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1. Introduction

At the last RAN4#71 meeting, the following agreement with regard to CSI requirements for SU-MIMO advanced receivers was captured in [1]. 
· CSI test can be FFS for the candidate receivers in the next meeting.

In this contribution, we provide the study results on the need of additional CQI and RI requirement to verify the effect of SU-MIMO advanced receiver. 
2. Additional CQI Requirement
2.1. Motivation and Target
In the current CQI definition, the UE shall report the highest CQI value satisfying that the block error rate (BLER) is below 0.1 [2]. Regarding the SU-MIMO advanced receiver, since R-ML and CWIC can significantly improve the demodulation performance compared to MMSE receiver under the condition with a fading channel model and middle antenna correlation [3], the reported CQI value of R-ML and CWIC would be higher than that of MMSE receiver in such condition. However, in the current CQI requirement for the dual codeword transmission, static channel model and low antenna correlation are assumed. For example, the following channel matrix is assumed in the requirement for PUCCH 1-1 with cell-specific reference symbols, i.e. 9.2.2.1 and 9.2.2.2 in [2]. 
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Since this channel matrix is unitary, the demodulation performance of all receiver types would be the same. Consequently, CWIC and R-ML would report the same CQI value as MMSE receiver. Similarly, there would be the same problem in the requirement for PUCCH 1-1 with CSI reference symbols, i.e. 9.2.3.1 and 9.2.3.2. Therefore, it is difficult to correctly verify the effect of intra-stream interference cancellation by the UE employing the SU-MIMO advanced receiver in terms of the current CQI requirement. 

Observation 1: Since the static channel is assumed in current CQI requirement for dual codeword transmission, it is difficult to correctly verify the effect of intra-stream interference cancellation by the UE employing the SU-MIMO advanced receiver in terms of the current CQI requirement.
2.2. Discussion
In this section, we share the initial study results on the need of additional CQI requirement. Specifically, we provide the evaluation results when assuming the fading channel model and middle correlation. In the evaluation, the following assumptions are assumed.

· Number of cells: 1 cell (Single-cell scenario)

· Transmission mode: TM3

· Channel model: EVA5

· MIMO antenna configuration: 2x2 middle correlation

· CQI reporting: PUCCH 1-0

· AMC based on reported CQI (OLLA is not applied)

Regarding the CQI reporting, if R-ML and CWIC report the CQI value not including the effect of the interference cancellation, i.e. the CQI value assuming MMSE receiver, the throughput performance might be degraded because the reported CQI value would not be consistent with the demodulation capability. Therefore, in order to evaluate the impact of an inappropriate CQI value on the performance, we assumed the following five receiver types in this evaluation.
Table 1: Receiver types
	Receiver type
	Demodulation
	CSI calculation

	R-ML/R-ML
	R-ML
	R-ML

	R-ML/MMSE
	R-ML
	MMSE

	CWIC/CWIC
	CWIC
	CWIC

	CWIC/MMSE
	CWIC
	MMSE

	MMSE/MMSE
	MMSE
	MMSE


Other simulation assumptions are summarized in Annex A.

Figure 1 shows the user throughput performance of R-ML and CWIC based on appropriate/inappropriate CQI reporting, respectively. In addition, Table 2 shows the evaluation results for median CQI value of MMSE, R-ML, and CWIC, respectively. The selection probabilities of median CQI -1 to median CQI +1 are summarized in Annex B.
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(a) R-ML                                                             (b) CWIC
Fig. 1 – User throughput performance when assuming appropriate/inappropriate CQI reporting
Table 2: Median CQI value
	SNR (dB)
	Median CQI value

	
	MMSE
	R-ML
	CWIC

	0
	2
	2
	3

	2
	3
	3
	4

	4
	4
	4
	4

	6
	4
	5
	5

	8
	5
	5
	5

	10
	5
	6
	6

	12
	6
	6
	7

	14
	6
	7
	7

	16
	7
	7
	8

	18
	8
	8
	9

	20
	9
	9
	9


From the results, regarding R-ML, we can see that the performance of R-ML/MMSE is slightly degraded compared to that of R-ML/R-ML due to the conservative CQI reporting. On the other hand, we can see that the throughput performance of CWIC/MMSE is greatly degraded compared to that of CWIC/CWIC due to the conservative CQI specifically in middle to high SNR region. Therefore, the inappropriate CQI value would greatly affect the throughput performance specifically for CWIC. In realistic network, OLLA might be applied at the eNB, and it could compensate this kind of mismatch between the CQI value and demodulation capability. However, considering dynamically changing channel condition and burst traffic, there would be a risk that the throughput performance of SU-MIMO advanced receiver is degraded due to the inappropriate CQI reporting even if OLLA is applied. Therefore, we consider that additional specific CQI requirement for dual codeword transmission is needed to verify that the UE employing SU-MIMO advanced receiver can report correct CQI including the effect of interference cancellation.
Observation 2: Regarding R-ML, the impact of inappropriate CQI value on user throughput performance might be low. Regarding CWIC, however, the inappropriate CQI value greatly affects the throughput performance specifically in middle to high SNR region.
Observation 3: Considering dynamic changing of channel condition and burst traffic, there would be a risk that the throughput performance of SU-MIMO advanced receiver is degraded due to the inappropriate CQI reporting although OLLA is applied at the eNB. 
Proposal 1: Consider additional specific CQI requirement for dual codeword transmission for SU-MIMO advanced receiver to verify that UE employing the SU-MIMO advanced receiver can report appropriate CQI including the effect of intra-stream interference cancellation.
We consider that one way is to distinguish between the SU-MIMO advanced receiver employing inappropriate and appropriate CQI reporting in terms of BLER. Note that a specific test metric for the additional CQI requirement is FFS. For example, Fig. 2 shows BLER performance of each receiver type when assuming the same condition as Fig. 1 and Table 2.
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Fig. 2 –BLER performance when assuming appropriate/inappropriate CQI reporting

From the results, we can see that BLER performances of R-ML and CWIC with appropriate CQI reporting are close to 0.1, but those of R-ML and CWIC with inappropriate CQI reporting are significantly lower than 0.1 because of the conservative CQI reporting specifically in middle to high SNR region. Therefore, we could distinguish between a SU-MIMO advanced receiver employing appropriate and inappropriate CQI reporting by setting the appropriate threshold value of BLER in the middle to high SNR region. Note that we do not intend to exclude the any other test metric.
Proposal 2: Specific test metric for the additional CQI requirement is FFS, but one way is to distinguish between the SU-MIMO advanced receiver with inappropriate and appropriate CQI reporting in terms of BLER.
3. Additional RI Requirement

3.1. Motivation and Target 
For SU-MIMO advanced receiver, SNR range for dual-layer transmission is expected to be extended thanks to the user throughput improvement. However, the current RI reporting tests cover only low SNR and high SNR regions, i.e., SNR of 0 dB and 20 dB, respectively [2]. In this low (high) SNR region, not only SU-MIMO advanced receiver but also MMSE receiver might mostly select Rank-1 (Rank-2) transmission. Therefore, the current tests might not be able to ensure the extension of SNR range for dual-layer transmission. In last RAN4 #71 meeting, we showed that SU-MIMO advanced receiver could select Rank-2 transmission in lower SNR region compared to MMSE receiver, and the switching SNR region between the Rank-1 and Rank-2 would be in middle SNR region [4]. For the reason, we consider that an additional RI reporting test which targets the middle range of SNR is needed to verify Rank-2 selection appropriately. In this section, we provide the additional evaluation results for this issue.
3.2. Discussion
First of all, in order to confirm the impact of inappropriate RI reporting, we evaluate the relative throughput ratio of SU-MIMO advanced receiver with inappropriate and appropriate RI reporting when assuming the same condition as current RI requirement for cell-specific reference symbols, i.e. 9.5.1.1 in [3]. Table 3 shows the evaluation results for Test 1, Test 2, and Test3, respectively. Note that we assumed the same receiver types described in Table 1 in this evaluation.
Table 3: Result for current RI test assuming appropriate/inappropriate RI reporting
	Receiver type 
	Test 1
	Test 2
	Test 3

	
	SNR = 0 dB
	SNR = 20 dB
	SNR = 20 dB

	CWIC/CWIC
	1.15 
	1.20 
	1.00 

	CWIC/MMSE
	1.12 
	1.18 
	1.00 

	R-ML/R-ML
	1.05 
	1.14 
	1.00 

	R-ML/MMSE
	1.13 
	1.11 
	1.00 

	MMSE/MMSE
	1.13 
	1.16 
	1.00 

	Minimum requirement
	1.00 
	1.05 
	0.90 


From the results, we can see that not only SU-MIMO receivers with appropriate RI reporting but also SU-MIMO receivers with inappropriate RI reporting can satisfy the current RI requirement. This might be because that both of MMSE receivers and SU-MIMO receivers mostly select Rank-2 (Rank-1) at the region of SNR = 20 dB (0 dB). According to the evaluation results in [4], since the switching SNR region between the Rank-1 and Rank-2 would be in middle SNR region, we consider that additional RI requirement which targets at middle SNR range can verify whether the UE employing the SU-MIMO advanced receiver can report appropriate RI value. To ensure correct RI reporting of SU-MIMO advanced receiver, feasibility and specific test metric for the additional RI requirement which targets at middle SNR region should be investigated in RAN4.
Observation 4: There would be a risk that the SU-MIMO advanced receiver with inappropriate RI reporting could satisfy the current RI requirement.

Proposal 3: To ensure correct RI reporting of SU-MIMO advanced receiver, the feasibility and specific test metric for the additional RI requirement which targets at middle SNR region should be investigated in RAN4.
4. Conclusion

In this contribution, we provided the study results on the need of additional CQI and RI requirement to verify the effect of SU-MIMO advanced receiver. Based on the simulation results, we observed and proposed the followings.
Observation 1: Since the static channel is assumed in current CQI requirement for dual codeword transmission, it is difficult to correctly verify the effect of intra-stream interference cancellation by the UE employing the SU-MIMO advanced receiver in terms of the current CQI requirement.
Observation 2: Regarding R-ML, the impact of inappropriate CQI value on user throughput performance might be low. Regarding CWIC, however, the inappropriate CQI value greatly affects the throughput performance specifically in middle to high SNR region.
Observation 3: Considering dynamic changing of channel condition and burst traffic, there would be a risk that the throughput performance of SU-MIMO advanced receiver is degraded due to the inappropriate CQI reporting although OLLA is applied at the eNB. 

Proposal 1: Consider additional specific CQI requirement for dual codeword transmission for SU-MIMO advanced receiver to verify that UE employing the SU-MIMO advanced receiver can report appropriate CQI including the effect of intra-stream interference cancellation by itself.

Proposal 2: Specific test metric for the additional CQI requirement is FFS, but one way is to distinguish between the SU-MIMO advanced receiver with inappropriate and appropriate CQI reporting in terms of BLER.
Observation 4: There would be a risk that the SU-MIMO advanced receiver with inappropriate RI reporting could satisfy the current RI requirement.

Proposal 3: To ensure correct RI reporting of SU-MIMO advanced receiver, the feasibility and specific test metric for the additional RI requirement which targets at middle SNR region should be investigated in RAN4.
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Annex A
Table A – Simulation assumption
	Parameters
	Values

	Carrier frequency
	2 GHz

	System bandwidth
	10 MHz

	Transmission mode
	TM3

	MIMO configuration
	2 x 2, Medium correlation

	Channel model
	EVA5

	CRS configuration
	2 CRS

	PCFICH
	CFI = 2

	H-ARQ
	8 HARQ processes and max 4 transmissions

	Transmission Rank
	Fixed Rank-2

	PCFICH/PDCCH detection
	Not considered

	Resource allocation
	Full band (50 PRB)

	Cyclic prefix
	Normal

	Receiver
	MMSE, CWIC with MMSE (Turbo Eq.), R-ML

	Tx EVM
	6%

	Channel estimation
	MMSE CE


Annex B

Table B - CQI selection probability

	SNR (dB)
	CQI Selection Probability

	
	MMSE receiver
	R-ML
	CWIC

	
	Median CQI -1
	Median CQI
	Median CQI +1
	Median CQI -1
	Median CQI
	Median CQI +1
	Median CQI -1
	Median CQI
	Median CQI +1

	0
	13%
	69%
	17%
	33%
	50%
	10%
	15%
	56%
	26%

	2
	20%
	59%
	21%
	31%
	67%
	1%
	13%
	52%
	35%

	4
	19%
	79%
	1%
	2%
	83%
	15%
	7%
	75%
	19%

	6
	1%
	82%
	17%
	34%
	64%
	2%
	33%
	62%
	5%

	8
	31%
	68%
	1%
	3%
	60%
	36%
	2%
	49%
	49%

	10
	3%
	83%
	14%
	12%
	76%
	12%
	7%
	82%
	10%

	12
	41%
	52%
	6%
	47%
	50%
	3%
	0%
	53%
	47%

	14
	9%
	57%
	30%
	11%
	60%
	28%
	17%
	72%
	10%

	16
	25%
	45%
	28%
	28%
	49%
	21%
	4%
	46%
	30%

	18
	26%
	51%
	17%
	30%
	60%
	2%
	23%
	62%
	15%

	20
	40%
	43%
	7%
	10%
	67%
	20%
	10%
	64%
	20%
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