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1
Introduction
In this contribution, we present our view on the test case setup for MMSE-IRC enhanced receiver. 
2
Discussion

In RAN4#62bis, the baseline simulation assumptions were agreed [1]. For the easiness of referring to these simulation scenarios we summarized it in Table 1.
Table 1 Simulation cases for MMSE-IRC

	Simulation cases
	Geometry G
	Serving cell TM
	Interfering cells TM

	Case 1
	0 dB
	TM6
	TM4

	Case 2
	0 dB
	TM9
	TM9

	Case 3
	0 dB
	TM2
	TM3

	Case 4
	-2.5 dB
	TM6
	TM4

	Case 5
	-2.5 dB
	TM9
	TM9

	Case 6
	-2.5 dB
	TM2
	TM3


Next we will have some discussion on the framework of the test case setup.
2.1 MCS selection
 
In the study item, we considered two geometry cases and simulated three MCS values for each of the geometry scenario. Obviously, in the work item there is no additional benefit to consider all the MCS values and some MSC down-selection should be done. The next question is then which MCSs value should be appropriate for the purpose of testing. In our view the selected MCS values should satisfy the requirement of:
1. Having enough performance gap between MMSE-IRC and MMSE receivers

2. Differentiating performance of MMSE-IRC implementations

The first item is to ensure that MMSE-IRC receiver is implemented in the UE and the second item is to make sure that the implementation meets some minimum performance requirement. To find the best MCS values to fulfill the two criteria we sweep all the possible MCS values for simulations. The simulation parameters are taken directly from the study item and shown in Table 2.
Table 2 Testing setup parameters from SI

	SINR (dB)
	DIP1 (dB)
	DIP2 (dB)
	SIR (dB)
	SNR (dB)

	0
	-2.0561
	-8.2463
	1.1204
	6.4323

	-2.5
	-1.73
	-8.66
	-1.5718
	4.6573


Figure 1 and 2 show the simulation results for different transmission modes. Presented in the figures are the relative throughput gain of IRC over MMSE receiver and the percentage of maximum throughput gain at the tested MCS values.
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Figure 1MCS selection for 0 dB geometry scenario
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Figure 2 1MCS selection for -2.5 dB geometry scenario
In the existing demodulation tests, 70% of maximum throughput point is usually a good testing point which is able to satisfy criteria 2. In MMSE-IRC demodulation test we should reuse this testing point to choose the possible MCS candidates. Final MCS value could be chosen from the candidate MCS values with the largest IRC throughput gain over MMSE receiver. 70% maximum throughput are plotted using the red lines in the figures and we can see that the following MCS values are close to 70% maximum throughput point and achieving good throughput gain over MMSE receiver at the same time:
· For 0 dB geometry scenario

· Case 1 (TM6/TM4):  MCS=12,   31% throughput gain 
· Case 2 (TM9/TM9):  MCS=12,   25% throughput gain
· Case 3 (TM2/TM3):  MCS=7,     15% throughput gain
· For -2.5 dB geometry scenario

· Case 4 (TM6/TM4):  MCS=8,     37% throughput gain 

· Case 5 (TM9/TM9):  MCS=12,   30% throughput gain
· Case 6 (TM2/TM3):  MCS=5,     20% throughput gain
Based on the simulation results and selection criteria, we have the following proposal for the MCS values to use in the test cases. 
Proposal 1: 

Use the MCS values in Table 3 for MMSE-IRC demodulation test cases
Table 3 Proposed MCS values for different simulation cases

	Simulation cases
	Geometry G
	Serving cell TM
	Interfering cells TM
	MCS

	Case 1
	0 dB
	TM6
	TM4
	12

	Case 2
	0 dB
	TM9
	TM9
	12

	Case 3
	0 dB
	TM2
	TM3
	7

	Case 4
	-2.5 dB
	TM6
	TM4
	8

	Case 5
	-2.5 dB
	TM9
	TM9
	8

	Case 6
	-2.5 dB
	TM2
	TM3
	5


2.2
SINR/SIR/SNR/DIP
For running the link level simulation to define the performance requirement, we need to decide on what important system parameters should be kept constant. As shown below,
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SIR: ratio of serving signal power over total interfering signal power

SNR: ratio of serving signal power over AWGN

DIP: ratio of total interfering signal power over interference plus AWGN

There are two obvious options to get the performance curve for throughput requirement, 
Option 1: Keep SIR constant, changing SNR or DIP 
Option 2: Keep DIP constant, changing SIR or SNR
Simulation result for case 4 is shown in Figure 3
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Figure 3 Throughput simulation of case 4 (G=-2.5dB TM6/TM4)
With both options, the geometry SINR is changed and IRC achieves good performance gain over MMSE. But compare option 1 with option 2, we have the observations,

· With option 2 there is one potential problem that the MMSE throughput increases as fast as with IRC. If adding SNR impairment and implementation margin to define the required SNR for IRC, the achievable MMSE throughput could be quite close to the target IRC throughput. 
· With option 1 this is not an issue because as SNR increases, the throughput gap between IRC and MMSE actually becomes larger and it is easier to differentiate their performance.
· With option 2, if adding 1 to 2 dB margin to SNR, the SINR and SIR will be changed with the equal amount in term of dB. Taking the example of 0 dB geometry, the actual testing geometry will be 1 to 2 dB which is too much away from the target ones from the study item. 
· With option 1, adding 1 to 2 dB margins to SNR, SINR and DIP only increase some moderate amount and the target system parameters are maintained. Figure 4 shows the trend of SINR, SIR and DIP when SNR changes. 

· The interference rejection performance is the testing goal, it is more reasonable to maintain the signal to interference ratio unchanged. 
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Figure 4 SINR, SIR and DIP vs. SNR for 0dB and -2.5dB geometry scenarios
Based on the above analysis, we think the test cases should be defined with the SIR fixed and define the required SNR to achieve the 70% of maximum throughput.
Proposal 2: 

Define the required SNR to achieve 70% of maximum throughput with fixed SIR
2.3
Test case down selection
There are total 6 test cases and we may not need to define the requirement for all of them. From our companion paper R4-123243, “Link level simulation results for MMSE-IRC advanced receiver”, we can observe that there are very similar trends among all of these test cases. It will be enough to down-select the test case from table 1. Geometry 0 dB and -2.5 dB are evaluated in the study item, so we may choose at least one test case for each geometry scenario. The difference in number of TX antennas and spatial correlation matrix calculation between TM6/TM4 and TM9/TM9 require one test case defined for every transmission mode pair. Geometry -2.5 scenarios can be selected for TM2/TM3 transmission mode pair as it achieves high throughput gain over MMSE. Thus we can reduce the total number of test cases down to 3.
Proposal 3: 

Define the demodulation requirement for the following test case set:

 Test case 1 + 5 + 6 or case 2 + 4 + 6
2.4
Number of interfering cells
Two interfering cells are included in the study item to evaluate the achievable IRC throughput gain over MMSE. But in defining the test cases, it is not necessary to keep the two interfering cells assumption. The reason is that using two interfering cells will greatly increase the testing complexity and offer no additional benefit over just one interfering cell. In the baseline MMSE-IRC receiver as defined in the study item, the spatial correlation matrix is computed as,

· CRS based covariance matrix estimation scheme  

· The covariance matrix is estimated at CRS REs by following equations
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· DM-RS based covariance matrix estimation scheme (applicable when DM-RS are configured)
· The covariance matrix is estimated at DM-RS REs by following equations:
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The equations show that the spatial correlation matrix is calculated by computing the correlation matrix of the received interference plus noise samples. The UE is not required explicitly to estimate the interfering signal channel to form the spatial correlation matrix. So from testing point of view, as long as performance of the implementation of correlation matrix calculation, matrix inversion and demodulation processes are verified with one interfering cell, there is really no need to complicate the testing setup by using two interfering cells.
It may be argued that using just one interfering cell could decrease the throughput gap between IRC and MMSE receivers. To mitigate this problem, we could consider replacing the strongest interfering cell’s DIP value with the sum of the two interfering cell contribution. The IRC should perform better with the new DIP value while MMSE remains almost the same performance. Figure 5 shows their throughput performance of test case 1.   
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Figure 5 Throughput of 0dB geometry with 1 and 2 interfering cells
It can be verified from the figure that the throughput gap between IRC and MMSE is increased and the IRC throughput curves have the same trend. This justifies the simplification we made for using one interfering cell for the testing.
Another way to set the new DIP1 is to choose some value between DIP1 and DIP1+DIP2 such that with one interfering cell the IRC achieves the same throughput performance as with two interfering cells.

Proposal 4: 

Define the requirement of test cases for one interfering cell with combined DIP values of the two strongest interfering cells 
Table 4 DIP value for 1 interfering cell

	SINR (dB)
	DIP1 (dB)
	SIR (dB)
	SNR (dB)

	0
	-1.1204
	1.1204
	6.4323

	-2.5
	-0.9282
	-1.5718
	4.6573


2.5
Interfering cell modulation order
From link level simulation results, there is very little difference between QPSK and 16QAM in interfering cells. We prefer to use 16QAM as it introduces the interfering signal power variation and is more close practical scenarios.
Proposal 5: 

Interfering cells use 16QAM modulation order.
2.6
CQI test

In RAN4#62bis meeting, some companies raised the point that CSI feedback tests should be added to secure most of the system throughput gain promised by using the MMSE-IRC advanced receiver. The best way to test the MMSE-IRC is through some kind of VRC testing in which the test equipment schedules the DL transmission based on the UE CSI feedback. But VRC test requirement is completed to define and there is the risk that the MMSE-IRC work will not be able to finish within the work item timeframe. The compromise could be to define some CSI test case with the FRC demodulation tests. Since the MMSE-IRC receiver testing targets cell edge UE, the rank test is not necessary. Also the interfering cells change PMI sub-frame by sub-frame which indicates that there is no need for PMI testing thus only CQI feedback test should be considered. We evaluated the CQI mismatch impact on the system throughput with the system level simulation. Figure 6 shows the simulation results for 0dB geometry UE with three settings: MMSE demod+CQI, IRC demod+CQI and IRC demod+MMSE CQI. It is observed over 40% of IRC throughput gain over MMSE is lost.  
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Figure 6 System throughput of 0dB geometry for 3GPP case 1
The above analysis indicated that it is important to make sure the CQI reports match the IRC demodulation capability to maximize the operator’s spectrum utilization. So some CQI test cases should be required to verify that.

Proposal 6: 

CQI test cases should be defined along with the FRC demodulation tests. FRC demodulation tests should be given higher priorities.
3
Conclusions

Table 5 summarizes our discussion on FRC demodulation tests. CQI test case details should be discussed further.
Table 5 Test setup proposal for FRC demodulation tests

	Demod test cases
	Geometry (dB)
	# Interfering cells
	S/I TM


	MCS
	SIR (dB)
	70% MaxTput SNR (dB)

	Test 1
	0 
	1
	TM6/TM4
	12
	1.1204
	 x 

	Test 2
	-2.5 
	1
	TM9/TM9
	8
	-1.5718
	 x  

	Test 3
	-2.5 
	1
	TM2/TM3
	5
	-1.5718
	 x  
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