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1 Introduction
The CQI requirements for 4Rx have been discussed for quite a few meetings now without any agreements. There are two meetings left to agree on the requirements. 
2 Discussion

2.1  CQI reporting 


In RAN4#78 meeting in the 4Rx adhoc [1] a list of CQI testcases were confirmed 
· Following CQI tests are confirmed:
· 10%BLER AWGN with CQI definition 
· CRS Rank 1: TM1  based on  9.2.1.1 & 9.2.1.2
· CSI-RS Rank 1: TM9 based on  9.2.3.1 & 9.2.3.2 
· CRS Rank 3 and/or 4: TM4 based on 9.2.2.1 & 9.2.2.2
· CSI-RS Rank 3 or 4: TM9 based on 9.2.3.1 & 9.2.3.2
· Fading Type A
· CRS Rank 1: TM1. Based on 9.3.5.1
· CSI-RS Rank 1. TM9, Based on 9.3.5.2
We have focused on these requirements to be able to reach an agreement. The AWGN CQI definition requirements are highest prioritized and in many case the most demanding requirements. Especially they seems to be difficult  for rank 3 with two codewords with different performance.
2.1.1 AWGN

2.1.1.1 Rank 1 & 2
In this requirement the median CQI is detected, at least 90% of the reported values shall be within +/- 1dB from the median CQI. This is measured by the parameter  below. Then the BLER is measured for the transport format indicated by median  CQI, for the transport format indicated by Median CQI -1 and for the transport format indicated by Median CQI + 1. If the BLER for the Median CQI is less than 0.1, then the BLER for the Median CQI shall be larger than 0.1. Otherwise if the BLER of the Median CQI is more than 0.1, then the BLER ocf Median CQI -1 shall be less than 0.1. Then there are two measured SNRs per test. At least one of them shall pass in order to pass the test. Thereby it is tested that CQI leads to a BLER close to 0.1.
Table 1: Simulation results for 4Rx UE of CRS based rank 1, TM1, requirement from 9.2.1.1 FDD
	Test
	SNR
	median
	
	BLER 

Median CQI -1
	BLER

Median CQI
	BLER Median CQI + 1
	TP
	a-test
	b-test

	1
	0
	7
	1.00
	0.000
	0.000
	1.000
	7.130
	OK
	OK

	
	1
	8
	1.00
	0.000
	0.005
	1.000
	9.538
	OK
	OK

	2
	6
	11
	1.00
	0.001
	1.000
	1.000
	4.599
	OK
	OK

	
	7
	11
	1.00
	0.000
	0.012
	1.000
	16.569
	OK
	OK


Table 2: Simulation results for 4Rx UE of CRS based rank 1, TM1, requirement from 9.2.1.2 TDD

	Test
	SNR
	median
	
	BLER 

Median CQI -1
	BLER

Median CQI
	BLER Median CQI + 1
	TP
	a-test
	b-test

	1
	0
	8
	1.000
	0.000
	1.000
	1.000
	0.323
	OK
	OK

	
	1
	9
	0.998
	0.453
	1.000
	1.000
	0.651
	OK
	FAIL

	2
	11
	11
	1.000
	0.113  
	1.000  
	1.000  
	2.020  
	OK
	FAIL

	
	12
	11
	1.000
	0.024  
	0.182  
	1.000  
	7.778  
	OK
	OK


Table 3: Simulation results for 4Rx UE of CSI-RS based rank 1, TM1, requirement from 9.2.3.1 FDD
	Test
	SNR
	Median CQI
	
	BLER 

Median CQI - 1
	BLER

Median CQI
	BLER Median CQI + 1
	TP
	a-test
	b-test

	1
	7
	11
	1.000
	0.000
	0.066
	1.000
	12.939
	OK
	OK

	
	8
	12
	1.000
	0.005
	1.000
	1.000
	6.921
	OK
	OK

	2
	13
	14
	1.000
	0.003
	0.420
	1.000
	18.662
	OK
	OK

	
	14
	14
	1.000
	0.002
	0.033
	1.000
	21.021
	OK
	OK


Table 4: Simulation results for 4Rx UE of CSI-RS based rank 1, TM1, requirement from 9.2.3.2 TDD
	Test
	SNR
	median
	
	BLER 

Median CQI -1
	BLER

Median CQI
	BLER Median CQI + 1
	TP
	a-test
	b-test

	1
	4
	11
	1.000
	0.001
	0.037
	1.000
	6.268
	OK
	OK

	
	5
	12
	1.000
	0.004
	1.000
	1.000
	5.464
	OK
	OK

	2
	10
	14
	1.000
	0.001
	0.224
	1.000
	9.349
	OK
	OK

	
	11
	14
	1.000
	0.001
	0.027
	1.000
	10.278
	OK
	OK


Observation 1: Layer 1 AWGN tests are very sensitive to SNR, BLER is either close to 1 or close to 0. 

Proposal 1: Include 1 Layer AWGN CQI requirements for 4Rx receivers.
 

Table 5: Simulation results for 4Rx UE of CSI-RS based rank 2, TM9, requirement from 9.2.3.1 FDD

	SNR
	Code-Word
	Median CQI
	
	BLER 

Median CQI - 1
	BLER

Median CQI
	BLER Median CQI + 1
	TP
	a-test
	b-test

	0
	0      
	6
	0.983
	0.000
	0.999
	1.000
	2.325
	OK
	OK

	
	1     
	6
	0.985
	0.001
	1.000
	1.000
	2.325
	OK
	OK

	1
	0      
	6
	0.999
	0.000
	0.003
	1.000
	7.970
	OK
	OK

	
	1     
	6
	1.000
	0.000 
	0.005
	1.000
	7.970 
	OK
	OK

	2
	0      
	7 
	0.999
	0.001
	0.999
	1.000
	2.553
	OK 
	OK

	
	1     
	7
	1.000
	0.001
	1.000
	1.000
	2.553
	OK
	OK

	3
	0      
	7 
	1.000
	0.000
	0.005
	1.000
	10.193
	OK
	OK

	
	1     
	7 
	1.000
	0.000
	0.004
	1.000
	10.193
	OK
	OK

	4
	0      
	8 
	1.000
	0.001
	0.956 
	1.000
	2.289
	OK
	OK

	
	1     
	8
	1.000
	0.000
	0.955
	1.000
	2.289
	OK
	OK

	5
	0      
	8
	1.000
	0.000
	0.004 
	1.000
	12.728
	OK 
	OK

	
	1     
	8 
	1.000
	0.000
	0.004
	1.000
	12.728
	OK
	OK

	6
	0      
	9
	1.000
	0.001
	0.917
	1.000
	2.304
	OK
	OK

	
	1     
	9
	1.000
	0.000
	0.917
	1.000
	2.304
	OK
	OK

	7
	0      
	9
	1.000
	0.000
	0.006
	1.000
	19.002
	OK
	OK

	
	1     
	9
	1.000
	0.000
	0.007
	1.000
	19.002
	OK
	OK

	8
	0      
	10
	1.000
	0.001
	0.741
	1.000
	7.286
	OK
	OK

	
	1     
	10
	1.000
	0.002
	0.748
	1.000
	7.286
	OK
	OK

	9
	0      
	10
	1.000
	0.000
	0.003
	1.000
	17.263
	OK
	OK

	
	1     
	10
	1.000
	0.001
	0.004
	1.000
	17.263
	OK
	OK

	10
	0      
	11
	1.000
	0.000
	0.660
	1.000
	9.531
	OK
	OK

	
	1     
	11
	1.000
	0.001
	0.666
	1.000
	9.531
	OK
	OK

	11
	0      
	12
	1.000
	0.005
	1.000
	1.000
	8.342
	OK
	OK

	
	1     
	12
	1.000
	0.005
	1.000
	1.000
	8.342
	OK
	OK

	12
	0      
	12
	1.000
	0.000
	0.824
	1.000
	5.799
	OK
	OK

	
	1     
	12
	1.000
	0.001
	0.824
	1.000
	5.799
	OK
	OK

	13
	0      
	12
	1.000
	0.000
	0.010
	1.000
	19.605
	OK
	OK

	
	1     
	12
	1.000
	0.000
	0.010
	1.000
	19.605
	OK
	OK

	14
	0      
	13
	1.000
	0.003
	0.899
	1.000
	4.109
	OK
	OK

	
	1     
	13
	1.000
	0.001
	0.894
	1.000
	4.109
	OK
	OK

	15
	0      
	13
	1.000
	0.001
	0.029
	1.000
	35.583
	OK
	OK

	
	1     
	13
	1.000
	0.001
	0.033
	1.000
	35.583
	OK
	OK


 

2.1.1.2 Rank 3 & 4
2.1.1.2.1 FDD, CRS-based requirement from 9.2.2.1, TM3
Below are the proposed FDD testcases for rank 3 and 4 based on section 9.2.2.1 simulated. 
Table 7: Simulation results for 4Rx UE of CRS-based rank 3, TM3, requirement from 9.2.2.1 FDD

	Test
	SNR
	Median CQI
	
	BLER 

Median CQI - 1
	BLER

Median CQI
	BLER Median CQI + 1
	TP
	a-test
	b-test

	
	9      
	9      
	1.000  
	0.000  
	0.002  
	0.597  
	40.610 
	OK     
	OK

	
	10     
	9      
	1.000  
	0.000  
	0.000  
	0.002  
	40.630 
	OK     
	FAIL

	
	11     
	10     
	1.000  
	0.000  
	0.001  
	0.731  
	48.565 
	OK     
	OK

	
	16     
	12     
	1.000  
	0.000  
	0.001  
	0.046  
	67.808 
	OK     
	FAIL

	
	17     
	13     
	1.000  
	0.001  
	0.011  
	1.000  
	78.436 
	OK     
	OK

	
	18     
	13     
	1.000  
	0.000  
	0.004  
	0.158  
	80.548 
	OK     
	OK


 

Table 8: Simulation results for 4Rx UE of CRS-based rank 4, TM3, requirement from 9.2.2.1 FDD

	Test
	SNR
	Median CQI
	
	BLER 

Median CQI - 1
	BLER

Median CQI
	BLER Median CQI + 1
	TP
	a-test
	b-test

	
	9      
	9      
	1.000  
	0.000  
	0.012  
	1.000  
	40.609 
	OK     
	OK

	
	10     
	9      
	1.000  
	0.000  
	0.002  
	0.999  
	40.649 
	OK     
	OK

	
	11     
	10     
	1.000  
	0.001  
	0.006  
	1.000  
	48.628 
	OK     
	OK

	
	16     
	12     
	1.000  
	0.001  
	0.007  
	1.000  
	67.929 
	OK     
	OK

	
	17     
	13     
	1.000  
	0.002  
	0.117  
	1.000  
	78.328 
	OK     
	OK

	
	18     
	13     
	1.000  
	0.001  
	0.025  
	1.000  
	80.705 
	OK     
	OK


2.1.1.2.2 FDD, CSI-RS-based requirement from 9.2.3.1, TM9
In a similar way a 3 Layer transport format simulated for the CSI-RS based rank 3, TM9, requirement based on 9.2.3.1.  Here the CQI and BLER is shown for each of the two codewords for all SNRs between 0 and 15 dB.
The 2Rx requirement for this test is that the reported CQI shall in over 90% of the cases be within the set Median CQI-1, Median CQI and Median CQI+1 (a-test) . And that if BLER  is less than 0.1 for Median CQI then BLER shall be more than 0.1 for Median CQI+1 and if BLER  is more than 0.1 for Median CQI then BLER shall be less than 0.1 for Median CQI-1 (b-test). 

It is stated for each of the SNR value and codeword if it passes these two testcases.

 

Table 12: Simulation results for 4Rx UE of CSI-RS based rank 3, TM9, requirement from 9.2.3.1 FDD
	SNR
	Code-Word
	Median CQI
	
	BLER 

Median CQI - 1
	BLER

Median CQI
	BLER Median CQI + 1
	TP
	a-test
	b-test

	0
	0      
	5      
	0.998  
	0.000  
	0.997  
	1.000  
	2.463  
	OK     
	OK

	
	1     
	5      
	1.000  
	0.000  
	1.000  
	1.000  
	2.463  
	OK     
	OK

	1
	0      
	5      
	1.000  
	0.000  
	0.003  
	1.000  
	8.907  
	OK     
	OK

	
	1     
	5      
	1.000  
	0.000  
	0.004  
	1.000  
	8.907  
	OK     
	OK

	2
	0      
	6    
	1.000  
	0.000  
	0.703  
	1.000  
	3.808  
	OK     
	OK

	
	1     
	6      
	1.000  
	0.000  
	0.906  
	1.000  
	3.808  
	OK     
	OK

	3
	0      
	6      
	1.000  
	0.000  
	0.003  
	1.000  
	12.512 
	OK     
	OK

	
	1     
	6      
	1.000  
	0.000  
	0.003  
	1.000  
	12.512 
	OK     
	OK

	4
	0      
	7      
	1.000  
	0.000  
	0.830  
	1.000  
	4.774  
	OK     
	OK

	
	1     
	7      
	1.000  
	0.000  
	0.871  
	1.000  
	4.774  
	OK     
	OK

	5
	0      
	7      
	1.000  
	0.000  
	0.005  
	1.000  
	15.098 
	OK     
	OK

	
	1     
	7      
	1.000  
	0.000  
	0.004  
	1.000  
	15.098 
	OK     
	OK

	6
	0      
	8      
	1.000  
	0.001  
	0.380  
	1.000  
	13.737 
	OK     
	OK

	
	1     
	8      
	1.000  
	0.001  
	0.328  
	1.000  
	13.737 
	OK     
	OK

	7
	0      
	8      
	1.000  
	0.000  
	0.002  
	1.000  
	18.380 
	OK     
	OK

	
	1     
	8      
	1.000  
	0.000  
	0.002  
	1.000  
	18.380 
	OK     
	OK

	8
	0      
	9      
	1.000  
	0.000  
	0.261  
	1.000  
	17.839 
	OK     
	OK

	
	1     
	9      
	1.000  
	0.000  
	0.349  
	1.000  
	17.839 
	OK     
	OK

	9
	0      
	9      
	1.000  
	0.000  
	0.003  
	1.000  
	25.481 
	OK     
	OK

	
	1     
	9      
	1.000  
	0.000  
	0.008  
	1.000  
	25.481 
	OK     
	OK

	10
	0      
	10     
	1.000  
	0.000  
	0.281  
	1.000  
	22.125 
	OK     
	OK

	
	1     
	10     
	1.000  
	0.001  
	0.233  
	1.000  
	22.125 
	OK     
	OK

	11
	0      
	10     
	1.000  
	0.000  
	0.003  
	1.000  
	21.779 
	OK     
	OK

	
	1     
	10     
	1.000  
	0.000  
	0.006  
	1.000  
	21.779 
	OK     
	OK

	12
	0      
	11     
	1.000  
	0.001  
	0.195  
	1.000  
	26.634 
	OK     
	OK

	
	1     
	11     
	1.000  
	0.001  
	0.309  
	1.000  
	26.634 
	OK     
	OK

	13
	0      
	12     
	1.000  
	0.003  
	1.000  
	1.000  
	4.285  
	OK     
	OK

	
	1     
	12     
	1.000  
	0.009  
	1.000  
	1.000  
	4.285  
	OK     
	OK

	14
	0      
	12     
	1.000  
	0.000  
	0.345  
	1.000  
	22.818 
	OK     
	OK

	
	1     
	12     
	1.000  
	0.002  
	0.526  
	1.000  
	22.818 
	OK     
	OK

	15
	0      
	12     
	1.000  
	0.000  
	0.008  
	1.000  
	20.853 
	OK     
	OK

	
	1     
	13     
	1.000  
	0.017  
	1.000  
	1.000  
	20.853 
	OK     
	OK


Here it is seen that in all cases the BLER for CQI+1 is 1.0 and for CQI-1 it is at most 0,017. Thus, the AWGN channel is very sensitive to the choice of CQI.
Observation 2: The 3 Layer AWGN test is very sensitive to SNR.
Proposal 2: Investigate new requirements for 3 Layers in order to guarantee that the UEs has a good matching between the performance of the two codewords.

4 Layer performance has been simulated as well. Here it is the same coding on the two codewords.
Table 14: Simulation results for 4Rx UE of CSI-RS based rank 4, TM9, requirement from 9.2.3.1 FDD
	SNR
	Code-Word
	Median CQI
	
	BLER 

Median CQI - 1
	BLER

Median CQI
	BLER Median CQI + 1
	TP
	a-test
	b-test

	0
	0      
	4      
	1.000  
	0.000  
	0.280  
	1.000  
	6.101  
	OK  
	   OK

	
	1     
	4      
	1.000  
	0.000  
	0.286  
	1.000  
	6.101  
	OK     
	OK

	1
	0      
	4      
	1.000  
	0.000  
	0.000  
	1.000  
	6.466  
	OK     
	OK

	
	1     
	4      
	1.000  
	0.000  
	0.001  
	1.000  
	6.466  
	OK     
	OK

	2
	0      
	5      
	1.000  
	0.000  
	0.019  
	1.000  
	12.342 
	OK     
	OK

	
	1     
	5      
	1.000  
	0.000  
	0.021  
	1.000  
	12.342 
	OK     
	OK

	3
	0      
	5      
	1.000  
	0.000  
	0.000  
	1.000  
	9.512  
	OK     
	OK

	
	1     
	5      
	1.000  
	0.000  
	0.001  
	1.000  
	9.512  
	OK     
	OK

	4
	0      
	6      
	1.000  
	0.000  
	0.008  
	1.000  
	16.891 
	OK     
	OK

	
	1     
	6      
	1.000  
	0.000  
	0.006  
	1.000  
	16.891 
	OK     
	OK

	5
	0      
	6      
	1.000  
	0.000  
	0.001  
	1.000  
	12.920 
	OK     
	OK

	
	1     
	6      
	1.000  
	0.000  
	0.001  
	1.000  
	12.920 
	OK     
	OK

	6
	0      
	7      
	1.000  
	0.000  
	0.005  
	1.000  
	21.200 
	OK     
	OK

	
	1     
	7      
	1.000  
	0.000  
	0.009  
	1.000  
	21.200 
	OK     
	OK

	7
	0      
	8      
	1.000  
	0.002  
	1.000  
	1.000  
	6.379  
	OK     
	OK

	
	1     
	8      
	1.000  
	0.001  
	0.999  
	1.000  
	6.379  
	OK     
	OK

	8
	0      
	8   
	1.000  
	0.000  
	0.005  
	1.000  
	27.598 
	OK     
	OK

	
	1     
	8      
	1.000  
	0.000  
	0.004  
	1.000  
	27.598 
	OK     
	OK

	9
	0      
	9      
	1.000  
	0.002  
	1.000  
	1.000  
	0.796  
	OK     
	OK

	
	1     
	9      
	1.000  
	0.001  
	1.000  
	1.000  
	0.796  
	OK     
	OK

	10
	0      
	9      
	1.000  
	0.000  
	0.010  
	1.000  
	34.560 
	OK     
	OK

	
	1     
	9      
	1.000  
	0.001  
	0.013  
	1.000  
	34.560 
	OK     
	OK

	11
	0      
	10     
	1.000  
	0.002  
	0.999  
	1.000  
	4.219  
	OK     
	OK

	
	1     
	10     
	1.000  
	0.003  
	1.000  
	1.000  
	4.219  
	OK     
	OK

	12
	0      
	10     
	1.000  
	0.000  
	0.013  
	1.000  
	39.193 
	OK     
	OK

	
	1     
	10     
	1.000  
	0.000  
	0.013  
	1.000  
	39.193 
	OK     
	OK

	13
	0      
	11     
	1.000  
	0.003  
	1.000  
	1.000  
	0.045  
	OK     
	OK

	
	1     
	11     
	1.000  
	0.003  
	1.000  
	1.000  
	0.045  
	OK     
	OK

	14
	0      
	11     
	1.000  
	0.001  
	0.021  
	1.000  
	43.556 
	OK     
	OK

	
	1     
	11     
	1.000  
	0.000  
	0.023  
	1.000  
	43.556 
	OK     
	OK

	15
	0      
	12     
	1.000  
	0.008  
	1.000  
	1.000  
	0.045  
	OK     
	OK

	
	1     
	12     
	1.000  
	0.004  
	1.000  
	1.000  
	0.045  
	OK     
	OK


The conclusion from these simulations is also that the BLERt is very sensitive to the CQI. Therefore the throughput for the Median CQI varies very much. But the BLER for CQI-1 is always very close to 0 and for CQI+1 the BLER is always equal 1.0.

2.1.2 Fading 

For the fading requirements it is important to have requirements on an IRC receiver, enhanced receiver Type A, it has been proposed to be tested based on requirements in section 9.3.5. In these requirements there is one Tx and there is no reason to change that. Here a 4Rx UE should have an enhanced performance in the fading environment from 1 Tx, compared with the performance of 2Rx. 

Then it is also essential to test the distribution of the CQI reporting as specified in 9.3.2.1 and 9.3.2.2. Here we have  a preference on rank 1 as they are defined for 2Rx UEs today. For this testcase in fading environment the behaviour of the 4Rx UE shall be improved compared with the current requirements on 2Rx UE. 
Requirements on CQI reporting for higher ranks is important, here we propose to test relative throughput when using reported CQI compared with fixed CQI for higher rank, 3 layers. 
2.1.2.1 IRC receiver

Simulations based on 9.3.5.1, PUCCH 1-0 reporting are shown here.
It was proposed to investigate a 1 Layer IRC scenario based on section 9.3.5.1 and 9.3.5.2 for CRS based and CSI-RS based scenario. 

This has not been simulated

3 Conclusions

Observation 1: Layer 1 AWGN tests are very sensitive to SNR, BLER is either close to 1 or close to 0. 

Observation 2: The 3 Layer AWGN test is very sensitive to SNR.

Proposal 1: Include 1 Layer AWGN CQI requirements for 4Rx receivers.

Proposal 2: Investigate new requirements for 3 Layers in order to guarantee that the UEs has a good matching between the performance of the two codewords.
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