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1	Introduction
At the RAN4#70bis meeting, the following agreements with regard to CSI requirements for SU-MIMO advanced receivers were captured in [1]. 
· No new PMI requirements for SU-MIMO are needed
· Companies are encouraged to provide studies on the need of new CQI/RI requirements in the next meeting.
· Study the reference receiver with current CSI tests
In this contribution, we present the study results on the CQI requirement to verify the SU-MIMO advanced receivers. 
2 Legacy CQI Reporting Definition Test
To evaluate the newly introduced SU-MIMO receivers, we follow the legacy test setups for CQI reporting definition test:
· Test Setup 9.2.2.1 (Static Channel).
It should be noted that the following two kinds of CSI reporting methods are used for R-ML receiver:
· MMSE CSI Reporting (feedback optimized for MMSE receiver);
· ML CSI Reporting (feedback optimized for ML receiver).

2.1 Results for Test Setup 9.2.2.1 (Static Channel)
1) Requirement for the reporting spread of the wideband CQI:
Table 1: Reporting Spread of the Wideband CQI
	
	SNR
	Median CQI Index
	Percentage of Reported CQI Index in 
{median CQI -1, median CQI +1}

	
	
	CW0
	CW1
	CW0
	CW1

	MMSE CSI Reporting
	10dB
	9
	9
	100%
	100%

	
	11dB
	9
	9
	100%
	100%

	
	16dB
	12
	12
	100%
	100%

	
	17dB
	12
	12
	100%
	100%

	ML CSI Reporting
	10dB
	9
	9
	100%
	100%

	
	11dB
	9
	9
	100%
	100%

	
	16dB
	12
	12
	100%
	100%

	
	17dB
	12
	12
	100%
	100%



From Table 1, it can be observed that the CSI reporting schemes optimized for MMSE and ML receivers respectively provide the same median CQIs under this condition, which proves the results in [3]. This result is reasonable since it is under low correlated static channel environment. Furthermore, both CSI reporting schemes can satisfy the legacy requirement for reporting spread. 

2) Requirement for the BLER performance (using the transport format indicated by the reported CQI median of codeword #0 and codeword #1):
Table 2: Average BLER Performance
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	SNR
	BLER Using
Reported CQI Median - 1
	BLER Using
Reported CQI Median
	BLER Using
Reported CQI Median + 1

	
	
	CW0
	CW1
	CW0
	CW1
	CW0
	CW1

	R-ML Receiver
w/ MMSE CSI Reporting
	10dB
	0.0000
	0.0000
	0.0000
	0.0000
	0.9825
	0.9795

	
	11dB
	0.0000
	0.0000
	0.0000
	0.0000
	0.0000
	0.0000

	
	16dB
	0.0000
	0.0000
	0.0000
	0.0000
	1.0000
	1.0000

	
	17dB
	0.0000
	0.0000
	0.0000
	0.0000
	0.0037
	0.0047

	R-ML Receiver
w/ ML CSI Reporting
	10dB
	0.0000
	0.0000
	0.0000
	0.0000
	0.9825
	0.9795

	
	11dB
	0.0000
	0.0000
	0.0000
	0.0000
	0.0000
	0.0000

	
	16dB
	0.0000
	0.0000
	0.0000
	0.0000
	1.0000
	1.0000

	
	17dB
	0.0000
	0.0000
	0.0000
	0.0000
	0.0037
	0.0047



From Table 2, it can be observed that the R-ML receiver with both MMSE CSI reporting and ML CSI reporting can satisfy the legacy BLER requirement. 
Observation 1: The advanced SI-MIMO receivers can pass the legacy CQI definition test case under the static channel in 9.2.2.1 in 36.101.

3 Study on Necessity of Additional CQI Reporting Test
To evaluate the newly introduced SU-MIMO receivers, a modified test setups based on 9.3.2.1.1 is proposed for CQI reporting test for fading channel:
· Modified Test Setup 9.3.2.1.1 (Median Correlation 2 x 2, fading channel).

3.1 Results for Modified Test Setup 9.3.2.1.1 (fading channel)
According to the agreement in [1], medium antenna correlation is prioritized since advanced SU-MIMO receiver provides the largest performance gain; therefore we made the following change to test setup 9.3.2.1.1:
Table 3: Modified Test Setup based on 9.3.2.1.1
	Parameter
	Unit
	Values

	Transmission Mode
	
	4

	Propagation channel
	
	EPA5.

	Correlation and 
antenna configuration
	
	Medium (2 x 2)

	CodeBookSubsetRestriction bitmap
	
	110000



1) Requirement for the CQI reporting variance:
Table 4: Reporting Spread of the Wideband CQI
	
	SNR
	Median CQI Index
	Percentage of Reported CQI Index Not in 
{median CQI1 -1, median CQI1 +1}

	
	
	CW0
	CW1
	CW0
	CW1
	CW0&1

	MMSE CSI Reporting
	6dB
	5
	4
	43.73%
	15.90%
	29.82%

	
	7dB
	5
	4
	47.98%
	13.34%
	30.66%

	
	12dB
	7
	5
	48.34%
	25.31%
	36.82%

	
	13dB
	7
	6
	49.34%
	22.67%
	36.00%

	ML CSI Reporting
	6dB
	5
	4
	38.81%
	14.30%
	26.55%

	
	7dB
	5
	4
	44.13%
	12.41%
	28.27%

	
	12dB
	7
	5
	45.09%
	20.78%
	32.94%

	
	13dB
	8
	6
	48.18%
	18.02%
	33.10%



Firstly, even the channel correlation is changed to medium, advanced SU-MIMO receiver can satisfy the requirement for CQI reporting variance with both CSI reporting schemes (if we follow Test Setup 9.3.2.1.1 to require at least 20% CQI index not in the set {median CQI -1, median CQI + 1}), based on the observation from Table 4. Furthermore, the reported median CQI index is the same except the case SNR=13dB, which means that the estimated performance gain of ML receiver is lower than one CQI level in most cases.
2) Requirement for throughput increase by link adaption:
Table 5: Throughput Increase Achieved by Link Adaption
	
	SNR
	Throughput, Non-Link-Adaption (Use CQI Median value)
	Throughput, 
Use Reported CQI
	Throughput 
Relative Increase

	R-ML Receiver
w/ MMSE CSI Reporting
	6dB
	5.0525 Mbps
	6.0111 Mbps
	18.97%

	
	7dB
	5.7369 Mbps
	6.5966 Mbps
	14.99%

	
	12dB
	9.3532 Mbps
	10.2038 Mbps
	9.09%

	
	13dB
	9.6896 Mbps
	10.9079 Mbps
	12.57%

	R-ML Receiver
w/ ML CSI Reporting
	6dB
	5.0987 Mbps
	6.1760 Mbps
	21.13%

	
	7dB
	5.7614 Mbps
	6.8155 Mbps
	18.30%

	
	12dB
	9.4098 Mbps
	10.5110 Mbps
	11.70%

	
	13dB
	10.7303 Mbps
	11.1806 Mbps
	4.20%



From Table 5, it can be observed that the Test Setup 9.3.2.1.1 requirement for throughput increase by link adaption (5% throughput increase obtained when transmitting the transport format indicated by each reported wideband CQI index compared with that obtained when transmitting a fixed transport format configured according to the wideband CQI median) can be satisfied.
3) Requirement for BLER performance:
Table 6: Average BLER Performance
	
	SNR
	Average BLER when transmitting TF indicated by reported wideband CQI

	
	
	CW0
	CW1
	CW0&1

	R-ML Receiver
w/ MMSE CSI Reporting
	6dB
	0.0725
	0.2810
	0.1768

	
	7dB
	0.0638
	0.2870
	0.1754

	
	12dB
	0.0375
	0.2455
	0.1415

	
	13dB
	0.0403
	0.2402
	0.1402

	R-ML Receiver
w/ ML CSI Reporting
	6dB
	0.0695
	0.2640
	0.1668

	
	7dB
	0.0587
	0.2680
	0.1634

	
	12dB
	0.0367
	0.2420
	0.1394

	
	13dB
	0.0435
	0.2417
	0.1426



From Table 6, it can be observed that the Test Setup 9.3.2.1.1 requirement for BLER performance (the average BLER for the indicated transport formats should be greater or equal to 0.02) can be satisfied.
Observation 2: Under the fading channel (EPA5, Medium Correlation), the reporting CQI is likely to be same for MMSE CSI reporting and ML CSI reporting under most of channel conditions for R-ML receiver.
Observation 3: R-ML receiver can pass the modified test cases based on Test Setup 9.3.2.1.1 in [2].
3.2  Evaluation of Performance Gain with Link Adaption
Next, we evaluate the throughput performance gain of R-ML receiver with and without OLLA on top of link adaption.
For the performance of the R-ML receiver provided in Figure 1, it can be observed that 
1. R-ML receiver provides significant performance gain compared with MMSE-IRC receiver by reducing PDSCH decoding BLER. 
2. The improvement by employing ML CSI reporting compared with the MMSE CSI reporting method is trivial without OLLA operation 
3. After introducing OLLA in eNB, the performance difference is even more trivial, which can be observed from Figure 2
Observation 4: R-ML receiver provides significant performance gain compared with MMSE-IRC receiver by reducing PDSCH decoding BLER when link adaption is enabled. ML CSI reporting provides trivial performance improvement over the legacy MMSE CSI reporting for both OLLA disabled or OLLA implemented. 
[image: ]
Figure 1: Throughput performance comparison w/o OLLA implemented
[image: ]
Figure 2: Throughput performance comparison with OLLA implemented

4 Conclusion
In this contribution, we presented the study results on the need of additional CQI requirement to verify the SU-MIMO advanced receivers. Our proposals are:
For legacy CQI reporting definition tests for static channel,
Observation 1: The advanced SI-MIMO receivers can pass the legacy CQI definition test case under the static channel in 9.2.2.1 in 36.101.
For additional CQI reporting definition tests for fading channel,
Observation 2: Under the fading channel (EPA5, Medium Correlation), the reporting CQI is likely to be same for MMSE CSI reporting and ML CSI reporting under most of channel conditions for R-ML receiver.
Observation 3: R-ML receiver can pass the modified test cases based on Test Setup 9.3.2.1.1 in [2].
Observation 4: R-ML receiver provides significant performance gain compared with MMSE-IRC receiver by reducing PDSCH decoding BLER when link adaption is enabled. ML CSI reporting provides trivial performance improvement over the legacy MMSE CSI reporting for both OLLA disabled or OLLA implemented. 
Based on the observations above, our proposal is
Proposal 1: for advanced SU-MIMO receiver, the legacy CQI reporting definition requirement under static channel is re-used.
Proposal 2: the necessity of introducing additional CQI reporting test under fading channel needs further study. 
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