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1. Introduction
From last RAN4 meeting, RAN4 started the WI work of defining performance requirements of certain new features introduced in Rel-14 enhanced FD-MIMO [1].  And agreements were achieved for further evaluation on PMI test of CSI-RS Class A in the WF [2].  
· Test 1 Single PMI test case : EPA5Hz, PUSCH 3-1 mode, CDM4, (O1,O2) = (8,4), (N1,N2) = (3,4) 
· Antenna Ports:
· 24 ports (N1,N2) =  (3,4)
· Test 1-a: without CSI-RS density reduction 

· Test 1-b: with CSI-RS density reduction
· d =1/3, Comb-offset list: {0,1,2} 
· Pending on UE capability for supporting CSI-RS density reduction, pick up one of above test case to pass 

· Test 2 Multiple PMI test case(32 ports) : EVA5Hz, PUSCH 1-2 mode, CDM8, (O1,O2) = (8,4),(N1,N2) = (4,4), d=1
· MCS and Rank
· Single PMI test case: 
· Option1: 16QAM ½ Rank2
· Option2: 64QAM ½  Rank1
· Multiple PMI test case
· Option 1: 16QAM ½ Rank2
· Option 2: 64QAM ½ Rank2
· Reusing existing  values for parameters α1, α2, β and γ for high spatial correlation 
In this contribution, we provide simulation results based on the agreed simulation assumptions provided in [3]. The detailed simulation parameters are attached in the Annex.

2. Discussion
According to the agreements in the WF [2], the test metric of the Rel-13 Class A PMI test case can be reused in Rel-14 Class A PMI test case as a baseline which are as follows:
The requirements for transmission mode 9 with 24 TX and 32 TX are specified in terms of the ratio
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In the definition of γ, for PUSCH 3-1 single PMI and PUSCH 1-2 multiple PMI requirements, 
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 is  [x]% of the maximum throughput obtained at 
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 using the precoders configured according to the UE reports, and 
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is the throughput measured at 
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with random precoding.
In this section, simulation results for single PMI and multiple PMI test cases are provided.
2.1. Simulation parameters

Table1 Main parameters for simulations
	Parameters
	Values

	Antenna port number
	24 or 32

	Antenna configuration
	(N1,N2) = (3,4) ,(O1,O2) = (8,4)
 (N1,N2) = (4,4), (O1,O2) = (8,4)

	MCS and RANK
	24 ports:

16QAM, RANK2

64QAM,RANK1

32 ports:

      16QAM, RANK2

       64QAM, RANK2

     (see FRC table below for MCS)

	CSI-RS CDM  type
	CDM4 for 24 ports,CDM8 for 32 ports

	Fading channel
	EPA 5

	Transmission mode
	TM9

	CSI  feedback mode 
	PUSCH 3-1 for 24 ports

PUSCH 1-2 for 32 ports

	CSI-RS density reduction
	1 or

1/3, offset{0,1,2}


Table2. FRC table for the single & multiple PMI test cases
	Paramter
	Unit
	Class A PMI Test case

	Reference channel
	　
	24 CSI-RS ports
2 CRS ports
16QAM 1/2, Rank2
With out/With CSI-RS density reduction
	24 CSI-RS ports
2 CRS ports
64QAM 1/2, Rank1
With out/With CSI-RS density reduction
	32 CSI-RS ports
2 CRS ports
16QAM 1/2, Rank2
	32 CSI-RS ports
2 CRS ports
64QAM 1/2, Rank2

	Duplex Mode
	　
	FDD
	FDD
	FDD
	FDD

	Channel bandwidth
	MHz
	10
	10
	10
	10

	Allocated resource blocks (Note 1)
	　
	50
	50
	50
	50

	Allocated subframes per Radio Frame 
	　
	9
	9
	9
	9

	Modulation
	　
	16QAM
	64QAM
	16QAM
	64QAM

	Target Coding Rate
	　
	1/2
	1/2
	1/2
	1/2

	Information Bit Payload
	　
	　
	　
	　
	　

	  For Sub-Frames (Non CSI-RS subframe)
	Bits
	11448 (MCS 13)
	18336 (MCS 19)
	11448 (MCS13)
	18336 (MCS 19)

	  For Sub-Frames (CSI-RS subframe)
	Bits
	9912 (MCS 12)/
11448 (MCS 13)
	15264 (MCS 17) (Note 2) 
16416 (MCS 18)
	8760 (MCS 11)
	15264 (MCS 17) (Note3) 

	  For Sub-Frames (ZeroPowerCSI-RS subframe)
	Bits
	N/A
	N/A
	N/A
	N/A

	  For Sub-Frame 5
	Bits
	N/A
	N/A
	N/A
	N/A

	  For Sub-Frame 0
	Bits
	9528 (MCS 13)
	14688 (MCS 19)
	9528 (MCS 13)
	14688 (MCS 19)

	Number of Code Blocks per Sub-Frame
	　
	　
	　
	　
	　

	  For Sub-Frames (Non CSI-RS subframe)
	　
	2
	3
	2
	3

	  For Sub-Frames (CSI-RS subframe)
	　
	2
	3
	2
	3

	  For Sub-Frames (ZeroPowerCSI-RS subframe)
	Bits
	N/A
	N/A
	N/A
	N/A

	  For Sub-Frame 5
	　
	N/A
	N/A
	N/A
	N/A

	  For Sub-Frame 0
	　
	2
	3
	2
	3

	Binary Channel Bits Per Sub-Frame
	　
	　
	　
	　
	　

	  For Sub-Frames (Non CSI-RS subframe)
	Bits
	24000
	36000
	24000
	36000

	  For Sub-Frames (CSI-RS subframe)
	Bits
	19200/22400
	28800/33600
	17600
	26400

	  For Sub-Frames (ZeroPowerCSI-RS subframe)
	Bits
	N/A
	N/A
	N/A
	N/A

	  For Sub-Frame 5
	Bits
	N/A
	N/A
	N/A
	N/A

	  For Sub-Frame 0
	Bits
	19680
	29520
	19680
	29520

	Max. Throughput averaged over 1 frame
	Mbps
	9.8040/10.1112
	15.5232  /15.7536
	9.5736
	15.5232

	UE Category
	　
	≥ 2
	≥ 2
	≥ 2
	≥ 2

	Note1:50 resource blocks are allocated in sub-frames 1, 2, 3, 4, 6, 7, 8, 9 and 41 resource blocks (RB0–RB20 and RB30–RB49) are allocated in sub-frame 0;
Note2: Actual coding rate over 0.53  
Note2: Actual coding rate over 0.58  




2.2. Impact of CSS Configuration
In the Rel-13 FD-MIMO WI, negligible performance differences have been observed for different Codebook-Subset-Selection Configurations. The following simulations are given to further evaluate the difference for the chosen CSI-RS port test cases in Rel-14 eFD-MIMO.
For Single PMI test case (CSI-RS ports, 64QAM RANK1 d=1/3):
[image: image6.emf]-6 -4 -2 0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30

0

2000

4000

6000

8000

10000

12000

14000

16000

SNR [dB]

Tput [kbps]

Single PMI 24P(2,6,8,4), 64QAM, Rank1, CDM4, d=1/3, EPA5Hz

 

 

Follow PMI,    Config2

Follow PMI,    Config1

Follow PMI,    Config3

Follow PMI,    Config4

Random PMI, Config2


                                                   Figure.1 single PMI --  absolute throughput 
For Multiple PMI test case (32CSI-RS ports, 16QAM RANK2  d=1):
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                                                   Figure.2  multiple PMI—absolute throughput
Observation 1:  From simulation we can observe that there is negligible performance difference between different CSS configurations. Aligned with Rel-13 FD-MIMO, requirements can be specified without any constraints of the CSS configurations. So in the following simulations, we choose CSS config.2 instead of all the Config 1-4. 
Proposal 1: Specify the same requirements for different CSS configurations.
2.3. Single PMI test case 
24 CSI-RS ports 64QAM RANK1
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                           Figure3. single PMI  --absolute throughput
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                         Figure1. single PMI -- throughput ratio
24 CSI-RS ports 16QAM RANK2
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                           Figure3. single PMI  --absolute throughput
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Figure6. single PMI -- throughput ratio
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                             Figure7. single PMI  - throughput ratio comparision
Table 3. SNR to achieve [x]% of maximum throughput with follow PMI and throughput ratio for single PMI test
	FRC
	Ratio x
	70%
	75%
	80%
	85%
	90%
	95%

	64QAM RANK1
	d=1
	SNR(dB)
	-1.09
	-0.53
	0.04
	0.82
	1.90
	3.70

	
	
	γ
	29.15
	24.47
	20.90
	16.80
	13.00
	8.15

	
	d=1/3
	SNR(dB)
	-1.37
	-0.83
	-0.16
	0.66
	1.75
	3.43

	
	
	γ
	29.79
	26.10
	21.81
	17.84
	13.38
	9.03

	16QAM RANK2
	d=1
	SNR(dB)
	3.29
	4.17
	5.21
	6.41
	7.76
	9.61

	
	
	γ
	13.24
	10.70
	8.80
	7.63
	6.06
	4.77

	
	d=1/3
	SNR(dB)
	3.31
	4.19
	5.17
	6.38
	7.73
	9.45

	
	
	γ
	13.72
	11.36
	9.15
	7.67
	6.32
	4.92


Observation 2: The table shows the throughput ratio of  x={70%,75%,…90%,95%} and SNR points are all likely in an operating region. However, the gamma metric is rather high because of the poor random PMI throughput performance. Considering of the testability, 95% of the max. throughput test point is proposed to specify the requirements. The table shows the required SNR values are from 3.4dB to 9.6dB and the gamma values are from 4.8 to 9.03.
Proposal 2:  Specify single PMI test at 95% of the max. throughput to maintain testability of the random PMI throughput.
Proposal 3:  Considering the test coverage, 16QAM RANK2 with CSI-RS density reduction test case is proposed to specify the single PMI performance requirement for the 24CSI-RS ports.
2.4.   Multiple PMI test case

32CSI-RS ports RANK2
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Figure3. single PMI test case of 32 CSI-RS ports
Table 4. SNR to achieve [x]% of maximum throughput with follow PMIand throughput ratio for the multiple PMI test
	FRC
	Ratio x
	70%
	75%
	80%
	85%
	90%
	95%

	64QAM RANK2

	SNR(dB)
	1.52
	2.31
	3.04
	3.87
	5.09
	6.61

	
	γ
	19.55
	16.08
	13.34
	10.77
	8.99
	7.00

	16QAM RANK2
	SNR(dB)
	6.99
	7.63
	8.35
	9.20
	10.13
	11.51

	
	γ
	19.68
	17.04
	14.44
	11.82
	9.72
	7.72


Observation 3:  The table shows the throughput ratio of  x={70%,75%,…90%,95%} and SNR points are all likely in an operating region. However, the gamma metric is rather high because of the poor random PMI throughput performance. Considering of the testability, 95% of the max. throughput test point is proposed to specify the requirements. The table shows the required SNR values are from 6.6dB to 11.5dB and the gamma values are from 7.0 to 7.7.
Proposal 4: Specify multiple PMI test at 95% of the max. throughput to maintain testability of the random PMI throughput.
Proposal 5:  The 64QAM RANK2 test case is proposed to specify the multiple PMI performance requirement for the 32 CSI-RS ports.
3.   Conclusion
From the above simulations of CSI-RS Class A, we have the following suggestions:
Proposal 1:  Specify the same requirements for different CSS configurations.
Proposal 2:  Specify single PMI test at 95% of the max. throughput to maintain testability of the random PMI throughput.

Proposal 3:  Considering the test coverage, 16QAM RANK2 with CSI-RS density reduction test case is proposed to specify the single PMI performance requirement for the 24CSI-RS ports.
Proposal 4: Specify multiple PMI test at 95% of the max. throughput to maintain testability of the random PMI throughput.

Proposal 5:  The 64QAM RANK2 test case is proposed to specify the multiple PMI performance requirement for the 32 CSI-RS ports.
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Annex:

FRC for the test cases of evaluation
	Paramter
	Unit
	Class A PMI Test case

	Reference channel
	　
	24 CSI-RS ports
2 CRS ports
16QAM 1/2, Rank2
With out/With CSI-RS density reduction(d=1/3)
	24 CSI-RS ports
2 CRS ports
64QAM 1/2, Rank1
With out/With CSI-RS density reduction(d=1/3)
	32 CSI-RS ports
2 CRS ports
16QAM 1/2, Rank2
	32 CSI-RS ports
2 CRS ports
64QAM 1/2, Rank2

	Duplex Mode
	　
	FDD
	FDD
	FDD
	FDD

	Channel bandwidth
	MHz
	10
	10
	10
	10

	Allocated resource blocks (Note 1)
	　
	50
	50
	50
	50

	Allocated subframes per Radio Frame 
	　
	9
	9
	9
	9

	Modulation
	　
	16QAM
	64QAM
	16QAM
	64QAM

	Target Coding Rate
	　
	1/2
	1/2
	1/2
	1/2

	Information Bit Payload
	　
	　
	　
	　
	　

	  For Sub-Frames (Non CSI-RS subframe)
	Bits
	11448 (MCS 13)
	18336 (MCS 19)
	11448 (MCS13)
	18336 (MCS 19)

	  For Sub-Frames (CSI-RS subframe)
	Bits
	9912 (MCS 12)/
11448 (MCS 13)
	15264 (MCS 17) (Note 2) 
16416 (MCS 18)
	8760 (MCS 11)
	15264 (MCS 17) (Note3) 

	  For Sub-Frames (ZeroPowerCSI-RS subframe)
	Bits
	N/A
	N/A
	N/A
	N/A

	  For Sub-Frame 5
	Bits
	N/A
	N/A
	N/A
	N/A

	  For Sub-Frame 0
	Bits
	9528 (MCS 13)
	14688 (MCS 19)
	9528 (MCS 13)
	14688 (MCS 19)

	Number of Code Blocks per Sub-Frame
	　
	　
	　
	　
	　

	  For Sub-Frames (Non CSI-RS subframe)
	　
	2
	3
	2
	3

	  For Sub-Frames (CSI-RS subframe)
	　
	2
	3
	2
	3

	  For Sub-Frames (ZeroPowerCSI-RS subframe)
	Bits
	N/A
	N/A
	N/A
	N/A

	  For Sub-Frame 5
	　
	N/A
	N/A
	N/A
	N/A

	  For Sub-Frame 0
	　
	2
	3
	2
	3

	Binary Channel Bits Per Sub-Frame
	　
	　
	　
	　
	　

	  For Sub-Frames (Non CSI-RS subframe)
	Bits
	24000
	36000
	24000
	36000

	  For Sub-Frames (CSI-RS subframe)
	Bits
	19200/22400
	28800/33600
	17600
	26400

	  For Sub-Frames (ZeroPowerCSI-RS subframe)
	Bits
	N/A
	N/A
	N/A
	N/A

	  For Sub-Frame 5
	Bits
	N/A
	N/A
	N/A
	N/A

	  For Sub-Frame 0
	Bits
	19680
	29520
	19680
	29520

	Max. Throughput averaged over 1 frame
	Mbps
	9.8040/10.1112
	15.5232  /15.7536
	9.5736
	15.5232

	UE Category
	　
	≥ 2
	≥ 2
	≥ 2
	≥ 2

	Note1:50 resource blocks are allocated in sub-frames 1, 2, 3, 4, 6, 7, 8, 9 and 41 resource blocks (RB0–RB20 and RB30–RB49) are allocated in sub-frame 0;
Note2: Actual coding rate over 0.53  
Note2: Actual coding rate over 0.58  
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