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1 Introduction 
After RAN4 #59AH, there are two main directions for CQI test case design to proceed [1], including both static and fading tests: 
- One is to assume limited phase error impact and tolerable performance degradation, as this can be compensated by UE channel estmation; 
- The other is to go back to Rel-8 test configuration with 1or 2 transmit antennas, depending on the different tests.
To solve the phase error caused by cable effect, [2] proposed during RAN4#59AH a way forward as working assumption: 
Allow some impairment of the channel matrix to be allowed in the RAN5 test specification TS 36.521-1:
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The conditions would be:

The phase error ΔΘ is the same (to within..) for both elements in the bottom row of the matrix

The phase error ΔΘ is constant over the duration of the test

The channel matrix applies per subcarrier

It was agreed that TE vendors to provide feedback on feasibility of this issue by RAN4#60. 
Assuming the proposal in [2] can be adopted as the working assumption, since it does not impose excessive calibration mechanism for the test equipment implementation, this contribution provides further discussion on the detailed configurations for the CQI test. 
For PMI test, the channel model selection, including propagation condition and correlation property, and test metric are key issues in defining the test methodology. This contribution further discusses these issues that remained to be investigated.

2 CQI tests with 4 and 8 TX ports
2.1 The PUCCH 1-1 static test
Testing point selection:

According to tentatively agreed framework for the CSI reporting accuracy performance requirements on eDL MIMO [3], testing points (SNR) need further study for Rel-10 CQI tests.
Currently in the specification [4] for PUCCH 1-1 static CQI test, the testing points are agreed to be: 10 or 11; 16 or 17. For each test, the minimum requirements shall be fulfilled for at least one of the two SNR(s) and the respective wanted signal input level [4]. With the introduction of eDL-MIMO, 4x2 for FDD and 8x2 for TDD are to be adopted as antenna configuration which is expected to bring significant beamforming gain for each codeword. 
Figure 1 provides distribution of post SNR at 16 dB according to simulation assumption in [3]:

[image: image2.emf]21 21.2 21.4 21.6 21.8 22 22.2 22.4 22.6 22.8 23

0

0.02

0.04

0.06

0.08

0.1

0.12

0.14

0.16

SNR

Percent

8T2R CW1 SNR =16dB

21 21.2 21.4 21.6 21.8 22 22.2 22.4 22.6 22.8 23

0

0.02

0.04

0.06

0.08

0.1

0.12

0.14

0.16

SNR

Percent

8T2R CW2 SNR =16dB


Figure 1: Post-SNR distribution for static CQI test at 16dB for 8x2 

Figure 2 shows CQI distribution for static CQI test at 16dB (8x2):
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Figure 2: CQI distribution for static CQI test at 16dB for 8x2
From the Figure 2 at 16dB testing point, all reported CQI indexes are distributed at CQI 15. The CQI has reached saturation at this testing point due to beamforming gain. To account for the performance gain, the testing SNR needs to be lowered.
Theoretically in AWGN condition 4x2 provides 3dB beamforming gain and 8x2 provides about 6dB beamforming gain. 
For 4x2, [7 or 8 dB] and [13 or 14 dB] seem preferable as the testing SNRs; for 8x2, [4 or 5 dB] and [10 or 11 dB] seem preferable as the testing SNRs for Rel-10 static CQI test.
PMI selection in static CQI test

It is proposed in [5] to use follow PMI to compensate the phase error caused by the cable effect. If the proposal in [2] can be acceptable to TE vendor, the cable error could then be compensated, to a large extent, by channel estimation. 
The follow PMI could bring significant performance gain to UE throughput especially when for Rel-10 eDL-MIMO the antenna configuration is 4x2 and 8x2 as presented in [6] and Section 3 in this contribution. The beamforming gain might outperform the adptive CQI throughput gain. This may make the testing purpose unfulfilled for the CQI test. 
In this case fixing PMI to the main direction of the static channel still seems attractive for the static CQI test.
2.2 The PUCCH 1-1 fading test

Testing point selection:

Same as the PUCCH 1-1 static test, 4x2 for FDD and 8x2 for TDD antenna configurations are expected to bring significant beamforming gain for wideband CQI test.
Figure 3 and Figure 4 show the adptive CQI distribution and BLER across the SNR region of [0 16] for 4x2 and 8x2 antenna configuration. 
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Figure 3: CQI index not in the set {median CQI -1, median CQI +1} for 4x2 and 8x2
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Figure 4: BLER for 4x2 and 8x2
If the testing point SNR is larger than a prescribed value, the post-combining SNR is beyond the maximum CQI level quantization threshold, so the CQI distribution not in [median CQI -1, median CQI +1] decreases as shown in Figure 3. The CQI distribution value not in [median CQI -1, median CQI +1] is sharply decreases when SNR larger than 12dB. Same results can be seen in Figure 4, BLER becomes small with the SNR increase in SNR region from 8dB to 16dB. 
For 4x2, [3 or 4 dB] and [9 or 10 dB] seem preferable as the testing SNRs; for 8x2, [0 or 1 dB] and [6 or 7 dB] seem preferable as the testing SNRs for Rel-10 PUCCH 1-1 fading CQI test.

PMI selection in wideband fading CQI test

Same as the static CQI test, fixed PMI is also preferred for the wideband fading CQI test. With the fading channel condition, one concern might be the difficulty of maintaining the “main direction” in the real test. If practical factors are agreed to be taken into account, the PMI can be restricted to a subset of the candidate codebooks (currently it is restricted to the best suited codebook). The purpose is still to limit the PMI gain as much as possible in wideband fading CQI test.
2.3 The PUSCH 3-1 fading test

Subband CQI distribution
Currently in [4] the minimum requirement for CQI offset level 0 is specified by the following:
a)
a sub-band differential CQI offset level of 0 shall be reported at least  % of the time but less than % for each sub-band;

  =2% and =55% for Rel-8 subband CQI test.
According to simulation assumption in [3], Figure 5 and Figure 6 show the comparison of Rel-8 and Rel-10 subband differential CQI offset level of 0 distribution:
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Figure 5: Rel-8 sub-band differential CQI offset level of 0 for 1x2
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Figure 6: Rel-10 sub-band differential CQI offset level of 0 for 4x2 and 8x2 (fixed PMI)
It is observed that the reported subband differential CQI offset level of 0 distribution for Rel-10 UE changes compared to Rel-8 UE. The requirements of  and  may need to be revisited. This is also due to the beamforming gain of 4x2 and 8x2. However considering the current requirements of  and  are relatively relaxed, the value 2% and 55% might still be acceptable for Rel-10 UE. It is proposed to have simulation evaluation on those values of  and 
Testing point selection:
Same as the PUCCH 1-1 static test and PUCCH 1-1 wideband fading test, 4x2 for FDD and 8x2 for TDD antenna configurations are also to bring beamforming gain for CQI test thus make it necessary to have new testing points for the subband CQI test.
For 4x2, [6 or 7 dB] and [11 or 12 dB] seem preferable as the testing SNRs; for 8x2, [3 or 4 dB] and [8 or 9 dB] seem preferable as the testing SNRs for Rel-10 PUSCH 3-1 fading CQI test.

PMI selection in frequency-selective fading CQI test

Same as the static CQI test and wideband fading CQI test, fixed PMI is also preferred for the subband fading CQI test. If practical factors are to be taken into account, the PMI can also be restricted to a subset of the candidate codebooks. The purpose is still to limit the PMI gain as much as possible in fading CQI test.
3 PMI tests with 8 TX ports
First of all, we recall the way forward from RAN4#59AH meeting on 8Tx TDD PMI test:

· 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?

Following discussion tries to focus on internal connection and logic between above mentioned remaining issues.
3.1 Test metric
TDD 8Tx dual-codebook is designed to be optimized for ULA and cross-polarized high correlation condition, as also mentioned in [6]. In this case it makes sense to follow the RAN1’s purpose of design in RAN4 8Tx test cases.

So we start our discussion on test metric from assuming high correlation in 8Tx PMI tests. As per RAN1 design, W1 accounts for long-term wideband channel properties and W2 accouts for short-term subband channel properties. We then use PUSCH 3-1 single PMI test to preferably test W1 and use PUSCH 1-2 multiple PMI test to preferably test W2.

To test W1, the test metric can be selected as: 
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To test W2, the test metric can be selected as: 
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(2)
Numerator of metric (2) was proposed in [6] to be:

“Random W1, selected W2: In this cases, W1 is chosen randomly, but W2 is selected conditioned on W1.”
(2a)
It needs to be pointed out that, most likely, there is difficulty to implement this metric definition (2a) into real test due to UE implementation reason. This issue is also to be confirmed by UE and TE vendors.
We proposed a revision of metric definition (2a) as:
“Random W1, selected W2: In this cases, W1 is chosen randomly, but W2 is selected according to reported W1.” (2b)
3.2 Channel model and correlation property
With the revised definition (2b), we start our discussion on channel model and correlation property.
One concern was raised in last meeting that under high correlation channel, real-valued high correlation model yields a principal channel direction which means follow-PMI happens to be the one chosen for fixed PMI [6]. To avoid UE benefiting from this channel property, a channel with randomization of the principal channel direction under high spatial correlation was proposed accordingly, targeting the purpose of preventing UE from cheating the test by fixing PMI.
However randomized high correlation channel is, to some extent, an artificial low-correlation channel which brings us back to the discussion on channel correlation selection: at every single point of time and frequency, a low correlation channel yields a relatively principal direction which leads to a best suited codebook. With the test metric definitions (2a) and (2b), we simulate the throughput under low correlation in Figure 7:
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Figure 7: Throughput of single PMI test under low correlation
Simulation results under low correlation show that throughput of test metric (2a) coinside with the simulation results in [6]. However throughput of test metric (2b) does not outperform the throughput of “FollowW1, RandomW2”.

This observation may represent that under real test environment, W1 can be preferably tested with low correlation channel.
4 Conclusions

In this contribution we provide follow-up discussion on eDL-MIMO CQI and PMI test. Proposals can be summarized as following:
For CQI test:

The PUCCH 1-1 static test: 
1. For 4x2, [7 or 8 dB] and [13 or 14 dB] seem preferable as the testing SNRs; for 8x2, [4 or 5 dB] and [10 or 11 dB] seem preferable as the testing SNRs for Rel-10 static CQI test.
2. PMI is proposed to be fixed or restricted to a subset.

The PUCCH 1-1 fading test:

1. For 4x2, [3 or 4 dB] and [9 or 10 dB] seem preferable as the testing SNRs; for 8x2, [0 or 1 dB] and [6 or 7 dB] seem preferable as the testing SNRs for Rel-10 PUCCH 1-1 fading CQI test.
2. PMI is proposed to be fixed or restricted to a subset.
The PUSCH 3-1 fading test:
1. It is proposed to have simulation evaluation on those values of  and 
2. For 4x2, [6 or 7 dB] and [11 or 12 dB] seem preferable as the testing SNRs; for 8x2, [3 or 4 dB] and [8 or 9 dB] seem preferable as the testing SNRs for Rel-10 PUSCH 3-1 fading CQI test.
3. PMI is proposed to be fixed or restricted to a subset.
For PMI test:
1. Propose a revision of metric definition for “Random W1, Selected W2” as:
“Random W1, selected W2: In this cases, W1 is chosen randomly, but W2 is selected according to reported W1.” 
2. Test metrics for PMI test to be:
To test W1, the test metric can be selected as: 
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To test W2, the test metric can be selected as: 
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3. Reconsider low correlation for W1 test if UE “cheating” in high correlation channel condition is to be avoided.
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