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1. Introduction
In RAN4 #78, there was further discussion on PMI test with 8x4 antenna configuration and following was agreed [1]. 
· PMI TDD 8x4 PMI tests

· Option 1: Legacy test methodology using FRC targeting with low rank

· Option 2: New test method using follow CQI targeting with low rank 
· Option 3: New test method using follow CQI targeting with high rank

· Option 4: Convert the existing demod 4x4 to 8x4

Agreements:
· Simulate option 1 for low rank
· Further study for high rank
Here low rank indicates rank 1 PMI test and high rank indicates rank 3/4 PMI test. 

In this contribution, we provide simulation results for 8x4 PMI test with rank 1 PDSCH based on existing 8x2 PMI test specified in 9.4.1.3.2 of 36.101 and provide our view on the feasibility of rank 3 or 4 PMI test. 
2. Discussion
2.1. Simulation result for rank 1 PMI test
Simulation was run for PMI feedback test based on PMI test configuration in 9.4.1.3.2 of 36.101. Table 1 summarizes test configuration. Simulation was run for following cases. 
· Antenna configuration : 8x4, 8x2
· Propagation channel : XPOL high correlation

· Precoding : random PMI, WB PMI feedback

· MCS : MCS 13, MCS 19

Note that both MCS 13 and MCS 19 were evaluated to check CINR test point. FRCs that were used in the simulation are shown in table 2. 
Figure 1 shows PDSCH throughput with different precoding schemes. Corresponding throughput ratio of feedback PMI vs random PMI is presented in figure 2. From the simulation results, we can observe that, 70% peak throughput with feedback PMI is achieved at CINR 0dB for MCS 19. However, for MCS 13, CINR for 70% peak throughput is at -5dB, which seems to be too low. 
Proposal 1. Specify rank 1 PMI test for 8x4 antenna configuration by reusing test configuration of existing 8x2 single PMI test specified in 9.4.1.3.2 of 36.101. 
Proposal 2. Change MCS of PDSCH from 13 to 19 to avoid too low CINR test point. 
For 8x2 PMI test with MCS 13, 70% peak throughput is achieved at -2dB and throughput ratio at this CINR is 6.39. For 8x4 PMI test with MCS 19, 70% peak throughput is achieved at 0.1dB and throughput ratio at this CINR is 4.92. Therefore,  threshold for throughput ratio should be adjusted accordingly. We would like to propose for 8x4 PMI test.
Proposal 3. Specify  threshold for throughput ration at 2.5.
Single PMI test for 8x4 antenna configuration is almost same as existing single PMI test for 8x2 antenna configuration except for number of Rx antenna and MCS selection for scheduled PDSCH. When 4 Rx UE is tested with 8x4 PMI test, it would be redundant to run almost same test with 8x2 antenna configuration. Therefore, 4 Rx UE should be required to fulfill only single PMI test with 8x4 antenna configuration. 
Proposal 4. Specify applicability rule for 8 Tx single PMI test for TDD such that 4 Rx UE is required to fulfill only 8x4 test while 8x2 test is applied to a UE that does not support 4 Rx antenna in any band. 
Table 1. Test configuration for 8 Tx PMI test

	Parameter
	Unit
	Test 1

	Bandwidth
	MHz
	10

	Transmission mode
	
	9

	Uplink downlink configuration
	
	1

	Special subframe configuration
	
	4

	Propagation channel
	
	EVA5

	Precoding granularity
	PRB
	50

	Antenna configuration
	
	8 x 4

	Correlation modeling
	
	High, Cross polarized

	Cell-specific reference signals
	
	Antenna ports 0,1

	CSI reference signals
	
	Antenna ports

15,…,22

	Beamforming model
	
	Annex B.4.3

	CSI-RS periodicity and subframe offset
TCSI-RS / ∆CSI-RS 
	
	5/ 4

	CSI-RS reference signal configuration
	
	0

	CodeBookSubsetRestriction bitmap
	
	0x0000 0000 001F FFE0 0000 0000 FFFF
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	dB[mW/15kHz]
	-98

	Reporting mode
	
	PUSCH 3-1

	Reporting interval
	ms
	5

	 PMI delay (Note 2)
	ms
	10

	Measurement channel
	
	R.45 TDD (MCS 13)
R.45 TDD-2 (MCS 19)

	OCNG Pattern
	
	OP.1 TDD

	Max number of HARQ transmissions
	
	4

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

	ACK/NACK feedback mode
	
	Multiplexing

	Note 1:
For random precoder selection, the precoder shall be updated in each TTI (1 ms granularity).

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).
Note 3:
PDCCH DCI format 0 with a trigger for aperiodic CQI shall be transmitted in downlink SF#4 and #9 to allow aperiodic CQI/PMI/RI to be transmitted on uplink SF#3 and #8.

Note 4: 
Randomization of the principle beam direction shall be used as specified in B.2.3A.4


Table 2. FRC for PMI test
	Parameter
	Unit
	Value

	Reference channel
	
	R.45
TDD
	R.45
TDD-2

	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

	Allocated subframes per Radio Frame 
	
	10
	10

	Modulation
	
	16QAM
	64QAM

	Target Coding Rate
	
	1/2
	1/2

	Information Bit Payload
	
	
	

	  For Sub-Frames 4 and 9

  (Non CSI-RS subframe)
	Bits
	N/A
	N/A

	  For Sub-Frames 4 and 9

  (CSI-RS subframe)
	Bits
	11448
	18336

	For Sub-Frames 1,6
	Bits
	7736
	11832

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

	  For Sub-Frame 0
	Bits
	9528
	14688

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

	  For Sub-Frames  4 and 9

   (Non CSI-RS subframe)
	
	N/A
	N/A

	For Sub-Frames 4 and 9

   (CSI-RS subframe)
	
	2
	2

	For Sub-Frames 1,6
	
	2
	2

	  For Sub-Frame 5
	
	N/A
	N/A

	  For Sub-Frame 0
	
	2
	2

	Binary Channel Bits Per Sub-Frame
	
	
	

	  For Sub-Frames 4 and 9

  (Non CSI-RS subframe)
	Bits
	N/A
	N/A

	  For Sub-Frames 4 and 9

  (CSI-RS subframe)
	Bits
	22400
	22400

	For Sub-Frames 1,6
	Bits
	15744
	15744

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

	  For Sub-Frame 0
	Bits
	19680
	19680

	Max. Throughput averaged over 1 frame
	Mbps
	4.7896
	7.5024

	UE Category
	
	≥ 2
	≥ 2

	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:
For R.45, 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 and the DwPTS portion of sub-frames 1,6. For R.45-1, 39 resource blocks are allocated in sub-frames 0,4,9 and the DwPTS portion of sub-frames 1,6 (RB0–RB20 and RB30–RB47).
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).

Note 6:
Localized allocation started from RB #0 is applied.
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Figure 1. PDSCH throughput
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Figure 2. Throughput ratio of feedback PMI vs random PMI
2.2. 8x4 PMI test with higher rank
In RAN4 #78 meeting, there was a discussion on the need and feasibility for rank 3 or rank 4 PMI feedback test with 8x4 antenna configuration.  For rank 1 CSI feedback, UE selects PMI that maximizes PDSCH throughput of one codeword. Therefore, PMI selection to maximize throughput is optimal even for fixed MCS PDSCH scheduling. However, for CSI feedback for rank 2, 3, 4, UE selects PMI that maximizes sum throughput of codeword 0 and codeword 1. Depending on channel realization, UE can select PMI that leads to asymmetric CQI for two codewords. If PDSCH is scheduled with fixed MCS, UE’s PMI selection with asymmetric CQI feedback is not optimal. Therefore, true PMI feedback performance with higher rank PMI feedback can be verified only through link adaptation (LA) throughput performance. On the other hand, RAN4 CSI feedback test framework precluded joint test of CQI and PMI feedback to avoid test complication. 
Observation 1. Existing PMI test method is designed to work for only rank 1 PMI reporting. 

Proposal 5. Specify no PMI reporting requirement for 3 or 4 layer MIMO. 

3. Conclusions

In this contribution, we provided simulation results for rank 1 8x4 PMI test and provided further analysis on the need/feasibility of higher rank PMI test. Our observations and proposals are 
Observation 1. Existing PMI test method is designed to work for only rank 1 PMI reporting. 

Proposal 1. Specify rank 1 PMI test for 8x4 antenna configuration by reusing test configuration of existing 8x2 single PMI test specified in 9.4.1.3.2 of 36.101. 

Proposal 2. Change MCS of PDSCH from 13 to 19 to avoid too low CINR test point. 

Proposal 3. Specify  threshold for throughput ration at 2.5.

Proposal 4. Specify applicability rule for 8 Tx single PMI test for TDD such that 4 Rx UE is required to fulfill only 8x4 test while 8x2 test is applied to a UE that does not support 4 Rx antenna in any band. 

Proposal 5. Specify no PMI reporting requirement for 3 or 4 layer MIMO. 
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