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1. Introduction
In RAN4 #70bis, there was further discussion on PMI test for new 4 Tx codebook and following agreements were made. 

· Single PMI test

· PUCCH 1-1 submode 1, EPA 5Hz, XP High with Beam-S (Model given in R4-141077)

· TBD for next meeting, with Options: QPSK 1/2 or 16 QAM 1/2
· Multiple PMI test

· PUSCH 1-2 rank 2, EVA 5 Hz, , XP High with Beam-S (Model given in R4-141077)

· 16 QAM ½
· No FRC test

Also, RAN4 agreed on simulation assumptions for single PMI test [1] and multiple PMI test [2] for further evaluation on the feasibility of PMI test design. In this contribution, we provide simulation results based on agreed simulation assumption and provide our proposal on remaining issues on test case design. 
2. Simulation results
In single PMI test, fixed MCS PDSCH throughput is compared between precoding based on wideband PMI feedback and random precoding. For random precoding, random wideband PMI is selected for both W1 and W2. Test parameters for single PMI tests from [1] are listed in table 1 and 2 for FDD and TDD respectively. 
In single PMI test, fixed MCS PDSCH throughput is compared between precoding based on subband PMI feedback and random precoding. For random precoding, random wideband PMI is selected for both W1 and W2. Test parameters for multiple PMI tests from [2] are listed in table 3 and 4 for FDD and TDD respectively. 

Figure 1 and 2 show simulation results for PMI test for FDD and TDD respectively. From the simulation results, it can be observed that
· For both single PMI and multiple PMI test, there is sufficient throughput gap. Existing PMI test metric of throughput ratio can be reused to discriminate good and bad UE implementation. 
· For single PMI test, both QPSK 1/3 and 16-QAM 1/2 can provide good separation between feedback PMI and random PMI. 
Since 16-QAM 1/2 rank 2 is selected for multiple PMI test to cover medium CINR region, we prefer selecting QPSK 1/3 for single PMI test to verify UE performance in low CINR region. 

Proposal 1. Reuse throughput ratio as test metric for PMI test for new 4 Tx codebook. 

Proposal 2. Select QPSK 1/3 for single PMI test to cover low CINR region. 
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(a) Single PMI, QPSK 1/3
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(b) Single PMI, 16-QAM ½
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(c) Multiple PMI test, 16-QAM 1/2

Figure 1. Simulation results for FDD PMI test
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(a) Single PMI test, QPSK 1/3

[image: image5.emf]-10 -5 0 5 10 15 20

0

0.5

1

1.5

2

2.5

CINR (dB)

PDSCH Throughput (Mbps)

single PMI, 16-QAM 1/2 rank 1

 

 

WB FB PMI

RANDOM PMI


(b) Single PMI test, 16-QAM 1/2
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(c) Multiple PMI test, 16-QAM 1/2
Figure 2. Simulation results for TDD PMI test

3. Conclusions

In this contribution, we provided simulation results for PMI test for new 4 Tx codebook. Based on observation from simulation results, we proposed following. 
Proposal 1. Reuse throughput ratio as test metric for PMI test for new 4 Tx codebook. 

Proposal 2. Select QPSK 1/3 for single PMI test to cover low CINR region. 
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Annex
Table 1 Test parameters for single PMI test of PUCCH1-1 (FDD)
	Parameter
	Unit
	Test 1 

	Bandwidth
	MHz
	10

	Transmission mode
	
	9

	Propagation channel
	
	EPA5

	PDSCH PRBs
	
	50

	Precoding granularity
	PRB
	50

	Correlation and antenna configuration
	
	XP High 4 x 2

	Beamforming model
	
	Annex B.4.3

	Cell-specific reference signals
	
	Antenna ports 0,1

	CSI reference signals
	
	Antenna ports

15,…,18

	CSI-RS periodicity and subframe offset          TCSI-RS / ICSI-RS
	
	5/ 1

	CSI-RS reference signal configuration
	
	6

	CodeBookSubsetRestriction bitmap
	
	0x0000 0000 0000 
FFFF 0000 FFFF

	 Downlink power allocation
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	dB[mW/15kHz]
	-98

	Reporting mode
	
	PUCCH 1-1 submode1

	Reporting periodicity 
	ms
	Npd = 5

	 PMI delay (Note 2)
	ms
	TBD

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

	PUCCH Report Type for CQI/second PMI
	
	2b 

	Physical channel for RI reporting
	
	PUSCH 

	PUCCH Report Type for RI/ first PMI
	
	5

	cqi-pmi-ConfigurationIndex
	
	[4]

	ri-ConfigIndex
	
	[1] 

	Reporting periodicity 
	ms
	Npd = 5

	Modulation and Coded rate
	
	Option1: QPSK 1/2

Option2: 16QAM 1/2

	OCNG Pattern
	
	OP.1 FDD

	Max number of HARQ transmissions
	
	4

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

	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:
To avoid collisions between CQI/PMI reports and HARQ-ACK it is necessary to report both on PUSCH instead of PUCCH.
Note 4:    PDSCH _RA= 0 dB, PDSCH_RB= 0 dB in order to have the same PDSCH and OCNG power per subcarrier at the receiver
Note 5:    Only subframes 1,2,3,4,6,7,8, and 9 are allocated to avoid PBCH and synchronization signal overhead
Note 6:    Randomization of the principle beam direction shall be used


Table 2 Test parameters for single PMI test of PUCCH1-1 (TDD)
	Parameter
	Unit
	Test 1 

	Bandwidth
	MHz
	10

	Transmission mode
	
	9

	Uplink downlink configuration
	
	1

	Special subframe configuration
	
	4

	Propagation channel
	
	EPA5

	PDSCH PRBs
	
	50

	Precoding granularity
	PRB
	50

	Correlation and antenna configuration
	
	XP High 4 x 2

	Beamforming model
	
	Annex B.4.3

	Cell-specific reference signals
	
	Antenna ports 0,1

	CSI reference signals
	
	Antenna ports

15,…,18

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

	CSI-RS reference signal configuration
	
	6

	CodeBookSubsetRestriction bitmap
	
	0x0000 0000 0000 
FFFF 0000 FFFF

	 Downlink power allocation
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	dB[mW/15kHz]
	-98

	Reporting mode
	
	PUCCH 1-1 submode1

	Reporting periodicity 
	ms
	Npd = 5

	 PMI delay (Note 2)
	ms
	TBD

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

	PUCCH Report Type for CQI/second PMI
	
	2b 

	Physical channel for RI reporting
	
	PUSCH 

	PUCCH Report Type for RI/ first PMI
	
	5

	cqi-pmi-ConfigurationIndex
	
	[4]

	ri-ConfigIndex
	
	[1]

	Reporting periodicity 
	ms
	Npd = 5

	Modulation and Coded rate
	
	Option1: QPSK 1/2

Option2: 16QAM 1/2

	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:
To avoid collisions between CQI/PMI reports and HARQ-ACK it is necessary to report both on PUSCH instead of PUCCH.
Note 4:    PDSCH _RA= 0 dB, PDSCH_RB=  0 dB in order to have the same PDSCH and OCNG power per subcarrier at the receiver
Note 5:    Only subframes 4 and 9 are allocated to avoid PBCH and synchronization signal overhead.
Note 6:    Randomization of the principle beam direction shall be used


Table 3 Test parameters for multiple PMI test (FDD) 
	Parameter
	Unit
	Multi PMI test

	1. Bandwidth
	2. MHz
	3. 10

	4. Transmission mode
	5. 
	6. 9

	7. Propagation channel
	8. 
	9. EVA5

	10. PDSCH PRBs
	11. 
	12. 50

	13. Precoding granularity
	14. PRB
	15. 6

	16. Correlation and antenna configuration
	17. 
	18. XP High 4 x 2

	19. Beamforming model
	20. 
	21. Annex B.4.3

	22. Cell-specific reference signals
	23. 
	24. Antenna ports 0,1

	25. CSI reference signals
	26. 
	27. Antenna ports

28. 15,…,18

	29. CSI-RS periodicity and subframe offset          TCSI-RS / ICSI-RS
	30. 
	31. 5/ 1

	32. CSI-RS reference signal configuration
	33. 
	34. 8

	35. CodeBookSubsetRestriction bitmap
	36. 
	0x 0000 0000  FFFF 
0000 FFFF 0000

	37.  Downlink power allocation
	38. 
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	54. dB[mW/15kHz]
	55. -98

	56. Reporting mode
	57. 
	58. PUSCH1-2

	59. Reporting interval
	60. ms
	61. 5

	62.  PMI delay (Note 2)
	63. ms
	64. 8

	65. Modulation and Coded rate
	66. 
	67. 16QAM 1/2

	68. PDSCH rank
	69. 
	70. 2

	71. OCNG Pattern
	72. 
	73. OP.1 FDD

	74. Max number of HARQ transmissions
	75. 
	76. 4

	77. Redundancy version coding sequence
	78. 
	79. {0,1,2,3}

	Note 1:
For random precoder selection, the precoders 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:
One/two sided dynamic OCNG Pattern OP.1/2 FDD as described in Annex A.5.1.1/2 shall be used.
Note 4:
PDSCH _RA= 0 dB, PDSCH_RB= 0 dB in order to have the same PDSCH and OCNG power per subcarrier at the receiver.
Note 5: 
Randomization of the principle beam direction shall be used.


Table 4 Test parameters for multiple PMI test (TDD) 
	Parameter
	Unit
	Multi PMI test

	80. Bandwidth
	81. MHz
	82. 10

	83. Transmission mode
	84. 
	85. 9

	86. Uplink downlink configuration
	87. 
	88. 1

	89. Special subframe configuration
	90. 
	91. 4

	92. Propagation channel
	93. 
	94. EVA5

	95. PDSCH PRBs
	96. 
	97. 50

	98. Precoding granularity
	99. PRB
	100. 6

	101. Correlation and antenna configuration
	102. 
	103. XP High 4 x 2

	104. Beamforming model
	105. 
	106. Annex B.4.3

	107. Cell-specific reference signals
	108. 
	109. Antenna ports 0,1

	110. CSI reference signals
	111. 
	112. Antenna ports

113. 15,…,18

	114. CSI-RS periodicity and subframe offset          TCSI-RS / ICSI-RS
	115. 
	116. 5/ 4

	117. CSI-RS reference signal configuration
	118. 
	119. 4

	120. CodeBookSubsetRestriction bitmap
	121. 
	0x 0000 0000  FFFF 
0000 FFFF 0000

	122.  Downlink power allocation
	123. 
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	139. dB[mW/15kHz]
	140. -98

	141. Reporting mode
	142. 
	143. PUSCH1-2

	144. Reporting interval
	145. ms
	146. 5

	147.  PMI delay (Note 2)
	148. ms
	149. 8

	150. Modulation and Coded rate
	151. 
	152. 16QAM 1/2

	153. PDSCH rank
	154. 
	155. 2

	156. OCNG Pattern
	157. 
	158. OP.1 FDD

	159. Max number of HARQ transmissions
	160. 
	161. 4

	162. Redundancy version coding sequence
	163. 
	164. {0,1,2,3}

	Note 1:
For random precoder selection, the precoders 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:
One/two sided dynamic OCNG Pattern OP.1/2 TDD as described in Annex A.5.2.1/2 shall be used.
Note 4:
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 5: 
Randomization of the principle beam direction shall be used. 
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