g. i.i.d biased Gaussian distribution 
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~N(μ,σ2ε); the mean μ(0 guarantees that with a sufficiently long simulation all codewords for W1 are selected, i.e. in average 
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moves always in the same direction. 

Other distributions can also be considered in the discussion. 

Option 2: Brownian Motion 

Another option is to apply a Brownian motion as follows:
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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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The advantage is that the difference between 
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Option 3: Linear Phase variation
Another option is to consider a linear phase variation model with a random start value: 
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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 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. The variable 
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D

defines the angular rate in [radian/subframe] at which the beam direction changes over time. One drawback of the model in (9) compared to (7) and (8) is that it is deterministic (conditioned on 
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), and hence somewhat more “predictible” than with AR1 or Brownian motion modeling. The advantage is that the angular rate is bounded which ensures that all codewords are swept through with equal probability and this makes the test repeatable as well.
2.3
Parametrization of the model
One should bear in mind the following design guidelines:

1. The value 
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 is chosen at the start of the PMI test and is randomly distributed over the interval
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2. One should sweep at least once over the whole codebook for W1 precoder during the PMI test.
3. One should maintain sufficiently low phase variation
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 over D subframes such that the corresponding optimum PMI stays unchanged during one PMI reporting cycle (D equals at least 10 [ms]). In other words, the main channel direction should not change faster than the UE is able to estimate it.
Figure 1 illustrates a planar wave departing from each 4-Tx sub-array with azimuth angle 
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. The resulting phase term for beam-steering can be obtained as 
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inter-element spacing and k=0,…,3 referring to the Tx antenna index. 
Figure 2 depicts index i1 in the 8-Tx double codebook as a function of 
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 in the 8-Tx codebook definition (see Section 6.3.4.2.3 of [5]). The variable 
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 in Figure 1 as well as of 
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 in (7), (8) or (9): these quantities all relate to the azimuthal direction through the sin function as shown above. 
The proposed phase variation models in Equations (7)-(8)-(9) do not lead to any issue when the phase wraps around. Although we observe a discontinuity in i1 indices around 0 and ± in Figure 2, if one plots the corresponding beams for the 4-Tx sub-array in Figure 3, we see that these are still adjacent beams in the azimuth domain. This is due to the aliasing property which characterizes DFT-4 vectors.
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Figure 1: Beam-steering at azimuth angle with 4-Tx sub-array.
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Figure 2: Index i1 as of function of m [rad].


	[image: image65.emf]-80 -60 -40 -20 0 20 40 60 80

0

1

2

3

4

5

6

7

8

i

1

=0

i

1

=0

i

1

=0

i

1

=0

i

1

=1

i

1

=1

i

1

=1

i

1

=1

i

1

=2

i

1

=2

i

1

=2

i

1

=2

i

1

=3

i

1

=3

i

1

=3

i

1

=3

i

1

=4

i

1

=4

i

1

=4

i

1

=4

i

1

=5

i

1

=5

i

1

=5

i

1

=5

i

1

=6

i

1

=6

i

1

=6

i

1

=6

i

1

=7

i

1

=7

i

1

=7

i

1

=7

i

1

=8

i

1

=8

i

1

=8

i

1

=8

i

1

=9

i

1

=9

i

1

=9

i

1

=9

i

1

=10

i

1

=10

i

1

=10

i

1

=10

i

1

=11

i

1

=11

i

1

=11

i

1

=11

i

1

=12

i

1

=12

i

1

=12

i

1

=12

i

1

=13

i

1

=13

i

1

=13

i

1

=13

i

1

=14

i

1

=14

i

1

=14

i

1

=14

i

1

=15

i

1

=15

i

1

=15

i

1

=15

Azimuth angle [deg]

Beamforming gain [dB]

4-Tx beams within the 8-Tx double-codebook


Figure 3: 4-Tx sub-array beams and corresponding i1 indexing (32 beams in total).


2.4
Validation by link-level simulations

Principle beam randomization was evaluated through link-level simulations. For this purpose we considered Option 3 (linear phase variation model) in order to prove the feasibility of the approach. It is believed that Option 1-2 offer also viable candidates with proper parametrization.

With the linear phase variation model the angle 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 [8]. The start angle is uniformly distributed over 
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. The throughput results and the PMI selection statistics for single PMI selection are presented in Figure 4 and Figure 5, respectively. As reference, the results with static main channel direction (real corr.) and per-fast-fading drop main direction randomization (complex corr.) are provided. With main direction randomization on a per-fast-fading drop basis, the main direction is randomized every 30 ms at the beginning on a fast-fading drop and kept constant over the duration of the drop.
From the results, we observe that the throughput curves practically overlap for the considered cases and that the PMI statistics for W1 precoder are close-to-uniformly distributed. This proves that the beam randomization approach itself is viable since it allows testing W1 properly while it does not harm the throughput performance. 
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Figure 4: Throughput – 8x2 single-PMI (FDD), high spatial correlation, comparison between static and variable modeling of the main direction.
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Figure 5: Single-PMI statistics at SNR=-7dB


For multiple-PMI case, the results of a similar comparison are presented in Figure 6 and Figure 7.
	[image: image70.emf]-4 -2 0 2 4 6 8

0

0.5

1

1.5

2

2.5

3

3.5

4

4.5

5

x 10

6

SNR [dB]

Throughput [bit/s]

EVA5, 8x2 high corr. 



0.9 



0.3, multiple PMI

 

 

Follow PMI, linear phase variation model

Follow PMI, complex corr.

Follow PMI, real corr.


Figure 6: Throughput – 8x2 multiple-PMI (TDD), high spatial correlation, comparison between static and variable modeling of the main direction.
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Figure 7: Multiple-PMI statistics at SNR=0dB


2.5
How to specify channel beam randomization in TS36.101
Both complex-valued correlation and beam-steering approaches are equivalent. In terms of specification effort, the following can be said:

· Beam-steering would amount to add a corresponding channel model in Annex B of TS.36.101, e.g. similarly to the two-tap channel model for CQI tests.

· Defining complex-valued correlation matrices in Annex B of TS36.101 would have the merit of being future proof approach, as these matrices could then be reused for future work/study items.
Without choosing at this stage which way to follow, we propose to keep these aspects in mind until RAN4 settles on the exact modelling for main channel beam randomization.

3
Applicability to 8-Tx multiple PMI test: test metric and randomization of the principle beam

In the last meeting it was agreed to consider a single metric for single PMI test together with beam randomization. The metric was defined as follows:
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.
This section discusses the metric choice for multiple PMI test.
While for single PMI, W1 is the main precoder under test, we acknowledge the fact that for multiple PMI the focus is more on W2 precoder. In meeting RAN4 #59bis, document [7] presented the throughput curves vs. SNR for different PMI strategies (follow PMI, Random PMI, Random W1-Selected W2 and Selected W1-Random W2) as well as the distribution of the W1 and W2 indexes. The following can be noticed.

If low correlation channel model is used as shown in Figure 8 and Figure 9, a suitable metric could be: 
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.
However the gap between the thoughput obtained with follow PMI and with Random W1-Selected W2 is too small and there is a risk that a UE with a random W1 selection can pass the requirement.
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Figure 8: Throughput – 8x2 multiple-PMI (TDD), low correlation
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Figure 9: 8x2 multiple-PMI statistics at SNR=+4.5 dB, low correlation


Hence we think that low correlation is not a suitable channel condition for the multiple PMI test.

If a channel model with high & real-valued correlation is considered (as shown in Figure 10 and Figure 11), the same metric as above could be defined, i.e.
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Figure 10: Throughput – 8x2 multiple-PMI (TDD), high spatial correlation (current real-valued modeling)
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Figure 11: 8x2 multiple-PMI statistics at SNR=0 dB, high spatial correlation (current real-valued modeling)


However it is clear that this approach is not suitable because a fixed selection of W1 together with the follow W2 approach reaches the maximum throughput performance. Hence, this methodology as well cannot be used here to guarantee the correct joint W1 and W2 PMI selection.

The approach used in previous sections for single PMI case (beam randomization) can be applied also in the case of multiple PMI. Figure 12 and Figure 13 show that it is possible to define metrics in order to test the correct UE behaviour (i.e the correct PMI selection). Candidates are as follows:
Option 1. 
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This metric allows the isolation of the benefits provided by W2.

Option 2. 
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This metric allows for the optimal joint selection of W1 and W2.
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Figure 12: Throughput – 8x2 multiple-PMI (TDD), high spatial correlation (complex-valued modeling)
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Figure 13: 8x2 multiple-PMI statistics at SNR=0 dB, high spatial correlation (complex-valued modeling)


It should be noticed that the final goal of the PMI selection is to maximize the overall throughput. Even if the precoder is defined as the product of two separate precoders W1 and W2, the test should capture the final goal of the PMI selection.
Hence, we propose the following:

· 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 in Figure 12.  
4
Test points

One remaining issue is the definition of the test points in terms of SNR. In legacy releases (Rel-8/9) a certain % of the maximum throughput value was defined as the SNR point at which the requirement should be passed. This does not seem to be a reasonable approach in this case because the difference between the throughput obtained with follow PMI and the throughput obtained with random PMI is very high.
· Hence we propose the following:

· Define a baseline fixed SNR value at which the requirement should be satisfied.
· Additionally we propose to define an SNR offset of x dB as defined for the CQI test. The purpose of this offset is that a UE might not meet the requirements if the input SNR is at an unfortunate level. 
The tests are therefore carried out at two levels with an x dB offset: if the test is failed at the nominal test point, the test should be passed for the other level. The baseline SNR values as well as offset level need further discussion.

5
Conclusion
In this contribution, we addressed the remaining issues for 8-Tx PMI testing. Based on the provided analysis and results, we propose that:

Proposal 1: 
Consider one of AR(1), Brownian Motion or Linear Phase Variation model to perform principle channel beam randomization.

Proposal 2:
Apply principle beam randomization also in the multiple PMI test and use the same metric as defined for single PMI test, i.e.
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Proposal 3: 
Consider the following approach to determine test points:

· Define a baseline fixed SNR value at which the requirement should be satisfied;
· Define an SNR offset of x dB as defined for the CQI test;
· If the test fails at the baseline test point, the test should be passed for the other level.
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