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1
Introduction 

In last RAN4 meeting, the tests for the new codebook were discussed. Some agreements are captured in the AH munites [1], but some issues were still left undetermined, such as options of the test methodologies (PMI test or FRC test), reporting modes, propagation channels, antenna configurations, rank and MCS. In this contribution, we show simulations according to test configurations in R4-141108 [2] and give our observations to help RAN4 down select the options. 

2
Simulation Results 
Considering a good coverage of tests, it would be nice to coordinate various combinations of options into separate tests. However, it may not be feasible to define sufficient number of tests to exhaust all possible combinations. We recommend RAN4 to prioritize the options that lead to larger precoding gain (defined below). Generally, a high precoding gain is more robust on aligning simulation results from companies, which eases RAN4’s effort on determining the minimum requirements of tests.
Proposal 1: Prioritize the options that lead to larger precoding gain for better aligning simulation results from companies and easing RAN4’s effort on determining the minimum requirements of tests.
Here we provide the simulation results according to [2] for both single and multiple PMI tests. In all the following results, MCS-4, 13 and 23 are chosen to approximate the spectrum efficiency of QPSK-1/3, 16QAM-1/2 and 64QAM-3/4, respectively. Existing test metric of PMI test for double codebook is adopted as precoding gain defined in Section 9.4 of 36.101: 
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2.1.
Single PMI test
For single PMI, 3 sub-tests were defined in [2]. The main differences between these 3 sub-tests are the reporting mode and rank, i.e.,
· Sub-test 1: PUCCH 1-1 submode 1, rank-1
· Sub-test 2: PUCCH 1-1 submode 2, rank-1

· Sub-test 3: PUCCH 2-1, rank-2

Some undetermined options are

· Propagation channel: EVA5 or EPA5

· Antenna configuration: XP-high or ULA-low

The figures of simulation results are provided in Appendix A. The resulting 
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 are listed in Table 1. Note that the RI/W1 reporting cycle is 5 ms in sub-test 1, and PTI is fixed at 0 in sub-test 3.
Table 1. Precoding gains of single PMI subtests
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	MCS-4
	MCS-13
	MCS-23

	Sub-test 1
	 
	EPA
	EVA
	 
	EPA
	EVA
	 
	EPA
	EVA

	
	ULA
	1.73
	1.45
	ULA
	1.55
	1.39
	ULA
	1.4
	1.38

	
	XP
	3.22
	2.48
	XP
	2.13
	1.88
	XP
	1.61
	1.49

	Sub-test 2
	 
	EPA
	EVA
	 
	EPA
	EVA
	 
	EPA
	EVA

	
	ULA
	1.63
	1.41
	ULA
	1.49
	1.37
	ULA
	1.39
	1.36

	
	XP
	2.8
	2.29
	XP
	1.97
	1.81
	XP
	1.56
	1.47

	Sub-test 3
	 
	EPA
	EVA
	 
	EPA
	EVA
	 
	EPA
	EVA

	
	ULA
	1.18
	1.18
	ULA
	1.28
	1.24
	ULA
	1.31
	1.24

	
	XP
	1.81
	1.81
	XP
	1.73
	1.59
	XP
	1.48
	1.42


2.2.
Multiple PMI test

For multiple PMI, 2 sub-tests were defined in [2]. The main difference between these 2 sub-tests is rank, i.e.,

· Sub-test 1: PUSCH 1-2/3-2, rank-1

· Sub-test 2: PUSCH 1-2, rank-2

One undetermined option is
· Antenna configuration: XP-high or ULA-low

Since only subband (SB) PMIs are adopted in the PDSCH transmission, PUSCH 1-2 and PUSCH 3-2 are exactly the same from the viewpoint of performance. Therefore we provide only the results of PUSCH 1-2 in sub-test 1. The figures of simulation results are given in Appendix B. The resulting 
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 is listed in Table 2. 

Table 2. Precoding gains of multiple PMI sub-tests
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	MCS-4
	MCS-13
	MCS-23

	Sub-test 1
	ULA
	1.66
	ULA
	1.52
	ULA
	1.4

	
	XP
	2.67
	XP
	2.07
	XP
	1.59

	Sub-test 2
	ULA
	1.4
	ULA
	1.42
	ULA
	1.39

	
	XP
	1.79
	XP
	1.61
	XP
	1.43


3
Propagation channel and antenna configurations 

In the 3 single PMI sub-tests, we observe that the precoding gains in EPA channels are larger than those in EVA channels. The reason is simply because that EVA channel has higher frequency selectivity such that a single WB precoder may not bring sufficient precoding gain for all PRBs.

Observation 1: EPA channels can provide higher WB precoding gain over EVA channels.
In all single/multiple sub-tests, it is observed that the antenna configuration XP-high can provide higher precoding gain over ULA-low. In fact, channels with high MIMO correlations prefer only a particular subset of precoders. An example listing the report percentage of all PMIs (W1 and W2) is given as in Table 3. The reported PMI distribution concentrates at 28 particular {W1, W2} pairs, while other 100 precoders are less useful and not selected. Therefore, if the precoder is selected randomly and uniformly among the 128 available PMIs of PUCCH 1-1 submode 1, eNB has a high probability (1 - 28/128 = 0.78%) to choose those less useful precoders. That’s where the high precoding gain of XP-high antenna configuration comes from.
Table 3. Percentage (%) of each reported PMI under EPA5, XP-high

(Single PMI sub-test 1, SNR 15 dB, 5000 reports)

	
	W2

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15

	W1
	0
	7.6
	7.3
	9
	12.4
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	
	1
	4.5
	3.3
	3.9
	4.8
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	
	2
	3
	1
	1.5
	0.6
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	
	3
	4
	0.2
	0.7
	0.9
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	
	4
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	
	5
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1
	1.2
	0.1
	0.5

	
	6
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1.3
	2.1
	0.9
	1.4

	
	7
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	8.4
	4.8
	9.2
	7.8


Observation 2: XP-high antenna configuration can provide higher precoding gain over ULA-low.
4
Reporting modes and rank

In single PMI tests, the resulting throughput and precoding gain for sub-test 1 and 2 are very similar, while the precoding gain of sub-test 3 is lower, as shown in Table 1 and Figures A.1, A.2 and A.3. Two possible reasons for this observation are the different reporting mode (PUCCH 2-1) and the rank-2 transmissions. As a result, we conducted further simulations on sub-test 3 with rank-1 under EPA5 channel, and the results of precoding gains are summarized in Table 4. It is observed that the precoding gain of rank-1 is higher than rank-2. This is also confirm in multiple PMI subtests 1 (rank-1, higher gain) and 2 (rank-2, lower gain) in Table 2. Furthermore, we observed that all three single PMI sub-tests under rank-1 have very similar precoding gain. 

Table 4. Precoding gains of single PMI sub-test 3 with rank-1
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	MCS-4
	MCS-13
	MCS-23

	Sub-test 3, rank-1
	ULA
	1.72 
	ULA
	1.53 
	ULA
	1.39 

	
	XP
	3.16 
	Xpol 
	2.11 
	Xpol 
	1.6 


Observation 3: Rank-1 could lead to higher precoding gain.

Observation 4: Under rank-1, all 3 single PMI sub-tests achieve very similar results.
5
MCS 

From Table 1 and 2, we see that generally low MCS has higher precoding gain. One explanation could be: The throughput of high MCS can gain more from HARQ than those of low MCS. To prove this, we conduct simulations that compare MCS-4 and 23 without HARQ for single PMI sub-test 1 under EPA and ULA-low channels. The results are plotted in Figure 1 with the corresponding precoding gain summarized in Table 5. Without HARQ, the precoding gain is rather large, i.e., 7.65 for MCS-4 and 13.2 for MCS-23. In addition, the retransmissions of HARQ improve all throughput curves but reduce the precoding gain. As is shown in Figure 1, a larger reduction is observed at high MCS than at low MCS. 
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Figure 1. Throughput performance of single PMI sub-test 1 with/without HARQ 

Table 5. Precoding gains of single PMI sub-test 1 without HARQ under EPA and ULA-low channels
	
[image: image8.wmf]g


	MCS-4
	MCS-13
	MCS-23

	Sub-test 1, No HARQ
	7.65
	13.2
	13.2


Observation 5: With HARQ, low MCS could lead to larger precoding gain than high MCS.
Observation 6: Higher precoding gain can be achieved without HARQ for all MCSs.
6
Test methodology 

During RAN4#69, [3] raised the issue about testing the new codebook through FRC demodulation, instead of PMI test. The main difference between these two test methodologies is whether the threshold in the requirement is an absolute SNR or a relative throughput gain. In our opinion, FRC demodulation test does not always result a tighter requirement than PMI test, especially when the impairments and/or low-cost devices (e.g, 1-RX UE) are considered.
A fair comparison between these two test methodologies would be to compare their alignment spreads based on companies’ simulation results. Based on the comparison, RAN4 can choose the one that leads to smaller spread in order to tighten the requirement. 
7
Summary 
In this contribution, we conducted the simulation results for both single and multiple PMI tests according to the configurations in [2]. Based on the simulation results, we provide our proposal and observations about some open issues on new codebook test:

Proposal 1: Prioritize the options that lead to larger precoding gain for better aligning simulation results from companies and easing RAN4’s effort on determining the minimum requirements of tests.
Observation 1: EPA channels can provide higher WB precoding gain over EVA channels.

Observation 2: XP-high antenna configuration can provide higher precoding gain over ULA-low.

Observation 3: Rank-1 could lead to higher precoding gain.

Observation 4: Under rank-1, all 3 single PMI sub-tests achieve very similar results.

Observation 5: With HARQ, low MCS could lead to larger precoding gain than high MCS.

Observation 6: Higher precoding gain can be achieved without HARQ for all MCSs.
8
References 

[1] R4-141086 “eDL-MIMO AH minutes v2”, Alcatel-Lucent
[2] R4-141108 “Test parameters for PMI test on 4Tx enhanced codebook”, ZTE
[3] R4-136086 “Performance requirement for Rel-12 DL MIMO enhancement”, Qualcomm Inc.
Appendix A 

In this appendix, we provide the figures of throughput simulation results for single PMI tests. Note that the figures are presented with normalized throughput. The purple-dashed lines stand for 70% of the maximum throughput and the black-dashed lines are the 
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(a) EPA and ULA-low                      (b) EVA and ULA-low
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(c) EPA and XP-high                      (d) EVA and XP-high

Figure A.1 Throughput performance of single PMI sub-test 1.
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(a) EPA and ULA-low                      (b) EVA and ULA-low
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(c) EPA and XP-high                      (d) EVA and XP-high

Figure A.2 Throughput performance of single PMI sub-test 2.
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(a) EPA and ULA-low                      (b) EVA and ULA-low
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(c) EPA and XP-high                      (d) EVA and XP-high

Figure A.3 Throughput performance of single PMI sub-test 3.

Appendix B 

In this appendix we provide the figures of throughput simulation results for multiple PMI tests.
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(a) EVA and ULA-high                      (b) EVA and XP-high

Figure B.1 Throughput performance of multiple PMI sub-test 1.
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(a) EVA and ULA-high                      (b) EVA and XP-high

Figure B.2 Throughput performance of multiple PMI sub-test 2.
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