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1
Introduction
RAN4#70bis agreed the simulation assumption for Rel-12 MIMO single PMI test with PUCCH 1-1 submode 1 for FDD and TDD [1]. The remaining issues are the percentage of the maximum throughput to measure the throughput gain and MCS. In this contribution, we provide simulation results based on the agreed assumption and the requirement proposal. 
2
Simulation results
2.1
FDD
2.1.1
Parameters
The parameter for single PMI with PUCCH 1-1 submode 1 in FDD is shown in Table 1. For 16QAM ½ MCS and QPSK ½ MCS, we used the tables shown in A.1 below. Note we reuse R.45 FDD from TS36.101 Table A.3.3.3.2-2 [2]. 
Table 1 Simulation parameters for single PMI test of PUCCH 1-1 submode 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 submode 1

	Reporting periodicity 
	ms
	Npd = 5

	 PMI delay (Note 2)
	ms
	[8 or 9]

	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}

	alternativeCodeBookEnabledFor4Tx-r12
	
	TRUE

	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


2.2.2
Simulation results
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Figure 1
Throughput ratio between tfollow1,follow2 and trnd1,rnd2 for 16QAM ½ (left) and QPSK ½ (right).
Figure 1 shows the throughput ratio between tfollow1,follow2 and trnd1,rnd2, where three red vertical lines mean the SNRs corresponding to 50%, 60% and 70% of the maximum throughput from left to right, and the throughput ratios are shown in the table below. 
	% of maximum throughput 
	50%
	60%
	70%

	16QAM 1/2
	2.77
	2.44
	2.29

	QPSK 1/2
	3.47
	3.08
	2.79


It is observed that the SNR at 50% of maximum throughput gives higher throughput gain for both modulations. At 50% of throughput point, QPSK 1/2 MCS shows higher gain compared with 16QAM 1/2. 

Proposal 1: Select 50% of maximum throughput and QPSK 1/2 for PUCCH 1-1 submode 1 FDD test scenario.  

2.2
TDD
2.2.1
Parameters
The parameter for single PMI with PUCCH 1-1 submode 1 in TDD is shown in Table 2. For 16QAM ½ MCS and QPSK ½ MCS, we used the tables shown in A.2 below.
Table 2 Simulation parameters for single PMI test of PUCCH 1-1 submode 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
	
[image: image6.wmf]A

r


	dB
	0

	
	
[image: image7.wmf]B

r


	dB
	0

	
	Pc
	dB
	-3

	[image: image8.wmf])

(

j

oc

N


	dB[mW/15kHz]
	-98

	Reporting mode
	
	PUCCH 1-1 submode1

	Reporting periodicity 
	ms
	Npd = 5

	 PMI delay (Note 2)
	ms
	[10 or 11]

	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 ½

	OCNG Pattern
	
	OP.1 TDD

	Max number of HARQ transmissions
	
	4

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

	ACK/NACK feedback mode
	
	Multiplexing

	alternativeCodeBookEnabledFor4Tx-r12
	
	TRUE

	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


2.2.2
Simulation results
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Figure 2
Throughput ratio between tfollow1,follow2 and trnd1,rnd2 for 16QAM ½ (left) and QPSK ½ (right).
Figure 2 shows the throughput ratio between tfollow1,follow2 and trnd1,rnd2, where three red vertical lines mean the SNRs corresponding to 50%, 60% and 70% of the maximum throughput from left to right, and the throughput ratios are shown in the table below. 

	% of maximum throughput
	50%
	60%
	70%

	16QAM 1/2
	2.70
	2.34
	2.18

	QPSK 1/2
	3.55
	2.99
	2.70


Similar to FDD, the parameter for single PMI with PUCCH 1-1 submode 1 in TDD is shown in Table 2. For 16QAM ½ MCS and QPSK ½ MCS, we used the tables shown in A.2 below.

Proposal 2: Select 50% of maximum throughput and QPSK 1/2 for PUCCH 1-1 submode 1 TDD test scenario.
3
Conclusions

---
The requirement for transmission mode 9 with R-12 4Tx codebook are specified in terms of the ratio
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In the definition of γ, for single PMI test 
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with random precoding. For random precoding, random wideband W1 and random wideband W2 is selected in each subframe. 
---
Proposal 1: Select 50% of maximum throughput and QPSK 1/2 for PUCCH 1-1 submode 1 FDD test scenario. 
Proposal 2: Select 50% of maximum throughput and QPSK 1/2 for PUCCH 1-1 submode 1 TDD test scenario.
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Appendix

A.1
FDD Fixed Reference Channel for four antenna ports (CSI-RS)

	Parameter
	Unit
	Value

	Reference channel
	
	QPSK 1/2
	16QAM 1/2 (Same as R.45
FDD)

	Channel bandwidth
	MHz
	10
	10

	Allocated resource blocks
	
	503
	503

	Allocated subframes per Radio Frame 
	
	10
	10

	Modulation
	
	QPSK
	16QAM

	Target Coding Rate
	
	1/2
	1/2

	Information Bit Payload
	
	
	

	  For Sub-Frames (Non CSI-RS subframe)
	Bits
	5992
	11448

	  For Sub-Frames (CSI-RS subframe)
	Bits
	5736
	11448

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

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

	  For Sub-Frame 0
	Bits
	4776
	9528

	Number of Code Blocks per Sub-Frame
(Note 4)
	
	
	

	  For Sub-Frames (Non CSI-RS subframe)
	
	1
	2

	  For Sub-Frames (CSI-RS subframe)
	
	1
	2

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

	  For Sub-Frame 5
	
	N/A
	N/A

	  For Sub-Frame 0
	
	1
	2

	Binary Channel Bits Per Sub-Frame
	
	
	

	  For Sub-Frames (Non CSI-RS subframe)
	Bits
	12000
	24000

	  For Sub-Frames (CSI-RS subframe)
	Bits
	11600
	23200

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

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

	  For Sub-Frame 0
	Bits
	9840
	19680

	Max. Throughput averaged over 1 frame
	Mbps
	5.22
	10.1112

	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
Note 2:
Reference signal, synchronization signals and PBCH allocated as per TS 36.211 [4]

Note 3:
For R. 44 and R.45, 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
Note 4:
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)


A.2
TDD Fixed Reference Channel for four antenna ports (CSI-RS)
	Parameter
	Unit
	Value

	Reference channel
	
	QPSK 1/2

TDD
	16QAM 1/2
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

	Allocated subframes per Radio Frame 
	
	10
	10

	Modulation
	
	QPSK
	16QAM

	Target Coding Rate
	
	1/2
	½

	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
	5736
	448

	For Sub-Frames 1,6
	Bits
	3880
	7736

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

	  For Sub-Frame 0
	Bits
	4776
	9528

	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)
	
	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 and 9

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

	  For Sub-Frames 4 and 9

  (CSI-RS subframe)
	Bits
	11600
	23200

	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
	2.4008
	4.7896

	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 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.

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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