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1 Introduction

In RAN4#72bis meeting the agreement made for SU-MIMO on CSI requirement from [1] is the following.

· CSI tests

· FFS if to introduce the RI test.

· FFS if to introduce the CQI test

In this contribution we continue the study on the CSI reporting on CQI and RI with further clarification on how to define CSI test scenario for SU-MIMO receiver in this WI.
2 Test proposals
CSI requirements has been evaluated with low and medium correlation for follow rank and fixed rank 1 and rank 2 in [3] and the observation for medium correlation is that the switching point could be too high to have a good test point. In order to better evaluate the switching point for all SU-MIMO receivers we modify the medium correlation as in Table 1 listed below.
Table 1 Channel correlation table with modified Medium correlation

	Low correlation
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	High Correlation
	Modified Medium Correlation
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 for different correlation types are taken in Table B.2.3.2-1 from [4]. The reason for introducing such new modified medium correlations is all the existing values for correlations were decided from Rel-8 without many need for medium correlation reasonoable correlation on UE side. The [image: image3.wmf]b

 value stands for the correlation from UE side which is 0.9 for both medium and high correlations, which is considered to be too high to be realistic. So the new proposed number as 0.7 has the meaning as more practical setup and also fits better to the SU-MIMO tests.

Observation 1: The existing medium correlation with beta=0.9 is considered as too high to be pratical for a medium correlation.
Observation 2: With existing medium correlation with beta=0.9 it is difficult to find a proper test point to evaluate the switching point for SU-MIMO receiver RI tests.
Figure 1 shows the TP results with follow rank and fixed rank 1 and 2 together with follow CQI and PMI with TM3 under EPA5 with such modified medium correlation as shown in following table with CWIC with pre- or post-IC CQI reporting, ML with pre-IC CQI reporting and IRC receivers.
With results from Figure 1 the switching point for CWIC with proper post-IC CQI reporting is around 7dB which gives certain distance compared to around 11dB for ML receiver and 14dB for IRC receiver where the switching point of the last 2 receivers are within reasonable SNR range.
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(a) CWIC with post-IC CQI reporting                          (b) ML
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(c) CWIC with pre-IC CQI reporting                    (d) IRC
Figure 1 TP with follow rank and fixed rank 1 and rank 2 for CWIC with pre-IC/post-IC CQI reporting and ML, IRC receivers
We use the same legacy methodology to calculate gamma 1 as shown in Figure 2. 
In Figure 3 we show the rank 2 probability reported by follow rank for different SNR points with CWIC with pre- and post-IC CQI reporting, ML with pre-IC CQI reporting and IRC receiver. With the gamma 1 value shown in Figure 2 it’s easy to find a good test point between SNR range 15~20dB for SU-MIMO receivers over IRC receiver but it can’t really prevent bad CQI reporting for CWIC. In order to better utilize the test to both verify the proper CQI reporting for CWIC and also guarantee a good switching point for CWIC receiver we also propose to have the probability of rank 2 reported by follow rank defined for CWIC receiver only as shown in Figure 3 between SNR range 5~12dB.

Observation 3: With modified medium correlation it’s easy to find a good test point to differentiate the SU-MIMO receivers from IRC receiver between SNR range from around 7dB for CWIC receiver and 14dB for IRC receiver.
Observation 4: With modified medium correlation the probability of reported rank 2 from follow rank can both verify the proper CQI reporting by using post-IC CQI reporting and also guarantee the switching point of CWIC receiver.
A proper gamma 1 shown in Figure 2 for SU-MIMO receivers should always be bigger than 1 which means the follow rank should always get better TP results than fixed rank 1. To have a test point with such proper gamma1 >= 1 ensures the bad implementation where the rank reporting is isolated estimated instead of taking the input from proper CQI reporting.
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Figure 2 Gamma 1 with SU-MIMO receivers and IRC receiver
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Figure 3 Rank 2 probability for follow rank for different SU-MIMO receivers
Observation 5: To have a test point with such proper gamma1 >= 1 ensures the bad implementation where the rank reporting is isolated estimated instead of taking the input from proper CQI reporting.

With the observations made above we propose to have a new RI test to verify the proper CQI reporting for CWIC receiver only.
Proposal 1: Define a new RI test with modified medium correlation with gamma1 > 1 at SNR=15~20dB and a probability of reported rank 2 from follow rank to be > 45% at SNR 5~12dB for CWIC receiver only.
Since R-ML has not much CQI reporting gain achieved by pre- or post-IC, there is no need to define the CSI tests for R-ML and it is good enough already to pass all the legacy CSI tests defined for legacy receivers. But certain CQI reporting gain for CWIC receiver has been observed in [2] so without such test it just violates the WID objective as following from the WID from [5].
· Specify the UE demodulation performance requirements and CSI requirements with the reference receiver for the practical implementations.

· UE demodulation performance requirements for both CRS based transmission modes and DMRS based transmission mode;

· CSI requirements to ensure the CSI reporting to be matched with the actual demodulation performance.
Without such test defined for CWIC in RAN4 we would consider to define the capability signaling to indicate the receiver type of CWIC. The reason why such capability signaling was considered was if there is no CSI tests defined to verify the CQI reporting gain based on post-IC, a consistent UE behavior will need to be assumed to be based on pre-IC CQI reporting but the eNB still assumes the UE is taking post-IC CQI reporting to target at 10% BLER so by knowing the receiver type with the expected CQI reporting as too optimistic the network could have potential benefit to do a better scheduling. 
Observation 6: Without such test from Proposal 1 the WID objective can’t be fulfilled and in the meanwhile an UE capability signaling for CWIC receiver is needed.

When it comes to the test definition for CWIC receiver we could firstly a NAICS receiver can be taken as Type-B advanced receiver and a ML-based SU-MIMO receiver can be taken as Type-C advanced receiver. For the test from Proposal 1 for CWIC-based SU-MIMO receiver, a Type-D advanced receiver can be named. Since all enhanced receiver features are optional. The chipset vendors only need to claim the tests they want to benchmark and get certificated.
Proposal 2: Define ML-based SU-MIMO receiver as Type-C advanced receiver and CWIC-based SU-MIMO receiver as Type-D advanced receiver where chipset vendors only need to claim the tests they want to benchmark and get certificated.

The advantage of such way to define the SU-MIMO tests is there are other receiver types like iter-ML which can achieve even better gain as CWIC. As long as it can pass the Type D requirement it will be taken as the same feature supported by the chipset. And iter-ML could potentially provide a better complexity and design structure.
Observation 7: There are other receiver types like iter-ML receiver which can pass the Type D requirement it will be taken as the same feature supported by the chipset which provides more flexibility from the chipset design and potentially provide a better complexity and design structure.
3 Conclusions

In this contribution we provide analysis and simulation results for SU-MIMO CSI tests as the following.

RI tests

Observation 1: The existing medium correlation with beta=0.9 is considered as too high to be pratical for a medium correlation.

Observation 2: With existing medium correlation with beta=0.9 it is difficult to find a proper test point to evaluate the switching point for SU-MIMO receiver RI tests.

Observation 3: With modified medium correlation it’s easy to find a good test point to differentiate the SU-MIMO receivers from IRC receiver between SNR range from around 7dB for CWIC receiver and 14dB for IRC receiver.
Observation 4: With modified medium correlation the probability of reported rank 2 from follow rank can both verify the proper CQI reporting by using post-IC CQI reporting and also guarantee the switching point of CWIC receiver.
Observation 5: To have a test point with such proper gamma1 >= 1 ensures the bad implementation where the rank reporting is isolated estimated instead of taking the input from proper CQI reporting.

Observation 6: Without such test from Proposal 1 the WID objective can’t be fulfilled and in the meanwhile an UE capability signaling for CWIC receiver is needed.

Observation 7: There are other receiver types like iter-ML receiver which can pass the Type D requirement it will be taken as the same feature supported by the chipset which provides more flexibility from the chipset design and potentially provide a better complexity and design structure.

Proposal 1: Define a new RI test with modified medium correlation with gamma1 > 1 at SNR=15~20dB and a probability of reported rank 2 from follow rank to be > 45% at SNR 5~12dB for CWIC receiver only.

Proposal 2: Define ML-based SU-MIMO receiver as Type-C advanced receiver and CWIC-based SU-MIMO receiver as Type-D advanced receiver where chipset vendors only need to claim the tests they want to benchmark and get certificated.
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