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1
Introduction
RAN4#70 discussed the simulation assumption for Rel-12 MIMO PMI test with PUCCH [1]. There were several preferences for test scenario:

· Single PMI test (wideband PMI)

· PUCCH 1-1 submode 1, rank 1

· PUCCH 1-1 submode 2, rank 1

· PUCCH 2-1, rank 2 (PTI=0)

· Multiple PMI test (subband PMI)

· PUSCH 1-2 rank1 and/or rank 1

· PUSCH 3-2 rank 1

This contribution discusses the PMI test using Rel-12 codebook based on the simulation results.
2
Simulation results
2.1
Single PMI test

The parameters used for the single PMI simulation is shown in Table 1. We simulated three PUCCH modes: PUCCH 1-1 submode 1, PUCCH 1-1 submode 2, and PUCCH 2-1. For PUCCH2-1, PTI is set to 0 so that PUCCH 2-1 reports wideband (single) PMI. We have reused the existing modulation and coded rate sets R.44 FDD (QPSK, 1/3) and R.45 FDD (16QAM, 1/2); these are the fixed reference channels for four antenna ports with CSI-RS defined in A.3 [2]. 
Table 1 Simulation parameters for single PMI test
	Parameter
	 
	Unit
	Test 1 (rank1)
	Test 2 (rank1)
	Test 3 (rank2)

	Bandwidth
	 
	MHz
	10
	10
	10

	Transmission mode
	 
	 
	9
	9
	9

	Propagation channel
	 
	 
	Option 1: EVA5
	Option 1: EVA5
	Option 1: EVA5

	 
	 
	 
	Option 2: EPA5
	Option 2: EPA5
	Option 2: EPA5

	PDSCH PRBs
	 
	 
	50
	50
	50

	Precoding granularity
	 
	PRB
	50
	50
	50

	Correlation and antenna configuration
	 
	 
	Option 1:XP High 4 x 2
	Option 1:XP High 4 x 2
	Option 1: 4 x 2 Low

	 
	 
	 
	Option 2: 4 x 2 Low correlation
	Option 2: 4 x 2 Low correlation
	Option 2:XP High 4 x 2 correlation

	Beamforming model
	 
	 
	Annex B.4.3
	Annex B.4.3
	Annex B.4.3

	Cell-specific reference signals
	 
	 
	Antenna ports 0,1
	Antenna ports 0,1
	Antenna ports 0,1

	CSI reference signals
	 
	 
	Antenna ports 15,…,18
	Antenna ports 15,…,18
	Antenna ports 15,…,18

	CSI-RS periodicity and subframe offset
 T_CSI-RS / I_CSI-RS
	 
	 
	5 / 1
	5 / 1
	5 / 1

	CSI-RS reference signal configuration
	 
	 
	6
	6
	6

	CodeBookSubsetRestriction bitmap
	 
	 
	TBD
	TBD
	TBD

	 Downlink power allocation
	rho_A
	dB
	0
	0
	0

	 
	rho_B
	dB
	0
	0
	0

	 
	Pc
	dB
	-3
	-3
	-3

	 
	Sigma
	dB
	-3
	-3
	-3

	N_oc(j)
	 
	dB[mW/15kHz]
	-98
	-98
	-98

	Reporting mode
	 
	 
	PUCCH 1-1 submode1
	PUCCH 1-1 submode2
	PUCCH 2-1

	Reporting interval
	 
	ms
	5
	5
	5

	 PMI delay (Note 2)
	 
	ms
	8
	8
	8

	Modulation and Coded rate
	 
	 
	Option 1: R44 FDD
Option 2: R45 FDD (Cat>1)
R45-1 (Cat=1)
	Option 1: R44 FDD
Option 2: R45 FDD (Cat>1)
R45-1 (Cat=1)
	Option 1: R44 FDD
Option 2: R45 FDD (Cat>1)
R45-1 (Cat=1)

	OCNG Pattern
	 
	 
	OP.1 FDD
	OP.1 FDD
	OP.1 FDD

	Max number of HARQ transmissions
	 
	 
	4
	4
	4

	Redundancy version coding sequence
	 
	 
	{0,1,2,3}
	{0,1,2,3}
	{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: PDSCH _RA= 0 dB, PDSCH_RB=  0 dB in order to have the same PDSCH and OCNG power per subcarrier at the receiver

	Note4:    For PUCCH 2-1, PTI shall be set to 0 due to only verify wideband PMI performance.


2.1.1
Test 1 (PUCCH 1-1 submode 1)
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Figure 1
Throughput ratio of follow PMI and random PMI (gamma) for QPSK (left) and 16QAM (right).

Figure 1 shows the simulation result of PUCCH 1-1 submode 1 with different channel model and MCS. For QPSK case, SNR corresponding to 60-70% of the maximum throughput is around -2.0 ~ 0.0dB for XPOL and -3.7 ~ -2.7dB for low correlation regardless of EVA5/EPA5. For 16QAM case, SNR corresponding to 60-70% of the maximum throughput is around 5.2 ~ 7.2dB for XPOL and 3.5 ~ 5.0dB for low correlation regardless of EVA5/EPA5. The throughput ratio between follow PMI and random PMI is summarized in section 2.1.4. 
2.1.2
Test 2 (PUCCH 1-1 submode 2)
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Figure 2
Throughput ratio of follow PMI and random PMI (gamma) for QPSK (left) and 16QAM (right).

Figure 2 shows the simulation result of PUCCH 1-1 submode 2 with different channel model and MCS. For QPSK case, SNR corresponding to 60-70% of the maximum throughput is around -2.0 ~ 0.0dB for XPOL and -3.7 ~ -2.7dB for low correlation regardless of EVA5/EPA5. For 16QAM case, SNR corresponding to 60-70% of the maximum throughput is around 5.2 ~ 7.2dB for XPOL and 3.5 ~ 5.0dB for low correlation regardless of EVA5/EPA5. The throughput ratio between follow PMI and random PMI is summarized in section 2.1.4.
2.1.3
Test 3 (PUCCH 2-1)
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Figure 3
Throughput ratio of follow PMI and random PMI (gamma) for QPSK (left) and 16QAM (right).

Figure 3 shows the simulation result of 2-1 with different channel model and MCS. For QPSK case, SNR corresponding to 60-70% of the maximum throughput is around 3.7 ~ 4.9dB for XPOL and 0.6 ~ 2.0dB for low correlation regardless of EVA5/EPA5. For 16QAM case, SNR corresponding to 60-70% of the maximum throughput is around 11.2 ~ 13.9dB for XPOL and 10.0 ~ 11.5dB for low correlation regardless of EVA5/EPA5. The throughput ratio between follow PMI and random PMI is summarized in section 2.1.4.
2.1.4
Observations
Table 2
Throughput gain ratio (gamma) of follow PMI and random PMI at 60-70% of the maximum throughput. 
	 MCS
	QPSK 
	16QAM

	 Propagation channel
	EVA5/EPA5 low
	EVA5/EPA5 XPOL
	EVA5/EPA5 low
	EVA5/EPA5 XPOL

	PUCCH 1-1 submode 1
	1.3-1.5
	1.4-1.6
	1.4-1.5
	1.4-1.65

	PUCCH 1-1 submode 2
	1.3-1.4
	1.4-1.6
	1.3-1.4
	1.4-1.6

	PUCCH 2-1
	1.1
	1.3-1.45
	1.1-1.15
	1.3-1.4


Table 1 summarizes the throughput gain ratio of follow PMI and random PMI at 60-70% of the maximum throughout for each reporting mode. It is observed that

· XPOL channel modes shows larger gain compared with low correlation.
· PUCCH 1-1 submode 1 and submode 2 show similar gain, however submode 1 shows slight higher throuhput gain. The throughput gain of PUSCH 2-1 is small compared with other two modes.

· No difference between QPSK and 16QAM.

Proposal 1:
PUCCH 1-1 submode 1 or 2 is to be selected as single PMI test. The channel model is EVA5 XPOL or EPA5 XPOL. Reuse the existing R44 FDD and/or R45 FDD for MCS. 
2.2
Multiple PMI test
The parameter for single PMI is shown in Table 2. We simulated two scenarios: PUCCH 1-2 with rank1 transmission and rank2 transmission. We have reused the existing modulation and coded rate sets R.44 FDD (QPSK) and R.45 FDD (16QAM); these are the fixed reference channels for four antenna ports with CSI-RS. 
Table 3 Simulation parameters for multiple PMI test
	Parameter
	 
	Unit
	Test 1 (rank1)
	Test 2 (rank2)

	Bandwidth
	 
	MHz
	10
	10

	Transmission mode
	 
	 
	9
	9

	Propagation channel
	 
	 
	EVA5
	EVA5

	PDSCH PRBs
	 
	 
	50
	50

	Precoding granularity
	 
	PRB
	6
	6

	Correlation and antenna configuration
	 
	 
	Option 1:XP High 4 x 2
	Option 1:XP High 4 x 2

	 
	 
	 
	Option 2: 4 x 2 Low correlation
	Option 2: 4 x 2 Low correlation

	Beamforming model
	 
	 
	Annex B.4.3
	Annex B.4.3

	Cell-specific reference signals
	 
	 
	Antenna ports 0,1
	Antenna ports 0,1

	CSI reference signals
	 
	 
	Antenna ports 15,…,18
	Antenna ports 15,…,18

	CSI-RS periodicity and subframe offset
 T_CSI-RS / I_CSI-RS
	 
	 
	5 / 1
	5 / 1

	CSI-RS reference signal configuration
	 
	 
	8
	8

	CodeBookSubsetRestriction bitmap
	 
	 
	TBD
	TBD

	 Downlink power allocation
	rho_A
	dB
	0
	0

	 
	rho_B
	dB
	0
	0

	 
	Pc
	dB
	-3
	-3

	 
	Sigma
	dB
	-3
	-3

	N_oc(j)
	 
	dB[mW/15kHz]
	-98
	-98

	Reporting mode
	 
	 
	PUSCH 1-2
	PUSCH 1-2

	Reporting interval
	 
	ms
	5
	5

	 PMI delay (Note 2)
	 
	ms
	8
	8

	Modulation and Coded rate
	 
	 
	Option 1: R44 FDD
Option 2: R45 FDD (Cat>1)
R45-1 (Cat=1)
	Option 1: R44 FDD
Option 2: R45 FDD (Cat>1)

	OCNG Pattern
	 
	 
	OP.1 FDD
	OP.1 FDD

	Max number of HARQ transmissions
	 
	 
	4
	4

	Redundancy version coding sequence
	 
	 
	{0,1,2,3}
	{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: PDSCH _RA= 0dB, PDSCH_RB= 0dB in order to have the same PDSCH and OCNG power per subcarrier at the receiver


2.2.1
Test 1 (rank 1)
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Figure 4
Throughput ratio of follow PMI and random PMI (gamma) for QPSK (left) and 16QAM (right). 
Figure 4 shows the simulation result of PUCCH 1-2 with rank1 with different channel model and MCS. For QPSK case, SNR corresponding to 60-70% of the maximum throughput is around -3.0 ~ -2.0dB for XPOL and -3.6 ~ -3.0dB for low correlation. For 16QAM case, SNR corresponding to 60-70% of the maximum throughput is around 5.3 ~ 6.5dB for XPOL and 4.1 ~ 4.9dB for low correlation. The throughput ratio between follow PMI and random PMI is summarized in section 2.2.3.
2.2.2
Test 2 (rank 2)
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Figure 5
Throughput ratio of followed PMI and random PMI (gamma) for QPSK (left) and 16QAM (right).
Figure 5 shows the simulation result of PUCCH 1-2 with rank2 with different channel model and MCS. For QPSK case, SNR corresponding to 60-70% of the maximum throughput is around 2.1 ~ 4.4dB for XPOL and 0.6 ~ 1.8dB for low correlation. For 16QAM case, SNR corresponding to 60-70% of the maximum throughput is around 11.2 ~ 13.7dB for XPOL and 10.4 ~ 11.7dB for low correlation. The throughput ratio between follow PMI and random PMI is summarized in section 2.2.3.
2.2.3
Observations
Table 4
Throughput gain ratio (gamma) of follow PMI and random PMI at 60-70% of the maximum throughput.
	MCS
	QPSK
	16QAM

	Propagation channel
	EVA5 XPOL
	EVA5 Low
	EVA5 XPOL
	EVA5 Low

	PUSCH 1-2 rank 1
	1.45-1.7
	1.4-1.6
	1.4-1.65
	1.4-1.6

	PUSCH 1-2 rank 2
	1.4-1.5
	1.3
	1.4
	1.4


Table 4 summarizes the throughput gain ratio of follow PMI and random PMI at 60-70% of the maximum throughout foe each reporting mode. It is observed that

· XPOL channel modes shows larger gain compared with low correlation.
· PUSCH 1-2 rank 1 shows better gain compared with rank 2. 
· No difference between QPSK and 16QAM.

Proposal 2:
PUCCH 1-2 rank 1 is to be selected as multiple PMI test. The channel model is EVA5 XPOL. Reuse the existing R44 FDD and/or R45 FDD for MCS. 
3
Conclusions

Proposal 1:
PUCCH 1-1 submode 1 or 2 is to be selected as single PMI test. The channel model is EVA5 XPOL or EPA5 XPOL. Reuse the existing R44 FDD and/or R45 FDD for MCS. 

Proposal 2:
PUCCH 1-2 rank 1 is to be selected as multiple PMI test. The channel model is EVA5 XPOL. Reuse the existing R44 FDD and/or R45 FDD for MCS. 
We would like to take our observations and proposals into account for further discussion of Rel-12 PMI test case selection. 
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