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1
Introduction
The way forward document on CSI reporting accuracy requirements for eDL-MIMO in [2] was approved during RAN4#59AH. Related to PMI testing, the following agreements were reached:
· The following is adopted as a way forward to 4Tx FDD tests

· Single PMI test: EPA5 [low] correlation

· Multiple PMI test: EVA5 low correlation

· Studies on the following aspects until next meeting (RAN4#60) for 8Tx TDD tests:

· Identify test scenarios in terms of channel model & spatial correlation

· Meaningful scenarios for testing W1 ensuring practical SU/MU-MIMO deployment

· Test cases should  not be such that requirements could be met with fixed choice of PMI(s)

· Randomization of main channel direction in angular domain (modelling FFS)

· Separate or joint testing of W1 & W2 components

· Test metric(s): 

· Which reference for random precoding? 

· Random W1 & random W2

· Follow W1 & random W2

· Fixed PMI for W1 and/or W2

· Random W1 & follow W2

· One or several test metrics?
This contribution focuses on 8-Tx PMI tests for TDD and discusses specifically the PMI test methodology itself for 8x2 where one may need some adjustments compared to Rel-8 one because of the specificities of the 8-Tx dual-codebook.
2
Agreed PMI test framework for eDL-MIMO
The current agreements on PMI testing for eDL-MIMO are found in [2]
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[3] and the overall framework is sketched in Table 1 below. Similarly to Rel-8/9, PMI testing for eDL-MIMO will consist of two main classes of tests: single- and multiple-PMI. In the following we discuss test methodology and choice of spatial correlation parameters for 8x2 cases, along the lines of our previous contribution in [4].
Table 1: Currently agreed PMI test framework for Rel-10 eDL-MIMO
	Test mode
	Antenna configuration (Tx x Rx)
	Antenna correlation
	Channel Model
	Feedback mode

	Single-PMI (FDD)
	4 x 2
	ULA [Low]
	[EVA5]
	PUSCH 3-1

	Multiple-PMI (FDD)
	
	ULA [Low]
	
	PUSCH 1-2

	Single-PMI (TDD)
	8 x 2
	XP [Low or High]
	[EVA5]
	PUSCH 3-1

	Multiple-PMI (TDD)
	
	XP [Low or High]
	
	PUSCH 1-2


3
Testing PMI accuracy for 8-TX
It is desirable to design 8-Tx PMI tests following as much as possible the existing Rel-8/9 framework. The major difference is that 8-Tx eDL-MIMO operates along a double-codebook for PMI feedback whereas 2-Tx and 4-Tx make use of corresponding Rel-8/9 single codebooks. This specificity of 8-Tx PMI feedback may require special treatment compared to 2-Tx and 4-Tx, especially in relation to the choice of spatial correlation parameters. To our view, a good test framework for the 8-Tx PMI should aim at:
· Verifying proper PMI selection at the UE to ensure that each of the two PMI components (W1 and W2) delivers its respective share of the overall precoding gain. 

· Testing each PMI component in a meaningful way, i.e., for what they have been originally designed for: 

· W1 precoder describes long-term wideband channel properties and is the key to MU-MIMO deployments in the field;

· W2 precoder represents short-term frequency selective channel components.
We also note that PUSCH reporting modes are typically operated as follows:

· PUSCH 1-2 mode is designed to harvest frequency selective precoding gains for SU-MIMO: it is optimized for one (or few) SU-MIMO user(s) with large resource allocation justifying the choice of wideband CQI and subband PMI reporting.
· PUSCH 3-1 mode targets SU-/MU-MIMO operation with dynamic switching between the two: MU-MIMO gains are typically found in spatially correlated environments and from this perspective wideband PMI reporting makes sense. The availability of frequency selective CQI information allows for exploiting frequency domain packet scheduling (FDPS) gains together with multi-user diversity. 
Observation 1: 
Under TM9, PUSCH 1-2 feedback is typically SU-MIMO centric whereas PUSCH 3-1 feedback is targeted for SU-/MU-MIMO with dynamic switching.
3.1
Test scenarios – spatial correlation
The choice of spatial correlation parameters appears as crucial in the process of testing CSI reporting based on the Rel-10 double codebook for 8-Tx. Merits and drawbacks of scenarios with low/high spatial correlation is analyzed below.
Low spatial correlation 
Preliminary results for 8-Tx single-PMI were provided in [4]. It was observed that the curve for ‘random W1, selected W2’ provides already significant throughput gain vs. random PMI and it is also less than 1.5 dB away from the one for follow-PMI. In other words this means that there is not much precoding gain to be expected from W1 in spatially uncorrelated channels. This is because the codebook for W1 is optimized for high spatial correlation and under low correlation most of the precoding gain comes from W2 selection. This leads to the following short-comings:

· From test perspective: The test risks failing one of its purposes, i.e. to identify potential improper selection of W1 precoder because of the lack of significant precoding gain for a properly selected W1 component. For instance, a UE with proper W2 selection only may pass such test. 
· From deployment perspective: Improper W1 selection would severely compromise MU-MIMO deployments and gains in the field which are known to take place under high spatial correlation. Low correlation is thus not meaningful scenario for testing the W1 component of the 8-Tx PMI because W1 targets wideband channel properties inherent to high spatial correlation for which it is optimized by design.
· From UE complexity perspective: Lowly correlated channels typically incur higher PMI selection complexity to extract precoding gains. One should keep that aspect in mind given the size of the overall PMI space (4-bit for W1, 4-bit for W2). Exhaustive searching should not be mandated by the test.
Observation 2: 
For 8-Tx PMI, under low correlation one may not identify improper selection of W1 because of the lack of significant precoding gain for a properly selected W1 component.
Observation 3: 
For 8-Tx PMI, the W1 component is optimized by design for high spatial correlation and is the key to MU-MIMO gains in the field.  

High spatial correlation with randomization of the principal channel direction
From the above discussion, it is seen as critical to test the 8-Tx PMI under under high spatial correlation to ensure meaningful selection of the W1 component and guarantee gains in practical MU-MIMO deployments. However, as highlighted by previous results in [4], the main shortcoming of the currently agreed model for high spatial correlation is that it produces a fixed principal channel direction (“main beam”) along the broadside direction of the antenna (i.e. at 0 deg. azimuth angle). To overcome this issue, the key idea to test effectively the W1 component is to randomize the principal direction of the channel over the test duration (e.g. random start index i1 and slow continuous variation in the azimuth domain over time). 
Based on results provided in [4] for single-PMI and multiple-PMI under high spatial correlation – assuming randomization of the principal channel component, we observe that:

· From test perspective: Significant throughput gain of follow-PMI wrt. random PMI is observed. Furthermore, randomization of the principal channel direction allows the test differentiating proper W1 selection from an implementation with a fixed choice of W1.
· From deployment perspective: The test becomes meaningful in the sense that precoder selection is verified under channel conditions the 8-Tx codebook is designed for, i.e. high spatial correlation, and it thereby ensures MU-MIMO gains in the field. 
· From UE complexity perspective: Highly correlated scenarios are known to allow better separability of W1 and W2 selection and thereby lower PMI selection complexity. This is due to the existence of a wideband channel structure and the fact that the 8-Tx codebook itself fits to such structure.
From MU-MIMO perspective, we see that high spatial correlation with a randomization of channel main direction as essential for 8-Tx single-PMI testing because the latter mainly targets at identifying a principal channel direction at wideband level. Precoder statistics for W1 are seen to be close-to-uniformly distributed for follow-PMI (see results in [4]) with such modelling, which proves that the main beam direction varies across the azimuth domain. This avoids the test case being such that requirements could be met with fixed choice of PMI(s). For SU-MIMO and multiple-PMI tests, it depends whether one would like to isolate W2 precoder testing or test jointly W1 and W2 components: this aspect is further discussed in Section 3.2. In case W1 & W2 are jointly tested, randomization of the principal channel direction is needed as well. 
Observation 4: 
By randomizing the main channel direction under high spatial correlation, failure in W1 selection is immediately be identified by the test because of the associated drop in throughput performance.
Conclusions and proposals on test scenarios

Based the above considerations and on the fact that the single-PMI test under PUSCH 3-1 reporting is clearly targeting MU-MIMO operation in LTE Rel-10, we propose that: 
Proposal 1: 

For 8-Tx single-PMI & multiple-PMI tests, select high spatial correlation.

Proposal 2: 
For 8-Tx single-PMI test, randomize the principal channel direction under high spatial correlation. 
The remaining test details (e.g. channel model, modulation and coding scheme, test point, etc) can be considered slightly later after finalizing the basic test framework.
3.2
Separate vs. joint testing of W1 & W2 components
In this section, we further elaborate on separate vs. joint testing of the 8-Tx codebook [4] [5]. 
Joint testing of W1 & W2:

Joint testing of the 8-Tx double codebook is automatically achieved through a properly selected scenario that ensures “healthy” precoding gain for each of W1 & W2 precoder components. This requires high spatial correlation but also randomizing the main channel direction to ensure meaningful W1 selection according to previous discussion.
Observation 5:
Joint testing of W1 & W2 components requires high spatial correlation and randomizing the principal channel direction.
Separate testing of W1 & W2:

The main difficulty lies in the fact that two PMI components form the final precoder for each subband, and in reality each of them cannot be tested separately. For multiple-PMI test, there are however few possible ways to isolate the mutual impact of the two components: 

· Select high spatial correlation – assuming current real-valued correlation modelling: this will tend to fix the W1 precoder to a single reported PMI, as seen from PMI statistics in [4]. Such test would isolate the impact of W1 and focus on W2 selection performance.
· Use codebook subset restriction to enforce a given W1. Such test would obviously focus on W2 selection performance.
· Attempt at “extracting” W1 and W2 precoding gain by using different test metrics (see discussion in Section 3.3 below). The drawback of such method is that it would require additional simulations and increase test duration.
Proposal 3: 

For 8-Tx PMI tests, further study the merits of separate vs. joint testing of W1 & W2 components.
3.3
Test metric
Reference for random precoding in 8-Tx throughput test metric
For 4-Tx and more generally in the case of a single codebook for precoding, requirements on PMI accuracy are specified in terms of the throughput ratio:
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with precoders configured according to the UE reports.
For the 8-Tx double codebook, it remains to be investigated and discussed in RAN4 whether a single random throughput reference is sufficient as well as the choice of the reference itself. Table 2 below summarizes and analyses candidate proposals listed in [1].
As a generic comment, using a follow-W1 or W2 in the denominator part of Gamma should be avoided, as one could impact/improve the test outcome with a bad selection of W1 or W2, respectively.

Table 2: Comparison of references for random throughput in 8-Tx PMI tests
	Reference for random throughput
	Pros
	Cons

	Random W1 & random W2
	True random precoding reference.
	Finding the SNR value that maximizes the precoding gain becomes difficult due to the flatness of the throughput curve for random PMI (see Figs 13 & 15 in [4]).

Too low absolute throughput, hard to assess whether observed precoding gain over such reference comes from W1, W2 alone or jointly.

	Follow-W1 & random-W2
	Allows identifying W2 precoding gain.
	Erroneous selection of W1 may impact the Gamma.

	Fixed PMI for W1 and/or W2
	Tries to avoid impact from erroneous PMI selection.
Fixed-W1 (e.g. through codebook subset restriction) & UE-selected-W2 would allow identifying W1 precoding gain, especially in single-PMI test (assumes randomization of principal channel direction).
Fixed-W1 (e.g. through codebook subset restriction) & random-W2 would allow identifying W2 precoding gain, e.g. in multiple-PMI test (assuming current correlation modelling).
	Fixed W2 assumes random W1 which leads to too low absolute throughput under high spatial correlation.
Erroneous selection of W2 may impact the Gamma.

	Random-W1 & follow-W2
	Tries to isolate W2 gain.
	W2 selection/usage alone without associated W1 does not make much sense. Due to the structure of the codebook, the W2 component selection is intimely related to the choice of W1 precoder, and it is typically understood that UE will select W1 first, and then condition the choice of W2 upon the one for W1.
Erroneous selection of W2 may impact the Gamma.


Based on the above analysis, it seems challenging to find a metric that would cater all the requirements for a good 8-TX PMI test case:
1. 
Verifying that each of the two PMI components (W1 and W2) delivers its respective share of the overall precoding gain, as discussed in Section 3.
2. 
Ensuring a test point that would maximize the precoding gain.

3. 
Avoiding a situation where an erroneous selection of either W1 or W2 would impact/improve the test outcome.

4. 
Avoiding a situation where the UE could pass the test by applying either a fixed or random W1 or W2.

Some sub-optimal alternatives are listed in the following:
· 
Option 1: Use random W1 and W2 as a precoding reference in both single and multiple PMI tests, combined with high spatial correlation and randomized principal channel direction. Instead of conducting the test at a SNR point that represents a fixed percentage of the throughput with random precoding (e.g. 60 %), the test could be carried out at sufficiently separated (fixed) SNR points, allowing different receiver implementations to reach the maximum precoding gain. The number of test points will be left FFS, however 2-3 points separated by 1 dB would be probably enough. As a downside, the test time would increase, although this could mitigated by ending the test at the first SNR point that would satisfy the requirement. Note that a similar approach is utilized in Rel-8 CQI requirements, where two SNR points (at maximum) are inspected to reduce the impact of the saw-tooth behaviour caused by CQI quantization.
· 
Option 2: Another possibility would be to verify W1 and W2 in separate tests. One could consider e.g. the following:
· Single PMI test: This scenario aims at testing the W1 component by utilizing high spatial correlation with beam randomization. The denominator part of the Gamma would comprise a fixed W1 and a UE selected W2 as to isolate the gain from W1. One obvious problem of this test is that the accuracy of W2 would be not verified for single PMI. Also, erroneous selection of the W2 could imply unpredictable behaviour.
· Multiple PMI test: This scenario aims at testing the W2 component by utilizing high spatial correlation without beam randomization. The denominator part of the Gamma would comprise a fixed W1 (main channel direction) and a random W2 as to isolate the gain from W2. As for the single PMI, the problem of this test is that the accuracy of W1 would be not verified. Also, erroneous selection of the W1 could imply unpredictable behaviour.

· 
Option 3: Another alternative would be to verify both single and/or multiple PMI utilizing a low spatial correlation. The main advantage of this approach is that the testing related problems are largely avoided. However, as discussed in Section 3.1, it is questionable whether such test would properly verify the W1 component due to the low gain from W1 in low correlated channel and the fact that W1 is not really designed for low correlation. One would also risk mandating exhaustive searching of the PMI given that ideal assumptions are used in the simulations.
We currently slightly prefer Option 1 or 2, but feel that further studies are needed before concluding on this topic.
5
Conclusion
This contribution focused on the choice of spatial correlation parameters for PMI tests in eDL-MIMO. Based on the provided analysis and simulation results, we first observed that:
Observation 1: 
Under TM9, PUSCH 1-2 feedback is typically SU-MIMO centric whereas PUSCH 3-1 feedback is targeted for SU-/MU-MIMO with dynamic switching.
Observation 2: 
For 8-Tx PMI, under low correlation one may not identify improper selection of W1 because of the lack of significant precoding gain for a properly selected W1 component.
Observation 3: 
For 8-Tx PMI, the W1 component is optimized by design for high spatial correlation and is the key to MU-MIMO gains in the field.  
Observation 4: 
By randomizing the main channel direction under high spatial correlation, failure in W1 selection is immediately be identified by the test because of the associated drop in throughput performance.

Observation 5:
Joint testing of W1 & W2 components requires high spatial correlation and randomizing the principal channel direction.
Given these facts, we propose the following way forward:
Proposal 1: 

For 8-Tx single-PMI & multiple-PMI tests, select high spatial correlation.

Proposal 2: 
For 8-Tx single-PMI test, randomize the principal channel direction under high spatial correlation. 

Proposal 3: 

For 8-Tx PMI tests, further study the merits of separate vs. joint testing of W1 & W2 components.
Proposal 4: 
Further study the choice of test metric(s) and throughput reference(s).
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