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1. Introduction

In RAN4#59 AH，PMI reporting accuracy requirements was further discussed. There were still some remaining issues for TDD PMI reporting as following.
· Identify test scenarios in terms of channel model & spatial correlation

· 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?
In this paper, we focused on these issues of PMI reporting accuracy test for TDD and gave our comments.
2. PMI reporting for 8 Tx antennas
According to CSI test framework [1], we tested the performance for PMI reporting in high spatial correlation and the simulation results were shown in Figure 1- 4. 
Figure 1 and Figure 2 show the results for single PMI. Figure 1 presents relative throughput curves of three kinds of reporting types respectively. Figure 2 presents the ratio of follow W1 & random W2 throughput and random W1 & random W2 throughput i.e. W1 precoding gain.
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Figure 1 Relative throughput for single PMI under high correlation
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Figure 2 W1 Precoding gain for single PMI under high correlation

Figure 3 and Figure 4 show the results for single PMI. Figure 3 presents relative throughput curves of four kinds of reporting types respectively. Figure 4 presents the ratio of follow W1 & random W2 throughput and random W1 & random W2 throughput i.e. W1 precoding gain.
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Figure 3 Relative throughput for multiple PMI under high correlation

[image: image4.emf]0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

1

1.5

2

2.5

3

3.5

4

4.5

5

5.5

6

Relative throughput for random PMI

Precoding Gain


Figure 2 W1 Precoding gain for multiple PMI under high correlation
Spatial correlation

· Single PMI:

Use of high correlation is required in order to reflect the large precoding gain through W1. Others, the variability of precoding component W1 selection will be needed to ensure in test process. But the original high spatial correlation can’t meet this requirement. In RAN4#59 AH, contribution [2] proposed a high spatial correlation channel with random principal channel direction which varies slowly. We agree this view.
· Multiple PMI:

From Figure 3 we can see that the precoding gain is mainly provided by component W1 for multiple PMI in high spatial correlation. The W2 precoding gain is not large enough for performance requirements. So, low spatial correlation channel might be more suitable for W2 test in multiple PMI.
Proposal1: Low spatial correlation channel might be more suitable for W2 test in multiple PMI.
Reference for random precoding
For the dual codebook, both the two components are reported jointly in the practical application. Component W1 matches the principal channel direction, while component W2 is selected further from the corresponding sixteen different phases. Thus, the selection for component W1 defines the codebook set of component W2 e.g. follow W1 defines the optimal W2 codebook set. Hence, accuracy of W1 selection affects the W2 precoding gain. 
· W1 test: 
Based on separation of the two component precoding gains, it is considered below:
1. Random W1 & random W2: This scheme will be used to compare follow W1 & random W2 with random W1 & random W2. There are not W2 precoding gains in both follow W1 & random W2 and random W1 & random W2. And component W1 performance test can be independent of component W2. Therefore, random W1 & W2 should be the reference for random precoding for W1 test.
2. Random W1 & follow W2: This reference will be used to compare follow W1 & follow W2 with random W1 & follow W2. The W2 precoding gain in the former is under reporting W1, while the W2 precoding gain in the latter is under random W1. W2 precoding gains for these two mechanisms are different so that W1 gain and W2 gain couldn’t be separated in test. So this scheme couldn’t be random precoding reference for W1 test.
· W2 test:

As described above, accuracy of W1 selection affects the W2 precoding gain. Component W2 precoding gains with different random precoding references are different. Hence, we should consider both W1 reporting gain and W2 reporting gain were separated and which component W2 precoding gain is suitable for W2 test requirements.

1. Follow W1 & random W2: This scheme will be used to compare follow W1 & follow W2 with follow W1 & random W2. This scheme presents the ratio of follow W2 throughput and random W2 throughput in the optimal W2 codebook set. In the practical application, component W1 and W2 are reported jointly i.e. follow W1 & follow W2. Hence, we should verify the W2 precoding gain with follow W1. So we proposed that this scheme should be set to the reference for random precoding for W2 test.
2. Random W1 & random W2: This scheme will be used to compare random W1 & follow W2 with random W1 & random W2. And it presents the ratio of follow W2 throughput and random W2 throughput in the random W2 codebook set. It is not conducive to separation of W1 gain and W2 gain that the direction of W1 is chose randomly. Moreover, this W2 gain doesn’t equal the W2 precoding gain from the optimal W2 codebook set. Because in this method, W1 points to the random direction and this direction deviates from the main channel direction more probably. The W2 gain in this scheme is larger than the W2 gain in scheme 1. 
3. Fixed W1 & random W2: This scheme will be used to compare fixed W1 & follow W2 with fixed W1 & random W2. And it presents the ratio of follow W2 throughput and random W2 throughput in the fixed W2 codebook set. As the directions of W1 are fixed and same, W1 gains in fixed W1 & follow W2 and in fixed W1 & random W2 are same. The precoding gains of two PMI components (W1 and W2) can be separated. But if either high correlation channel with random principal direction or low correlation channel is used, this W2 gain doesn’t equal the precoding gain through follow W2 from the optimal W2 codebook set. The same to scheme 2, component W1 doesn’t match the principal channel direction in most of the time. The W2 gain in this scheme is larger than the W2 gain in scheme 1 in this case.
From figure 3, it is justified that the W2 precoding gain in scheme 2 is larger than in scheme 1. According to the above views, only three throughputs are required for either single PMI or multiple PMI and test cases are reduced.
Proposal2: Random W1 & W2 should be the reference for random precoding for W1 test. And follow W1 & random W2 should be the reference for random precoding for W2 test.
Test point
In W1 test, the throughput of follow W1 & random W2 is compared with random W1 & random W2. As can be known from figure 1 and figure 3, the relative throughput of follow W1 reaches full in relative low SNR. On the contrary, the relative throughput of random W1 rises slowly and corresponds with the large SNR span. While random W1 relative throughput reaches forty percent, follow W1 relative throughput is close to 1. Therefore, the test point for 60 % of the maximum throughput of the random precoding couldn’t satisfy the requirement for 8Tx PMI test. The test point might be modified to 30%.
Proposal3: The test point of W1 for 8Tx PMI reporting might be set to 30% of the maximum throughput of the random precoding in high correlation.
3. Conclusions

In this contribution, we further discussed the performance requirements for TDD PMI reporting. Some proposals were summarized below:
Proposal1: Low spatial correlation channel might be more suitable for W2 test in multiple PMI.
Proposal2: Random W1 & W2 should be the reference for random precoding for W1 test. And follow W1 & random W2 should be the reference for random precoding for W2 test.
Proposal3: The test point of W1 for 8Tx PMI reporting might be set to 30% of the maximum throughput of the random precoding in high correlation.
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Annex A
Annex A.1 Simulation assumptions
Table A.1  initial baseline test assumptions for PMI reporting accuracy
	Parameter
	Unit
	Single PMI(TDD)
	Multiple PMI(TDD)

	Bandwidth
	MHz
	10
	10

	Transmission mode
	
	9
	9

	Uplink downlink configuration
	
	1
	1

	Special subframe configuration
	
	4
	4

	Propagation channel
	
	[EVA5]
	[EVA5]

	Precoding granularity
	PRB
	50
	6

	Correlation and antenna configuration
	
	[High]
XP 8 x 2
	[High]
XP 8 x 2

	CRS antenna ports number
	
	2
	2

	CodeBookSubsetRestriction bitmap
	
	[0x000 0000 0001 FFE0 0000 0000 FFFF]
	[0x000 0000 0001 FFE0 0000 0000 FFFF]

	CSI-RS SubframeConfig
	
	[4]
	[4]

	CSI-RS reference signal configuration
	
	[0]
	[4]

	Downlink power allocation
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	dB
	-3
	-3

	
	
[image: image6.wmf]B

r


	dB
	-3
	-3
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	dB
	[-6]
	[-6]

	Reporting mode
	
	PUSCH 3-1
	PUSCH 1-2

	Reporting interval
	ms
	5
	5

	 PMI delay 
	ms
	[10]
	[10]

	Measurement channel
	
	[Table A.4] 
	[Table A.4]

	OCNG Pattern
	
	OP.1 FDD
	OP.1 TDD

	[Subframe offset CSI reporting]
	
	[4]
	[4]

	Modulation and Coded rate
	
	[QPSK 1/3]
	[16QAM 1/2]

	Max number of HARQ transmissions
	
	4
	4

	Redundancy version coding sequence
	
	{0,1,2,3}
	{0,1,2,3}

	ACK/NACK feedback mode
	
	Multiplexing
	Multiplexing

	Note 1:
For random precoder selection, the precoders shall be updated in each available downlink transmission instance

Note 2:
If the UE reports in an available uplink reporting instance at subrame SF#n based on PMI estimation at a downlink SF not later than SF#(n-4), this reported PMI cannot be applied at the eNB downlink before SF#(n+4) 




Annex A.2 Reference measurement channel
Table A.2 Reference measurement channel 50 PRB allocation based on CSI-RS estimation (TDD)
	Reference channel
	
	R.44 TDD
	R.45 TDD
	

	Channel bandwidth
	MHz
	10
	10
	

	Allocated resource blocks
	
	504
	504
	

	Uplink-Downlink Configuration (Note 3)
	
	1
	1
	

	Allocated subframes per Radio Frame (D+S)
	
	4+2
	4+2
	

	Modulation
	
	QPSK
	16QAM
	

	Target Coding Rate
	
	1/3
	1/2
	

	Information Bit Payload
	
	
	
	

	  For Sub-Frames 4,9 (CSI-RS subframe)
	Bits
	3624
	11448
	

	  For Sub-Frames 1,6 
	Bits
	2664
	7736
	

	  For Sub-Frame 5
	Bits
	n/a
	n/a
	

	  For Sub-Frame 0
	Bits
	2984
	9528
	

	Number of Code Blocks per Sub-Frame
(Note 5)
	
	
	
	

	  For Sub-Frames 4,9 (CSI-RS subframe)
	
	1
	2
	

	  For Sub-Frames 1,6
	
	1
	2
	

	  For Sub-Frame 5
	
	n/a
	n/a
	

	  For Sub-Frame 0
	
	1
	2
	

	Binary Channel Bits Per Sub-Frame
	
	
	
	

	  For Sub-Frames 4,9 (CSI-RS subframe)
	Bits
	11200
	22400
	

	  For Sub-Frames 1,6
	Bits
	7872
	15744
	

	  For Sub-Frame 5
	Bits
	n/a
	n/a
	

	  For Sub-Frame 0
	Bits
	9840
	19680
	

	Max. Throughput averaged over 1 frame
	Mbps
	1.556
	4.7896
	

	UE Category
	
	1-8
	2-8
	

	Note 1:
2 symbols allocated to PDCCH for 20 MHz, 15 MHz and 10 MHz channel BW; 3 symbols allocated to PDCCH for 5 MHz and 3 MHz; 4 symbols allocated to PDCCH for 1.4 MHz. For subframe 1&6, only 2 OFDM symbols are allocated to PDCCH.

Note 2:
Reference signal, synchronization signals and PBCH allocated as per TS 36.211 [4].
Note 3:
As per Table 4.2-2 in TS 36.211 [4].
Note 4:   50 resource blocks are allocated in sub-frames 4,9 and 41 resource blocks (RB0–RB20 and RB30–RB49) are allocated in sub-frame 0,1,6
Note 5:      If more than one Code Block is present, an additional CRC sequence of L = 24 Bits is attached to each Code Block (otherwise L = 0 Bit).
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