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Introduction
When discussing the WF [1] it was agreed to test the legacy 2Rx CSI requirements on a 4Rx only UE (Type 2) at SNR [3] dB lower than the 2Rx requirements. Based on that agreement the CR in [2] was agreed based on that it might be revisited and finalized in the future. This contribution discusses this requirements and simulations are presented to finalize this requirement
Discussions and Results
There are three types of CSI requirements, CQI, PMI and RI requirements. 
In all cases below except the PMI requirement the simulations are performed on the legacy 2Rx case as well as the 4Rx setup according 36.101 when the legacy 2Rx requirements are tested on a Type 2 UE. 

CQI
For the CQI requirement there are two kinds of testcases, one is AWGN testcase where the definition of the CQI accuracy is tested meaning that when signal quality changes that is reflected in the CQI reporting. 
Another kind of CQI test is the fading environment testcases, where the benefit of the CQI reporting is tested at low fading, showing that the CQI reporting enhances the throughput compared to when no CQI reporting is used.


9.2.1.1 Minimum requirement PUCCH 1-0 (Cell-Specific Reference Symbols) FDD

The tests are based on this setup from 36.101. The requirement is on the CQI relative accuracy and variance of the measurement result.

Table 9.2.1.1-1: PUCCH 1-0 static test (FDD)
	Parameter
	Unit
	Test 1
	Test 2

	Bandwidth
	MHz
	10

	PDSCH transmission mode
	
	1

	Downlink power allocation
	

	dB
	0

	
	

	dB
	0

	
	
	dB
	0

	Propagation condition and antenna configuration
	
	AWGN (1 x 2)

	SNR (Note 2)
	dB
	0
	1
	6
	7

	

	 dB[mW/15kHz]
	-98
	-97
	-92
	-91

	

	dB[mW/15kHz]
	-98
	-98

	Max number of HARQ transmissions
	
	1

	Physical channel for CQI reporting
	
	PUCCH Format 2

	PUCCH Report Type
	
	4

	Reporting periodicity 
	ms
	Npd = 5

	cqi-pmi-ConfigurationIndex
	
	6

	Note 1:	Reference measurement channel RC.1 FDD according to Table A.4-1 with one sided dynamic OCNG Pattern OP.1 FDD as described in Annex A.5.1.1, except for category 1 UE use RC.4 FDD with two sided dynamic OCNG Pattern OP.2 FDD as described in Annex A.5.1.2.
Note 2:	For each test, the minimum requirements shall be fulfilled for at least one of the two SNR(s) and the respective wanted signal input level.



Both the 2Rx and the 4Rx cases are simulated. 
Table 1: 9.2.1.1 2Rx performance
	SNR
	median
	alpha
	BLER
	BLER
	BLER
	TP
	a-test
	b-test

	0
	6
	1.000
	0.000
	0.009
	1.000
	5.707
	OK
	OK

	1
	6
	1.000
	0.000
	0.002
	1.000
	5.852
	OK
	OK

	6
	9
	1.000
	0.000
	0.007
	1.000
	11.972
	OK
	OK

	7
	9
	1.000
	0.000
	0.001
	0.999
	10.704
	OK
	OK




Table 1: 9.2.1.1 4 Rx performance with 3 dB offset.
	SNR
	median
	alpha
	BLER
	BLER
	BLER
	TP
	a-test
	b-test

	-3
	6
	1.000
	0.000
	0.014
	1.000
	5.750
	OK
	OK

	-2
	6
	1.000
	0.000
	0.001
	1.000
	5.784
	OK
	OK

	3
	9
	1.000
	0.000
	0.019
	1.000
	11.721
	OK
	OK

	4
	9
	1.000
	0.000
	0.001
	1.000
	9.714
	OK
	OK



As a conclusion the 4Rx performance with 3 dB lower SNR is passing the 2Rx requirements with similar results as 2Rx

Observation 1: The CQI requirements in 36.101 section 9.2.1.1 for 2Rx can be applied for 4Rx with the proposed setup and 3 dB offset.


9.3.1.1 Minimum requirement PUSCH 3-0 (Cell-Specific Reference Symbols)
In this requirement the CQI performance in frequency selective fading is tested. 
The requirements are stated as
For the parameters specified in Table 9.3.1.1.1-1, and using the downlink physical channels specified in Annex C.3.2, the minimum requirements are specified in Table 9.3.1.1.1-2 and by the following 
a)	a sub-band differential CQI offset level of 0 shall be reported at least  % of the time but less than % for each sub-band;
b)	the ratio of the throughput obtained when transmitting on a randomly selected sub-band among the sub-bands with the highest differential CQI offset level the corresponding TBS and that obtained when transmitting the TBS indicated by the reported wideband CQI median on a randomly selected sub-band in set S shall be ≥ ;
c)	when transmitting on a randomly selected sub-band among the sub-bands with the highest differential CQI offset level the corresponding TBS, the average BLER for the indicated transport formats shall be greater or equal to 0.05. 
The requirements only apply for sub-bands of full size and the random scheduling across the sub-bands is done by selecting a new sub-band in each TTI for FDD, each available downlink transmission instance for TDD.


Table 9.3.1.1.1-1 Sub-band test for single antenna transmission (FDD)
	Parameter
	Unit
	Test 1
	Test 2

	Bandwidth
	MHz
	10 MHz

	Transmission mode
	
	1 (port 0)

	Downlink power allocation
	

	dB 
	0

	
	

	dB
	0

	
	
	dB
	0

	 SNR (Note 3)
	 dB
	9
	10
	14
	15

	

	dB[mW/15kHz]
	-89
	-88
	-84
	-83

	

	dB[mW/15kHz]
	-98
	-98

	Propagation channel
	
	

Clause B.2.4 with s, a = 1, Hz

	Antenna configuration
	
	1 x 2

	Reporting interval
	ms
	5

	CQI delay
	ms
	8

	Reporting mode
	
	PUSCH 3-0

	Sub-band size
	RB
	6 (full size)

	Max number of HARQ transmissions
	
	1

	Note 1:	If the UE reports in an available uplink reporting instance at subframe SF#n based on CQI estimation at a downlink subframe not later than SF#(n-4), this reported subband or wideband CQI cannot be applied at the eNB downlink before SF#(n+4)
Note 2:	Reference measurement channel RC.3 FDD according to Table A.4-1 with one/two sided dynamic OCNG Pattern OP.1/2 FDD as described in Annex A.5.1.1/2.
Note 3:	For each test, the minimum requirements shall be fulfilled for at least one of the two SNR(s) and the respective wanted signal input level.



Table 9.3.1.1.1-2 Minimum requirement (FDD)
	
	Test 1
	Test 2

	 [%]
	2
	2

	 [%]
	55
	55

	 
	1.1
	1.1

	UE Category
	≥1
	≥1




[bookmark: _Ref462994553]Table 2 simulated BLER per subband allocation for 4Rx with 3 dB offset in tests 1 to 4.
	Test
	sb 1
	sb 2
	sb 3
	sb 4
	sb 5
	sb 6
	sb 7
	sb 8
	sb 9

	1
	0.08
	0.09
	0.08
	0.07
	0.09
	0.08
	0.09
	0.09
	0.1

	2
	0.13
	0.13
	0.13
	0.13
	0.14
	0.14
	0.12
	0.14
	0.10

	3
	0.12
	0.14
	0.12
	0.12
	0.14
	0.11
	0.15
	0.11
	0.08

	4
	0.10
	0.11
	0.10
	0.10
	0.10
	0.09
	0.09
	0.10
	0.08




[bookmark: _Ref462994574]Table 3: Test results of 9.3.1.1 for 4Rx with 3 dB offset in tests 1 to 4.
	Test
	median
	TP_CQI
	TP_med
	Gamma-test

	1
	9
	1.513
	0.911
	1.66

	2
	10
	1.660
	0.988
	1.68

	3
	11
	2.293
	1.368
	1.68

	4
	12
	2.482
	1.459
	1.70


  
Based on Table 2 and Table 3 the 4Rx UE passes the testcase 9.3.1.1 in Frequency-selective scheduling mode.


Observation 2: The CQI requirements in 36.101 section 9.3.1 for 2Rx can be applied for 4Rx with the proposed setup and 3 dB offset.

9.3.3. Minimum requirement PUSCH 3-0 (Cell-Specific Reference Symbol)

In this test the interference is varying over the bandwidth, in 6 resource blocks the interference is about 8 dB lower than the received power from the serving cell while in the rest of the resource blocks the interference is 1 dB lower than the received signal.

Table 9.3.3.1.1-1 Sub-band test for single antenna transmission (FDD)
	Parameter
	Unit
	Test 1
	Test 2

	Bandwidth
	MHz
	10 MHz
	10 MHz

	Transmission mode
	
	1 (port 0)
	1 (port 0)

	Downlink power allocation
	

	dB
	0
	0

	
	

	dB
	0
	0

	
	
	dB
	0
	0

	
for RB 0…5
	dB[mW/15kHz]
	-102
	-93

	
for RB 6…41
	dB[mW/15kHz]
	-93
	-93

	
for RB 42…49
	dB[mW/15kHz]
	-93
	-102

	

	dB[mW/15kHz]
	-94
	-94

	Max number of HARQ transmissions
	
	1

	Propagation channel
	
	

Clause B.2.4 with s, a = 1, Hz

	Reporting interval
	ms
	5

	Antenna configuration
	
	1 x 2

	CQI delay
	ms
	8

	Reporting mode
	
	PUSCH 3-0

	Sub-band size
	RB
	6 (full size)

	Note 1:	If the UE reports in an available uplink reporting instance at subframe SF#n based on CQI estimation at a downlink subframe not later than SF#(n-4), this reported subband or wideband CQI cannot be applied at the eNB downlink before SF#(n+4) 
Note 2:	Reference measurement channel RC.3 FDD according to Table A.4-1 with one/two sided dynamic OCNG Pattern OP.1/2 FDD as described in Annex A.5.1.1/2.



	Table 9.3.3.1.1-2 Minimum requirement (FDD)
	
	Test 1
	Test 2

	 [%]
	60
	60

	 
	1.6
	1.6

	UE Category
	≥1
	≥1




Here we have done two simulations, the original one and the new 4Rx requirement based on the 2Rx requirement with 3 dB shift of the SNR, thereby the received SNR is -5dB in 6 RBs and +2 dB in the rest of the RBs.

Table 4: The result of the CQI test 9.3.3 with 4Rx and 3 dB offset of the SNR.
	Test
	median
	alpha
	TP_CQI
	TP_med
	gamma
	a-test
	g-test

	1
	5
	0.77
	0.884
	0.322
	2.75
	OK
	OK

	2
	5
	0.88
	0.846
	0.321
	2.63
	OK
	OK



Observation 3: The CQI requirements in 36.101 section 9.3.3 for 2Rx can be applied for 4Rx with the proposed setup and 3 dB offset.


PMI
For the PMI testcases the requirement is not based on any SNR, rather that the performance at 90% of the max throughput is enhanced with the signalled PMI compared with random PMI.
9.4.1.1.1 Minimum requirement PUSCH 3-1 (Cell-Specific Reference Symbols) FDD
Table 9.4.1.1.1-1: PMI test for single-layer (FDD)
	Parameter
	Unit
	Test 1

	Bandwidth
	MHz
	10

	Transmission mode
	
	6

	Propagation channel
	
	EVA5

	Precoding granularity
	PRB
	50

	Correlation and antenna configuration
	
	Low 2 x 2

	Downlink power allocation
	

	dB
	-3

	
	

	dB
	-3

	
	
	dB
	0

	

	dB[mW/15kHz]
	-98

	Reporting mode
	
	PUSCH 3-1

	Reporting interval
	ms
	1

	 PMI delay (Note 2)
	ms
	8

	Measurement channel
	
	R. 10 FDD

	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).



Table 9.4.1.1.1-2 Minimum requirement (FDD)
	Parameter
	Test 1

	 
	1.1

	UE Category
	≥1



Since the gamma is defined at 95% of the max throughput, which is 3.95Mbps, gamma shall be tested when the throughput with the follow PMI is equal to 3.55. For 4Rx this happens at about -4.6 dB and for 2Rx it happens at -2.1.


[bookmark: _GoBack]Table 2: PMI simulation results for 2Rx and 4Rx based on 9.4.1.1.1. 
	
	SNR@ 90% of Max TP [dB]
	Gamma @ 90% of Max TP

	2Rx
	4.7
	1.20

	4Rx
	1.74
	1.32



Observation 4: The PMI in the simulations show that the 4Rx test results in a higher gamma than for 2Rx



RI

9.5.1.1 Minimum requirement (Cell-Specific Reference Symbols) FDD

This basic RI requirement is testing that the performance when the signaled rank is used is enhanced compared with only rank 1 or only rank 2.

Table 9.5.1.1-1: RI Test (FDD)
	Parameter
	Unit
	Test 1
	Test 2
	Test 3

	Bandwidth
	MHz
	10

	PDSCH transmission mode
	
	4

	Downlink power allocation
	

	dB
	-3

	
	

	dB
	-3

	
	
	dB
	0

	Propagation condition and antenna configuration
	
	2 x 2 EPA5

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

	Antenna correlation
	
	Low
	Low
	High

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

	SNR
	dB
	0
	20
	20

	

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

	

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

	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)

	Note 1: If the UE reports in an available uplink reporting instance at subframe SF#n based on PMI and CQI estimation at a downlink subframe not later than SF#(n-4), this reported PMI and wideband CQI cannot be applied at the eNB downlink before SF#(n+4).
Note 2: Reference measurement channel RC.2 FDD according to Table A.4-1 with one sided dynamic OCNG Pattern OP.1 FDD as described in Annex A.5.1.1.
Note 3:	To avoid collisions between RI reports and HARQ-ACK it is necessary to report both on PUSCH instead of PUCCH. PDCCH DCI format 0 shall be transmitted in downlink SF#4 and #9 to allow periodic RI to multiplex with the HARQ-ACK on PUSCH in uplink subframe SF#8 and #3.
Note 4:	The bit field for precoding information in DCI format 2 shall be mapped as:
●	For reported RI = 1 and PMI = 0 >> precoding information bit field index = 1
●	For reported RI = 1 and PMI = 1 >> precoding information bit field index = 2
●	For reported RI = 2 and PMI = 0 >> precoding information bit field index = 0
Note 5:	To avoid the ambiguity of TE behaviour when applying CQI and PMI during rank switching, RI reports are to be applied at the TE with one subframe delay in addition to Note 1 to align with CQI and PMI reports.



Table 9.5.1.1-2: Minimum requirement (FDD)
	
	Test 1
	Test 2
	Test 3

	1
	N/A
	1.05 
	0.9

	2
	1 
	N/A
	N/A 

	UE Category
	≥2
	≥2
	≥2
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Figure 2: The 1 and 2 plots for low correlation with 4Rx
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Figure 3: The 1 and 2 plots for low correlation with 4Rx


The requirement for the low correlation at SNR=-3dB (0 dB for 2Rx) 2 shall be more than 1. In this simulation 2=1.14, larger than 1.
The requirement for the low correlation at SNR=17 dB (20 for 2Rx), 1 shall be larger than 1.05. In this simulation it is 1.45. 
Based on these simulations the UE will pass the 2Rx tests but it shall be noted that with this configuration, higher ranks will be signalled than in the normal 2Rx tests since the rank mainly depends on the fading profile. Therefore, especially in low correlation rank 2 will be used most of the time, also at low SNR, compared with the 2Rx receiver. Thereby the performance difference between follow rank (1 or 2) and fixed rank (2) is quite small also at low SNR. 


Table 5: Summary of results
	
	Requirement
	4Rx UE according applicability

	Test 1 (Low correlation)
	2>1 (at 0 dB) 
	1.14 (at -3 dB)

	Test 2 (Low correlation)
	1>1.05 (at 20 dB) 
	1.45 (at 17 dB)

	Test 3 (High correlation)
	1>0.9 (at 20 dB)
	0.95 (at 17 dB)



Observation 5: The RI requirements for 2Rx can be applied for 4Rx with the proposed setup.  

Conclusions
In this contributions several CSI tests are simulated with 2Rx and the 4Rx setup specified for the legacy 2Rx requirements in 36.101 with the specified offset of 3 dB, except for the PMI tests where the 3dB offset des not apply.
The conclusions are
Observation 1: The CQI requirements in 36.101 section 9.2.1.1 for 2Rx can be applied for 4Rx with the proposed setup and 3 dB offset.
Observation 2: The CQI requirements in 36.101 section 9.3.1 for 2Rx can be applied for 4Rx with the proposed setup and 3 dB offset.
Observation 3: The CQI requirements in 36.101 section 9.3.3 for 2Rx can be applied for 4Rx with the proposed setup and 3 dB offset.
Observation 4: The PMI in the simulations show that the 4Rx test  results in a higher gamma than for 2Rx
Observation 5: The RI requirements for 2Rx can be applied for 4Rx with the proposed setup.  
Conclusion is that all 2Rx requirements can be applied for 4Rx UEs with the proposed setup. 
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