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1 Introduction 
In RAN4 #60bis, test SNR points had been agreed in [16] [17] for static dual-codeword CQI tests. For fading CQI test, there is no consensus on following issues: SNR test point, reporting mode, cable error issues.  This contribution discusses above mentioned issues in fading CQI test.
For PMI test, several rotation main direction methods had been proposed in [2], [3], [5], [12], [15]. This contribution provides further consideration on how to rotate the main direction and randomisation of principle channel direction. 
2 CQI tests
2.1 Reporting mode selection for static CQI test and frequency no-selective CQI test
Simulation results for static CQI test had been shown in [1], [3], [6], [8], [11], [13], [15]. SNR test points had been agreed that SNRs for FDD static CQI test are [7 or 8 dB], [13 or 14 dB] and SNRs for TDD static CQI test are [4 or 5 dB], [10 or 11 dB].
CodeBookSubsetRestriction bitmap for static CQI test is 0x0000 0000 0020 0000 0000 0001 0000 [16], which means that W1 is equal to 0 and W2 is equal to 0. According to 36.213 and agreed framework, PUCCH 1-1 submode 1 or PUCCH 1-1 submode 2 are the candidate reporting modes for static CQI test.
According to the Table 1 based on agreed framewok, when collisions between RI, W1, CQI, W2 and HARQ-ACK occur, in this case PUSCH is scheduled in subframe 2, RI/W1 and HARQ-ACK will be multiplexed every 160ms; when collisions between CQI, W2 and HARQ-ACK occur, in this case PUSCH is scheduled in subframe 2 and 5, CQI/W2 and HARQ-ACK will be multiplexed. According to the Table 2, when collisions between RI, W1, CQI, W1 and HARQ-ACK occur, in this case PUSCH is scheduled in subframe 2, RI and HARQ-ACK will be multiplexed every 160ms, when collisions between CQI, W1,W2 and HARQ-ACK occur, in this case PUSCH is scheduled in subframe 2 and 5, CQI, W1, W2 and HARQ-ACK will be multiplexed. 
In the yellow grid in Table 1, CQI and W2 would be droped; in the yellow grid in Table 2, CQI, W1 and W2 would be droped. W1 selection has much impact on the system performance; in this case there is much impact on the performance in high correlation channel. It is unclear that TE follows the CQI that UE reports in the yellow grid. So this issue should be clarified in current framework. There are some mistakes of reporting type as shown in Table 1 and Table 2 in red parts. Hence the configuration depicted above is proposed as a way forward in Annex A.
Fixed PMI has been adopted for static CQI test, but PMI selection for frequency non-selective CQI test is still FFS. In order to complete the dual-codeword CQI test and leave the freedom for frequency non-selective CQI test.  PUCCH 1-1 submode 2 reporting mode can be adopted for static CQI test and PUCCH submode 1 can be adopted for frequency non-selective CQI test.

Table 1: PUCCH 1-1 submode 1 reporting
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Table 2: PUCCH 1-1 submode 2 reporting

	Subframe index
	0
	1
	2
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2.2 PUCCH 1-1 fading test

Testing point selection:

Figure 1 and Figure 2 show the adptive CQI distribution [0 16] for FDD and TDD. 
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Figure 1: CQI distribution for FDD
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Figure 2: CQI distribution for TDD
The CQI distribution not in [median CQI -1, median CQI +1] decreases with SNR increasing as shown in Figure 1 for 4x2. The CQI distribution not in [median CQI -1, median CQI +1] sharply decreases after SNR is larger than 12dB. Same results can be seen in Figure 2. When post-combining SNR is higher than the highest CQI level threshold, BLER becomes smaller with the SNR increase [5]. 
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.

Fixed PMI 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. If fixed PMI is adopted, PUCCH 1-1 submode 2 could be selected for this test.
2.3 PUSCH 3-1 fading test

TX antenna number selection
Figure 3 shows the results for SNR = 6 dB with perfect timing for 2x2 and 4x2. There is little difference between them. Furthermore PUSCH 3-1 reporing mode with 8Tx has been evaluated in single PMI test, so it makes sense to simplify the antenna configuration from 4x2 to 2x2.
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Figure 3: Sub-band differential CQI distribution
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 frequeny-no selective 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 4 TX ports
Absolute throughput for 4TX single PMI test (FDD) is shown in Figure 4a. Absolute throughput for FDD 4TX multi-PMI test is shown in Figure 4b. Throughput ratios of FDD 4TX single PMI and multi-PMI test are shown in Figure 4c. We can find that the requirement of 60% of the maximum throughput obtained at 
[image: image5.wmf]rnd

SNR

using random precoding can be reused in Rel-10.

Proposal 4: Verification point 
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[image: image7.wmf]rnd

SNR

 for Rel-10 PMI test.
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Figure 4: 4TX PMI simulation results 

4 PMI tests with 8 TX ports
First of all, we recall the way forward from RAN4#60bis meeting on 8Tx TDD PMI test:

· Randomisation of principle channel direction:

· How to model?

· Do we need it for multiple-PMI tests?

· Test metric for the multiple-PMI test:

· Separate or joint testing of W1 and W2?

· Reference for random precoding?

· Random W1 & random W2

· Follow W1 & random W2 

· Fixed PMI for W1 and/or W2

· Random W1 & follow W2
· Test point definition for the single- and multiple-PMI tests?

· Common test point @ x% of Tran
· Actual SNR test point
In this section, we discuss the remaining issues for 8-Tx PMI testing. 
4.1 PUSCH 3-1 single PMI test

4.1.1 Randomization of principle channel direction

Several methods of randomizing principle channel direction had been proposed in [2], [3], [5], [12], [15]. Two main rotation methods can be summarized below:

Option 1: Randomisation of principle channel direction by random angle. 
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 is shown in Figure 5, where
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, we can find that when 
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is large than 2, instantaneous rotation angles cannot sweep one whole circle (less than
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) in 10000 valid downlink subframe, which means that not all the W1 indices have the probability to be selected. When 
[image: image24.wmf]n

is less than 2, instantaneous rotation angles can sweep several circles in 10000 valid downlink subframes. However, non-uniform distribution of angles causes unequal probability for each W1 index to be selected, which impacts the performance for each test.
· Disadvantages 

· At least three parameters e.g. 
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, μ ε and σ2 should be decided, which might increase workload for RAN4.

· It might be difficult to align the simulation results among all companies.

· Advantage: This mothod is good enough to avoid cheat in the test 

· If this method is adopted, our proposal on rotation angle is
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Option 2: Randomization of principle channel direction by phase increment of each subframe. 
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 at the k-th subframe, 
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is a random start value。
The number of subframes interval between two retransmissions is not less than 8 in one transmission process, maximum retransmission is 4, so minmum relevant time is 32ms for one beam grid. There are 32 beam grids for 8TX codebook, so rate of change in one subframe is less than
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. Considering the implementation margin, it is reasonable that 
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is less than 0.001, so there are 10 circles/sweeps in 10000 valid downlink subframes. 
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 can be set to 0 since it is difficult for UE to know the initial phase.
· Disadvantage: none.

· Advantages: 
· Only one pararmeter needs to be selected.
· There is equal probability for each of W1 indices.
· Linear variation. No phase changed boundary.

· Good enough to avoid cheat in the test.
· If this method is adopted, we propose that rotation angle is
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Figure 5: Randomisation of principle direction 

4.1.2 Test metric for single PMI test
There are three test metric options for PMI test

Option 1:  the Rel-8 methodology： [X]% of the maximum throughput obtained at 
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 using random precoding
Disadvange: Simulation results of follow PMI and random PMI are shown in Figure 6. Blue curve is the result with advanced PMI selection algorithm and red dot line is the result with poor PMI selection algorithm (imaginary). When the percentage of maximum throughput of random PMI selection is larger than 30%, the two selection algorithms have the same throughput gain. If we lower the the percentage of maximum throughput of random PMI selection to 10%~20%, we can find the throughput of follow PMI would increase sharply but the throughput of random PMI increase slowly in the ellipse region. A small test turbulence around [X]% of the maximum throughput would cause huge difference of throughput ratio as shown in Figure 7.
Option 2: similar methodology as Rel-8: [X]% of the maximum throughput obtained at 
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 using followed precoding.
Advantage:  it is easy to find the test point of [X]% of the maximum throughput obtained at 
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 using followed precoding since the throughput increases sharply in the ellipse region.
Option 3: new methodology: fixed SNR value to test the throughput ratio
Advantage: test point is fixed.
Disadvantage: there might be increased workload to align the simulation results among all the companies.
Considering the test robustness and RAN4 workload, the Option 2 is recommended for this test. 
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Figure 6: Single PMI throughput
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Figure 7: Single PMI throughput ratio

4.2 PUSCH 1-2 multiple PMI test

Figure 10 shows the throughput of multiple PMI performance in EVA5 channel. Considering that this test focuses on W2 selection performance, we prefer using fixed W1 and follow W2 to rule out the performance gain from W1. It seems there is no need for the randomization of principle channel direction since this test focuses on W2 test only. 
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Figure 8: multiple PMI throughput 
5 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: PUCCH 1-1 submode 2 reporting mode can be adopted for static CQI test and PUCCH 1-1 submode 1 can be adopted for frequency non-selective CQI test.
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. PUCCH 1-1 submode 2 can be adopted for frequency non-selective CQI test
3.  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. PMI is proposed to be fixed or restricted to a subset.
For PMI test:

The PUSCH 3-1 single PMI test: 
1. Random selected is proposed for single PMI test and the would not change in whole test. rotation angle is
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2. [X]% of the maximum throughput obtained at 
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 using followed precoding can be adopted for testing point.
The PUSCH 1-2 multiple PMI test: 
1. Fixed W1 and follow W2 is reasonable for multiple PMI test.
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Annex A:

Table.2  Initial baseline simulation assumptions for CQI reporting definition under AWGN conditions for TDD
	Parameter
	Unit
	Test 1
	Test 2

	Bandwidth
	MHz
	10

	PDSCH transmission mode
	
	9

	Uplink downlink configuration
	
	2

	Special subframe configuration
	
	4

	Downlink power allocation
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	dB
	-3
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	dB
	-3

	CRS reference signals
	
	Antenna ports [0, 1]

	CSI reference signals
	
	Antenna ports [15,…,22]

	CSI-RS periodicity and subframe offset
TCSI-RS / ICSI-RS
	
	[5/ 3]

	CSI-RS reference signal configuration
	
	[0]

	Propagation condition and antenna configuration
	
	8x2 static channel

	CodeBookSubsetRestriction bitmap
	
	[0x0000 0000 0020 0000 0000 0001 0000]

	Reporting mode
	
	PUCCH 1-1 (Sub-mode 2)

	SNR (Note 2)
	dB
	4
	5
	10
	11
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	dB[mW/15kHz]
	-94
	-93
	-88
	-87
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	dB[mW/15kHz]
	-98
	-98

	Max number of HARQ transmissions
	
	1

	Physical channel for CQI/PMI reporting
	
	PUSCH (Note 3)

	PUCCH Report Type for CQI/PMI
	
	2c

	Physical channel for RI reporting
	
	PUSCH 

	PUCCH Report Type for RI
	
	3

	Reporting periodicity 
	ms
	Npd = 5

	CQI delay
	ms
	10 or 11

	cqi-pmi-ConfigurationIndex
	
	3

	ri-ConfigIndex
	
	805 (Note 4)

	ACK/NACK feedback mode
	
	Multiplexing

	Note 1:
Reference measurement channel according to Table [A.4-X] with one sided dynamic OCNG Pattern OP.1 FDD as described in Annex A.5.1.1.
Note 2:
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.

Note 3:
To avoid collisions between CQI/PMI reports and HARQ-ACK it is necessary to report both on PUSCH instead of PUCCH. PDCCH DCI format 0 shall be transmitted in downlink SF#3 and #8 to allow periodic CQI/PMI to multiplex with the HARQ-ACK on PUSCH in uplink SF#7 and #2..
Note 4:
RI reporting interval is set to the maximum allowable length of 160ms to minimise collisions between RI, CQI/PMI and HARQ-ACK reports. In the case when all three reports collide, it is expected that CQI/PMI reports will be dropped, while RI and HARQ-ACK will be multiplexed. At eNB, CQI report collection shall be skipped every 160ms during performance verification and the reported CQI in subframe SF#7 in last frame is used to subframe SF#3 and #4 in next frame.


Table 4  Initial test cases for CQI reporting under fading conditions (Frequency non-selective scheduling) for TDD
	Parameter
	Unit
	Test 1
	Test 2

	Bandwidth
	MHz
	10 MHz

	Transmission mode
	
	9

	Uplink downlink configuration
	
	2

	Special subframe configuration
	
	4

	Downlink power allocation
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	SNR (Note 3)
	dB
	TBD
	TBD
	TBD
	TBD
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	dB[mW/15kHz]
	-98
	-98

	Propagation channel
	
	EPA5

	Correlation and antenna configuration
	
	[XP or ULA High (8 x 2)]

	CRS reference signals
	
	Antenna ports 0, 1

	CSI reference signals
	
	Antenna ports 15,…,22

	CSI-RS periodicity and subframe offset
TCSI-RS / ICSI-RS
	
	[5/ 3]

	CSI-RS reference signal configuration
	
	[2]

	CodeBookSubsetRestriction bitmap
	
	[ 0x0000 0000 0020 0000 0000 0001 0000]

	Reporting mode
	
	PUCCH 1-1 (Sub-mode 1)

	Reporting periodicity
	ms
	Npd = [5]

	CQI delay
	ms
	[10 or 11]

	 Physical channel for CQI/ PMI reporting
	
	PUSCH (Note 4)

	PUCCH Report Type for CQI/ PMI
	
	2b

	Physical channel for RI reporting
	
	PUSCH

	PUCCH report type for RI
	
	5

	cqi-pmi-ConfigurationIndex
	
	[3]

	ri-ConfigIndex
	
	805 (Note 5)

	Max number of HARQ transmissions
	
	1

	ACK/NACK feedback mode
	
	Multiplexing

	Note 1:
If the UE reports in an available uplink reporting instance at subframe SF#n based on CQI estimation at a downlink SF not later than SF#(n-4), this reported wideband CQI cannot be applied at the eNB downlink before SF#(n+4)

Note 2:
Reference measurement channel according to Table A.4-1 for Category 2-5 with one sided dynamic OCNG Pattern OP.1 FDD as described in Annex A.5.1.1 and Table A.4-7 for Category 1 with one/two sided dynamic OCNG Pattern OP.1/2 FDD as described in Annex A.5.1.1/2.

Note 3:
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. 

Note 4:
To avoid collisions between CQI/ PMI reports and HARQ-ACK it is necessary to report both on PUSCH instead of PUCCH. PDCCH DCI format 0 shall be transmitted in downlink SF#3 and #8 to allow periodic CQI/ PMI to multiplex with the HARQ-ACK on PUSCH in uplink subframe SF#2 and #7.
Note 5:
RI reporting interval is set to the maximum allowable length of 160ms to minimise collisions between RI, CQI/PMI and HARQ-ACK reports. In the case when all three reports collide, it is expected that CQI/PMI reports will be dropped, while RI and HARQ-ACK will be multiplexed. At eNB, CQI report collection shall be skipped every 160ms during performance verification and the reported CQI in subframe SF#7 in last frame is used to subframe SF#3 and #4 in next frame.



PAGE  
12

_1380976864.unknown

_1381127095.unknown

_1381227014.unknown

_1382170349.unknown

_1382170361.unknown

_1382179701.unknown

_1381234118.unknown

_1381384778.unknown

_1381134520.unknown

_1381060023.unknown

_1381125929.unknown

_1381126159.unknown

_1381126375.unknown

_1381060092.unknown

_1380976872.unknown

_1380977347.unknown

_1378797850.unknown

_1380975916.unknown

_1380976720.unknown

_1380976791.unknown

_1380976706.unknown

_1379166049.unknown

_1380975853.unknown

_1378798024.unknown

_1367244727.unknown

_1367244736.unknown

_1367244738.unknown

_1378035012.unknown

_1367244739.unknown

_1367244737.unknown

_1367244729.unknown

_1367244735.unknown

_1367244728.unknown

_1367244725.unknown

_1367244726.unknown

_1299561731.unknown

