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1
Introduction
In last RAN4 meeting, such way forward for PMI tests with 8 CSI-RS ports were agreed in [1] :
· 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 analysis the open issues for 8Tx PMI tests and give our proposals for test metrics, test points, and the model for randomization of channel direction.
2
Analysis
2.1 Single PMI test
The open issue for single PMI test is how to model randomisation of principle channel direction. The channel model proposed in [2] is a good start point, as showed in (1). This model introduces a steering matrix
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to randomize the channel direction.
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(1)

We slightly modify the channel mode as equation (2). In details, random phase is added to the precoded signals (including CSI-RS) after precoding operation. 
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represents the randomized signal transmitted from 8 transmitted antennas. 
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 is the random phase factor vector with 8×1 size, and 
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 represents element multiplication. 
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could be considered as “additional beamforming vector”.
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The modified model in (2) is equivalent to equation (1) from the view of randomisation of principle channel direction. The difference is where to apply the random weights. In equation (1), the randomisation is applied in channel matrix, while it is applied in transmitted signals in equation (2) which is similar to BF model defined in chapter B.4 of TS 36.101. From test point’s view, we think the modified model is more feasible with low complexity and we can reuse the methodology of defined BF model in Rel8/9.
We model the random phase
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, as the equation below,
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 is a integer with a uniform distribution between [0~31], and 
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is a decimal number with a random distribution between [0~1]. Considering the mismatched reported PMI during
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changed boundary, the update granularity of 
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 should be large. We propose to update 
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 per [500~1000ms] or keep it consistent over the simulation.
Based on the proposed channel model above, we evaluated the performance for TDD single PMI tests with random PMI and follow PMI. The simulation assumptions are supplied in [3]. Figure 1 below show the relative throughput performances vs. SNR for single PMI with follow PMI and random PMI under new channel model. And figure 3 show the estimated i1, i2 distributions. Figure 2 show the throughput gain
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. We can see the reported i1 have a random distribution over the entire codebook. We also find the throughput gain (gamma) have a sharp decline over both SNR and relative TP of rand PMI. It’s rational as the throughput with follow PMI quickly approaches the maximum throughput (about -5dB). It is also noted that the decline of gamma become slow down after the throughput with follow PMI approaching the maximum throughput. So we suggest selecting the reference test point at which 
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 start to approach the maximum throughput. From our simulation results, the test point where 
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obtain [25~30] % of the maximum throughput is feasible. 
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Figure1: Relative Throughput Vs. SNR for single PMI          Figure2: Gamma Vs. SNR for single PMI
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Figure3: Reported PMI (i1, i2) Distribution
For single PMI test, we give such proposals:
· Proposal 1: We propose to apply an “additional beamforming vector” 
[image: image26.wmf]q

w

 to transmit signals to randomize main channel direction. It is similar with BF model in Rel8/9. With this approach, we add random phase factors to transmit signals instead of channel matrix. 
· Proposal 2: We suppose to configure low updated rate for random phase factor as per [500~1000ms] or keep it consistent during the test.
· Proposal 3: Select the reference test point at which 
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 start to get maximum throughput. From our simulation results, the test point where 
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obtain [25~30] % of the maximum throughput is feasible. 
2.2 Multiple PMI test
For multiple PMI test, the open issue is how to define test metrics. For single PMI test, the major precoding gain comes from W1. From the design goal of current W1 and W2, W1 describes long-term wideband channel properties, and W2 represents short-term frequency selective channel components. As single PMI have validated the accuracy of reported i1, we suggest to validate i2 for multiple PMI test. 

Two major approaches are considered now:
· Approach 1: As single PMI test, 
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· Approach 2: Fixed i1by configuration of CodeBookSubsetRestriction, 
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In order to validate the feasibility of such approaches above, we evaluated the performance of multiple PMI test. The simulation assumption is according to [3], and we take current real high correlation channel with fixed channel direction. 
Figure 4 show the relative throughput vs SNR with different PMI selected methods. Figure 5 show the throughput ration with different test metrics. We can see that follow i1 have a large throughput gain even with random i2. So test can not identify the validity of the selected i2 since proper i1 can supply large precoding gain even with improper i2 if we take approach 1. Furthermore, approach 2 can validate i2 directly with no influence of reported i1. And from our simulation results, 
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have a more flat precoding gain over large SNR range especially at Rel8/9 test point (60% relative TP with fixed i1, random i2).
[image: image32.emf]-6 -4 -2 0 2 4 6 8

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

SNR in [dB]

Relative Throughput

Real high correlation/ Multiple PMI

Follow i1,i2

Follow i1, Rand i2

Fixed i1=0, Follow i2

Fixed i1=0, Rand i2

Rand i1,i2

[image: image33.emf]-4 -3 -2 -1 0 1 2 3 4

0

2

4

6

8

10

12

14

16

18

Throughput Ratio

SNR in [dB]

Follow i1,i2/Rand i1,i2

Follow i1,Rand i2/Rand i1,i2

Fixed i1, Follow i2/Fixed i1, Rand i2


Figure4: Relative Throughput Vs. SNR for multi PMI    
   Figure5: Gamma Vs. SNR for multi PMI
For multiple PMI test, we give such proposals:
· Proposal 1: Use current real high channel correlation with fixed channel correlation for multiple PMI test;
· Proposal 2: Take 
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as test metric, fixed i1=0 by configuration of CodeBookSubsetRestriction, and reuse Rel8/9 test point at which 
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 obtain [60] % of the maximum throughput.
3 Conclusion
In this contribution, we analyzed the open issues for CSI tests with 8 CSI-RS ports and evaluated the PMI performance over different parameters. Based on the analysis and simulation results, we give such proposals:
· For single PMI test, we give such proposals:
· Proposal 1: We propose to apply an “additional beamforming vector” 
[image: image36.wmf]q

w

 to transmit signals to randomize main channel direction. It is similar with BF model in Rel8/9. With this approach, we add random phase factors to transmit signals instead of channel matrix. 
· Proposal 2: We suppose to configure low updated rate for random phase factor as per [500~1000ms] or keep it consistent during the test.
· Proposal 3: Select the reference test point at which 
[image: image37.wmf]2

,

1

,

follow

follow

ue

t

 start to get maximum throughput. From our simulation results, the test point where 
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obtain [25~30] % of the maximum throughput is feasible. 
· For multiple PMI test, we give such proposals:
· Proposal 1: Use current real high channel correlation with fixed channel correlation for multiple PMI test;
· Proposal 2: Take 
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as test metric, fixed i1=0 by configuration of CodeBookSubsetRestriction, and reuse Rel8/9 test point at which 
[image: image40.wmf]2

,

1

rnd

fix

t

 obtain [60] % of the maximum throughput.
We proposed to take such observations above into consideration when discussing CSI requirements.
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