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Introduction
Based on the way forward agreed in last meeting [1] simulation results on the rank indication tests for 4Rx UEs are presented here.  The agreement was to have legacy tests with configurations 2x4 and to add one test for higher layers
Background
In the Way Forward in [1] the simulation assumptions for rank indication testcases are agreed. It was agreed top keep to “old” testcases for rank 1 and 2, with 2x4 antenna configuration and then add a rank 3 testcase at high SNR for antenna configuration 4x4 and for all combinations, CRS and CSI-RS  for FDD and TDD. Based on these assumptions the gammavalues are simulated.

Simulations

The simulations has been done on a model as stated above with
· EPA LOW correlation
· Antenna configuration 4x4
· Antenna correlation LOW
· Practical receiver and TX EVM=6%
· BW=10MHz
· TM3
CRS (FDD)  based on 9.5.1.1
Below are the simulation assumptions used for the simulations of TM4 for FDD. 
Table 1
	Parameter
	Unit
	Test 1
	Test 2
	Test 3
	Test 4

	Bandwidth
	MHz
	10

	PDSCH transmission mode
	 
	4

	Downlink power allocation
	
	dB
	-3

	
	
	dB
	-3

	
	
	dB
	0

	Propagation condition and antenna configuration
	 
	2 x 4 EPA5
	4 x 4 EPA5

	CodeBookSubsetRestriction bitmap
	 
	000011 for fixed RI = 1
010000 for fixed RI = 2
010011 for UE reported RI
	TBD

	Antenna correlation
	 
	Low
	Low
	High
	Low

	RI configuration
	 
	Fixed RI=2 and follow RI
	Fixed RI=1 and follow RI
	Fixed RI=1 and follow RI
	Fixed RI=  3  Fixed RI=4 and follow RI

	SNR
	dB
	0
	20
	20
	TBD

	
	dB[mW/15kHz]
	-98
	-98
	-98
	-98

	
	dB[mW/15kHz]
	-98
	-78
	-78
	TBD

	Maximum number of HARQ transmissions
	 
	1

	Reporting mode
	 
	PUCCH 1-1 (Note 4)

	Physical channel for CQI/PMI reporting
	 
	 PUCCH Format 2

	PUCCH Report Type for CQI/PMI
	 
	2

	Physical channel for RI reporting
	 
	PUSCH (Note 3)

	PUCCH Report Type for RI
	 
	3

	Reporting periodicity 
	ms
	Npd= 5

	PMI and CQI delay
	ms
	8

	cqi-pmi-ConfigurationIndex
	 
	6

	ri-ConfigurationInd
	 
	1 (Note 5)


Test 1&2.
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Figure 1: The throughputs for rank 1 and rank 2 for TM4 of FDD for Test 1 and 2
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Figure 2  1 and 2, the ratio of the throughput of fixed rank divided by the throughput of the follow rank for all SNRs

Proposal for Test 1 & 2

The requirement for Test 1 is that 2 shall be below 1 at SNR=0dB and the requirement for Test 2 is that 1 shall be below 1.05 at SNR=20 dB.
The corresponding gamma values in this simulation is 
Table 2 The simulation results for alignment
	
	Test 1
	Test 2

	SNR
	0 dB
	20 dB 

	Current requirements 
	2 
	1 >1.05

	Simulation result
	2  
	1 = 1.6181





Test 3
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Figure 3 The throughputs for rank 1 and rank 2 for TM4 of FDD Test 3
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Figure 4 1 and 2, the ratio of the throughput of fixed rank divided by the throughput of the follow rank for all SNRs
Proposal for Test 3

The requirement for Test 3 is that 1 shall be below 0.9 at SNR=20dB 
The corresponding gamma values in this simulation is 
Table 3 The simulation results for alignment
	
	Test 3

	SNR
	20 dB

	Current requirements 
	1 

	Simulation result
	1  


Test 4
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Figure 5 The throughputs for rank 3 and rank 4 for TM4 of FDD, proposed Test 4
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Figure 6 3 and 4, the ratio of the throughput of fixed rank divided by the throughput of the follow rank for all SNRs
Proposal for Test 4

This requirement is a new. Since rank 3 gives higher throughput than rank4 up to SNR=30 dB,, it is proposed to base the requirement on the gamma for rank 3, 3.
Since Rank 3 is dominant the throughput for rank 3 and the throughput for follow rank are almost identical and the ratio is equal to 1. Thus, there are no requirement to test that the RI follows the definition in the RAN1 specs. 
It is proposed to add a requirement at SNR= 20 dB, since the rank 3 is vald at higher SNR

Table 4: The simulation results for alignment
	SNR [dB]
	Simulation result on 3

	18
	0.99028

	
	

	
	

	
	






CRS (TDD) based on 9.5.1.2
Below are the simulation assumptions used for the simulations of TM4 for TDD. 

Test 1&2
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Figure 7 The throughputs for rank 1 and rank 2 for TM4 of TDD for test 1 and 2
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Figure 8 1 and 2, the ratio of the throughput of fixed rank divided by the throughput of the follow rank for all SNRs
Proposal for Test 1 & 2

The requirement for Test 1 is that 2 shall be below 1 at SNR=0dB and the requirement for Test 2 is that 1 shall be below 1.05 at SNR=20 dB.
The corresponding gamma values in this simulation is 
Table 5 The simulation results for alignment
	
	Test 1
	Test 2

	SNR
	0 dB
	20 dB 

	Current requirements 
	2 
	1 >1.05

	Simulation result
	2 
	1 =1.5613





Test 3
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Figure 9 The throughputs for rank 1 and rank 2 for TM4 of TDD for Test 3.
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Figure 10 1 and 2, the ratio of the throughput of fixed rank divided by the throughput of the follow rank for all SNRs

Proposal for Test 3

The requirement for Test 3 is that 1 shall be below 0.9 at SNR=20dB 
The corresponding gamma values in this simulation is 
Table 6 The simulation results for alignment
	
	Test 3

	SNR
	20 dB

	Current requirements 
	1 

	Simulation result
	1 



Based on the simulation results the 

Test 4
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Figure 11 The throughputs for rank 3 and rank 4 for TM4 of TDD for the proposed Test 4.
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Figure 12 1 and 2, the ratio of the throughput of fixed rank divided by the throughput of the follow rank for all SNRs
Proposal for Test 4

This requirement is a new. Since rank 3 gives higher throughput than rank4 up to SNR=30 dB,, it is proposed to base the requirement on the gamma for rank 3, 3.
Since Rank 3 is dominant the throughput for rank 3 and the throughput for follow rank are almost identical and the ratio is equal to 1. Thus, there are no requirement to test that the RI follows the definition in the RAN1 specs. 
It is proposed to add a requirement at SNR= 20 dB, since the rank 3 is vald at higher SNR
Table 8 The simulation results for alignment
	SNR [dB]
	Simulation result on 3

	18
	0.98357

	
	

	
	

	
	






CSI-RS (FDD) based on 9.5.2.1
Below are the simulation assumptions used for the simulations of CSI-RS TMs for FDD. 

Test 1&2
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Figure 13 The throughputs for rank 1 and rank 2 for CSI_RS TMs of FDD for Test 1 and 2
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Figure 14 1 and 2, the ratio of the throughput of fixed rank divided by the throughput of the follow rank for all SNRs
Proposal for Test 1 & 2

The requirement for Test 1 is that 2 shall be below 1 at SNR=0dB and the requirement for Test 2 is that 1 shall be below 1.05 at SNR=20 dB.
The corresponding gamma values in this simulation is 
Table 9 The simulation results for alignment
	
	Test 1
	Test 2

	SNR
	0 dB
	20 dB 

	Current requirements 
	2 
	1 >1.05

	Simulation result
	2 
	1 =1.5233





Test 3
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Figure 15 The throughputs for rank 1 and rank 2 for CSI_RS TMs of FDD for Test 3
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Figure 16 1 and 2, the ratio of the throughput of fixed rank divided by the throughput of the follow rank for all SNRs

Proposal for Test 3

The requirement for Test 3 is that 1 shall be below 0.9 at SNR=20dB 
The corresponding gamma values in this simulation is 
Table 10 The simulation results for alignment
	
	Test 3

	SNR
	20 dB

	Current requirements 
	1 

	Simulation result
	1 



Based on the simulation results the 

Test 4
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Figure 17 The throughputs for rank 3 and rank 4 for CSI_RS TMs of FDD for the proposed Test 4
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Figure 18 3 and 4, the ratio of the throughput of fixed rank divided by the throughput of the follow rank for all SNRs

Proposal for Test 4

This requirement is a new. Since rank 3 gives higher throughput than rank4 up to SNR=30 dB,, it is proposed to base the requirement on the gamma for rank 3, 3.
Since Rank 3 is dominant the throughput for rank 3 and the throughput for follow rank are almost identical and the ratio is equal to 1. Thus, there are no requirement to test that the RI follows the definition in the RAN1 specs. 
It is proposed to add a requirement at SNR= 20 dB, since the rank 3 is vald at higher SNR
Table 11 The simulation results for alignment
	SNR [dB]
	Simulation result on 3

	18
	0.99028

	
	

	
	

	
	







CSI-RS (TDD) based on 9.5.1.1
Below are the simulation assumptions used for the simulations of CSI-RS TMs for TDD. 

Test 1&2
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Figure 19 The throughputs for rank 1 and rank 2 for CSI_RS TMs of TDD for Test 1 and 2
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Figure 20 1 and 2, the ratio of the throughput of fixed rank divided by the throughput of the follow rank for all SNRs
Proposal for Test 1 & 2

The requirement for Test 1 is that 2 shall be below 1 at SNR=0dB and the requirement for Test 2 is that 1 shall be below 1.05 at SNR=20 dB.
The corresponding gamma values in this simulation is 
Table 12 The simulation results for alignment
	
	Test 1
	Test 2

	SNR
	0 dB
	20 dB 

	Current requirements 
	2 
	1 <1.05

	Simulation result
	2 
	1 =1.481




Test 3
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Figure 21 The throughputs for rank 1 and rank 2 for CSI_RS TMs of FDD for Test 3
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Figure 22 1 and 2, the ratio of the throughput of fixed rank divided by the throughput of the follow rank for all SNRs

Proposal for Test 3

The requirement for Test 3 is that 1 shall be below 0.9 at SNR=20dB 
The corresponding gamma values in this simulation is 
Table 13 The simulation results for alignment
	
	Test 3

	SNR
	20 dB

	Current requirements 
	1 

	Simulation result
	1 



Based on the simulation results the 

Test 4
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Figure 23 The throughputs for rank 3 and rank 4 for CSI_RS TMs of FDD for the proposed Test 4
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Figure 24 3 and 4, the ratio of the throughput of fixed rank divided by the throughput of the follow rank for all SNRs


.
. Proposal for Test 4

This requirement is a new. Since rank 3 gives higher throughput than rank4 up to SNR=30 dB,, it is proposed to base the requirement on the gamma for rank 3, 3.
Since Rank 3 is dominant the throughput for rank 3 and the throughput for follow rank are almost identical and the ratio is equal to 1. Thus, there are no requirement to test that the RI follows the definition in the RAN1 specs. 
It is proposed to add a requirement at SNR= 20 dB, since the rank 3 is vald at higher SNR
Table 14 The simulation results for alignment
	SNR [dB]
	Simulation result on 3

	18
	0.98842

	
	

	
	

	
	







Discussion
[bookmark: _GoBack]In this document simulations for the 4Rx rank indication tests are presented. They will be used for alignment of results.
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