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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 three meetings left to agree on the requirements. 
2 Discussion

2.1  CQI reporting 


In RAN4#77 meeting in the 4Rx adhoc a list of CQI testcases was discussed, nothing was agreed. 
After considerations shown below we propose the following testcases for 4Rx CQI performance. .
· 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
· Report CQI outside medium CQI 
· CRS Rank 1: TM4. Based on 9.3.2.1
· CSI-RS Rank 1: TM9. Based on 9.3.2.2
· Subband CQ with channel constructed in a noise different vary over frequency
· 9.3.3.1
Minimum requirement PUSCH 3-0 (Cell-Specific Reference Symbol)
· Fading high rank
· Fixed rank 3, EVA low, medium CQI=[x, y], TM3, follow CQI vs. fixed CQI
2.1.1 AWGN

2.1.1.1 1 Layer
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.
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

	
	11
	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.
2.1.1.2 3 & 4 Layers

In a similar way a 3 Layer transport format simulated for the CSI-RS based rank 3, TM4, requirement based on 9.2.3.1

Table 5: Simulation results for 4Rx UE of CSI-RS based rank 3, TM9, requirement from 9.2.3.1 FDD
	Test
	SNR   
	  median  
	  
	BLER 

Median CQI -1
	BLER

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

	1
	7       
	7       
	1.000   
	0.010   
	0.375   
	0.453   
	8.273   
	OK      
	OK

	
	8       
	7       
	1.000   
	0.163   
	0.132   
	0.419   
	13.301  
	OK      
	FAIL

	2
	13      
	10      
	1.000   
	0.345   
	0.383   
	0.450   
	13.398  
	OK      
	FAIL

	
	14      
	10      
	1.000   
	0.411   
	0.372   
	0.415   
	16.060  
	OK      
	FAIL


Here it is seen that three of the subtests fail since the BLER is not changing very much with the CQI???One problem with the 3 Layer simulation is that there is two codewords of different sizes that shall be controlled simultaneously. Especially for AWGN that becomes very sensitive, to control the CQI so that both codewords have the same slope at the same SNR.
Observation 2: The 3 Layer AWGN test is very sensitive to SNR as well since it is difficult to control CQI for both codewords in AWGN environment.
4 Layer performance has been simulated as well. 
Table 6: Simulation results for 4Rx UE of CSI-RS based rank 4, TM9, requirement from 9.2.3.1 FDD
	Test
	SNR   
	  median  
	  
	BLER 

Median CQI -1
	BLER

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

	1
	7       
	6       
	1.000   
	0.001   
	0.118   
	0.485   
	13.185  
	OK      
	OK

	
	8       
	6       
	1.000   
	0.001   
	0.021   
	0.296   
	16.864  
	OK      
	OK

	2
	13      
	9       
	1.000   
	0.056   
	0.285   
	0.457   
	22.900  
	OK      
	OK

	
	14      
	9       
	1.000   
	0.029   
	0.144   
	0.387   
	20.813  
	OK      
	OK


In this case with 4 Layers the tests works without any problems. 

Table 7: Simulation results for 4Rx UE of CSI-RS based rank 4, TM9, requirement from 9.2.3.2.TDD
	Test
	SNR   
	Median CQI  
	  
	BLER 

Median CQI -1
	BLER

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

	1
	4       
	5       
	1.000   
	0.000   
	0.361   
	0.886   
	3.253   
	OK      
	OK

	
	5       
	5       
	1.000   
	0.000   
	0.272   
	0.696   
	3.740   
	OK      
	OK

	2
	10      
	8       
	1.000   
	0.717   
	0.746   
	0.930   
	1.722   
	OK      
	FAIL

	
	11      
	9       
	1.000   
	0.273   
	0.908   
	0.920   
	2.366   
	OK      
	FAIL


For the 4 Layer TDD test at high SNR the test failed, however the performance is better than for 3 Layers
Observation 3: It is much easier to have a good performance of 4 Layer in AWGN than of 3 Layers, due to the matching of performance between the two codewords for 3 Layers, even if the AWGN case 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.
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. 
Then it is finally in our view essential to test subband CQI for frequency selective interference. For this case the proposed requirement is based on current requirement 9.3.3.1, where PUSCH 3-0 reporting is used. 
In an environment where the interference is not flat it is essential that the UE shall be able to handle this situation. The CQI estimation is different for the 4 Layer UE, therefore it is essential that some important scenario like subband CQI test is evaluated 
2.1.2.1 1 Layer

2.1.2.1.1 IRC receiver
It is 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. 

In the CRS based section 9.3.5.1 the requirements are given by: 
“For the parameters specified in Table 9.3.5.1.1-1, and using the downlink physical channels specified in Annex C, the minimum requirements are specified in Table 9.3.5.1.1-2 and by the following 

a)
the ratio of the throughput obtained when transmitting the transport format indicated by each reported wideband CQI index subject to an interference source with specified DIP and that obtained when transmitting the transport format indicated by each reported wideband CQI index subject to a white Gaussian noise source shall be ≥ ;

b)
when transmitting the transport format indicated by each reported wideband CQI index subject to an interference source with specified DIP, the average BLER for the indicated transport formats shall be greater than or equal to 2%. “
This test is simulated for 4Rx, FDD 
Table 8: Simulation results for 4Rx UE of CRS based requirement from 9.3.5.1.FDD
	TPUT with random noise
	TPUT when interfered by neighbor cell 
	gamma   
	BLER when interfered by neighbor cell 
	g-test  
	bler-test

	2.724   
	8.025   
	2.946   
	0.509   
	OK      
	OK


In the CSI-RS based section 9.3.5.2 the scenario and requirement is similar Then we have simulated the following results. 
Table 9: Simulation results for 4Rx UE of CRS based requirement from 9.3.5.2.FDD
	TPUT with random noise 
	TPUT when interfered by neighbor cell 
	gamma   
	BLER when interfered by neighbor cell 
	g-test  
	bler-test

	2.210   
	9.997   
	4.523   
	0.385   
	OK      
	OK


Both of the testcases passed the 2Rx requirements.
The IRC receiver is in many cases very important for the UE performance and it is essential that the CQI report follows the performance of the IRC receiver, otherwise there is not much gain of the IRC receiver. Therefore it is essential to include this test for the combination of 4Rx and IRC receiver.  
Observation 4: The simulation results of the IRC receiver shows that the 4Rx UE also improves the performance with the IRC receiver 
Proposal 3. Introduce performance requirements for CQI reporting with an IRC receiver for a 4Rx UE for both FDD and TDD, based on the 2Rx test in 9.3.5.1.
2.1.2.1.2 Frequency-selective interference
It is also proposed to test the frequency selective interference on a 4Rx UE. This scenario is quite important for all UEs, the interference varies over the bandwidth and the UE need to andle that. The 4Rx receiver is behaving differently and there is a risk that it behaves different compared with the 2Rx UE.
In this case the same test setup is used as for the 2Rx UE.

The requirements in this test is that 

a) sub-band differential CQI offset level of +2 shall be reported at least  =60% for at least one of the sub-bands of full size at the channel edges
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 ≥ 
Here are two testcases, where the interference is lower in one side of the bandwidth than in the other. In test 1, the interference is lower in the lower end of the bandwidth while in test 2 the interference is lower in the higher end of the bandwidth. This is simulated for both FDD and TDD. 

Table 10: Simulation results for 4Rx UE of frequency selective interference testcase, requirement from 9.3.3.1. FDD
	Test    
	Median CQI 
	
	TP_CQI  
	TP_med  
	
	a-test  
	g-test

	1       
	6       
	0.74    
	1.236   
	0.448   
	2.76    
	OK      
	OK

	2       
	7       
	0.60    
	1.325   
	0.498   
	2.66    
	FAIL    
	OK


	Test    
	Median CQI 
	
	TP_CQI  
	TP_med  
	
	a-test  
	g-test

	1       
	7       
	0.66    
	0.400   
	0.221   
	1.81    
	OK      
	OK

	2       
	7       
	0.64    
	0.399   
	0.226   
	1.77    
	OK      
	OK


The conclusion of these simulations is that the receiver is failing one of the testcases, test 2. The test fails because the CQI difference between the lower and higher parts of the band is lower than required. Based on this we think it is important to investigate this subband interference testcase more. 
Observation 5: The simulations indicate that the 4Rx performance for tests with fading subband interferers passes the same tests as 2 Rx UEs. 
Proposal 4: To include fading subband interference requirements for 4Rx receivers with 1 Layer, based on section 9.3.3.1.
2.1.2.2 3 and 4 Layers
In this simulation the test is based on section 9.3.2.1, Minimum requirement PUCCH 1-0 (Cell-Specific Reference Symbol), but now a 4Tx eNodeB and a 4Rx UE is used instead. The test is that 

a) The reported CQI shall in at least =20% out of the tests, be outside the set of (median CQI-1, median CQI and median CQI+1). The outcome of this measurement is shown in the column  below. 
b) The ratio of the TP between follow CQI and fixed median CQI shall be higher than =1.05 in this section

c) The average BLER shall be >2%, shown
Below a Layer Layer 3 test as simulated, the transmission uses two different codewords with different length, the CQI is therefore different between the codewords. Below the results for each of the codewords are shown. Finally it was noted that the result depends n the used PMI. Therefore, the test was started by evaluating the best PMI which hwas then used during the simulations. 
	Test
	SNR     
	median CQI 
	
	BLER    
	TP_CQI  
	TP_med  
	TP_CQI
/
TP_med
	-test  
	BLER-test  
	-test

	
	9       
	8       
	0.690   
	0.147   
	10.880  
	3.475   
	3.13
	OK      
	OK      
	OK

	
	9       
	3       
	0.945   
	0.087   
	10.880  
	3.475   
	3.13
	FAIL    
	OK      
	OK

	
	10      
	8       
	0.691   
	0.161   
	11.613  
	3.475   
	3.34
	OK      
	OK      
	OK

	
	10      
	3       
	0.967   
	0.072   
	11.613  
	3.475   
	3.34
	FAIL    
	OK      
	OK

	
	20      
	11      
	0.648   
	0.168   
	19.674  
	8.109   
	2.43
	OK      
	OK      
	OK

	
	20      
	5       
	0.896   
	0.020   
	19.674  
	8.109   
	2.43
	FAIL    
	OK      
	OK

	
	21      
	11      
	0.666   
	0.149   
	20.788  
	8.109   
	2.56
	OK      
	OK      
	OK

	
	21      
	5       
	0.856   
	0.018   
	20.788  
	8.109   
	2.56
	FAIL    
	FAIL    
	OK


The conclusion from these simulations is that it works quite well, the distribution of the reported CQI test of the 3rd Layer with the lower CQI is in all simulations smaller than the requirement in the 1Rx case. The background is that the distribution of the received fading becomes less when more receivers is used even if 3 Layers are used for MIMO. Therefore the requirement of the distribution of the CQI  needs to be investigated
Observation 6: The 3 Layer fading test fails for the lower CQI in the 3 Layer tests due to a too narrow CQI distribution. Based on this result the requirement of the CQI distribution, especially of the third layer with smaller codewords needs to be evaluated. 
Observation 7: The simulated ratios of throughputs in the 3 Layer test is much higher than the current requirements. The required ratio, set by , needs to be evaluated.

Proposal 5: To include 3 Layers requirements for 4Rx receivers with  CRS and with CSI-RS based reception for fading environment based on the requirements in section 9.3.2.1 and 9.3.2.2.
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 as well since it is difficult to control CQI for both codewords in AWGN environment.

Observation 3: It is much easier to have a good performance of 4 Layer in AWGN than of 3 Layers, due to the matching of performance between the two codewords for 3 Layers, even if the AWGN case is very sensitive to SNR.

Observation 4: The simulation results of the IRC receiver shows that the 4Rx UE also improves the performance with the IRC receiver 

Observation 5: The simulations indicate that the 4Rx performance for tests with fading subband interferers passes the same tests as 2 Rx UEs.

Observation 6: The 3 Layer fading test fails for the lower CQI in the 3 Layer tests due to a too narrow CQI distribution. Based on this result the requirement of the CQI distribution, especially of the third layer with smaller codewords needs to be evaluated. 

Observation 7: The simulated ratios of throughputs in the 3 Layer test is much higher than the current requirements. The required ratio, set by , needs to be evaluated.

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.

Proposal 3. Introduce performance requirements for CQI reporting with an IRC receiver for a 4Rx UE for both FDD and TDD, based on the 2Rx test in 9.3.5.1.
Proposal 4: To include fading subband interference requirements for 4Rx receivers with 1 Layer, based on section 9.3.3.1.

Proposal 5: To include 3 Layers requirements for 4Rx receivers with  CRS and with CSI-RS based reception for fading environment based on the requirements in section 9.3.2.1 and 9.3.2.2.
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