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1 Introduction

In RAN4#70bis meeting the way forward for SU-MIMO is agreed in [1] with the following conditions related to CSI requirement.

· Typical scenario

· Prioritize single cell high geometry scenarios to verify UE advanced receiver implementations

· Multi-cell scenario is FFS.

· Prioritize medium antenna correlation

· Current 36.101 single cell multi-layer spatial multiplexing FRC test setups can be used as the starting point for aligning simulation results for demodulation

· Other fading propagation channels and MCS values can be studied

· The reference receiver 
· Candidate reference receiver set: CWIC/R-ML/SLIC

· Companies are encourage to provide simulation results under the typical scenarios in the next meeting for the candidate reference and LMMSE receivers
· CSI requirement

· 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 further clarify the CSI reporting for SU-MIMO receivers and propose how to define CSI test scenario in this WI.
2 Test proposals
First of all it seems necessary to clarify the CQI definition from the RAN1 specification. The CQI definition in [7] is listed below.

Based on an unrestricted observation interval in time and frequency, the UE shall derive for each CQI value reported in uplink subframe n the highest CQI index between 1 and 15 in Table 7.2.3-1 which satisfies the following condition or CQI index 0 if CQI index 1 does not satisfy the condition:

· A single PDSCH transport block with a combination of modulation scheme and transport block size corresponding to the CQI index, and occupying a group of downlink physical resource blocks termed the CSI reference resource, could be received with a transport block error probability not exceeding 0.1. 

It is clearly stated that the CSI reporting should target at BLER 0.1, which means the UE needs to report CSI based on the CQI calculated from the SNR after the SU-MIMO receivers e.g. so called post IC type of CSI reporting. The reason is if the UE only calculates the CQI based on pre-IC information,  i.e. take the MMSE-IRC noise covariance matrix for CQI reporting, then the BLER after the SU-MIMO receiver will become much smaller than 0.1. Hence, the scheduled MCS will be too pessimistic for the used receiver type so that the system performance will be suboptimal.
Figure 1 and 2 show the follow CQI TP in EVA5 medium and TM3 in 10MHz with ML and CWIC receivers with pre- and post-IC CQI reporting comparing to legacy IRC receiver. It can be seen there is no distict gain with ML receiver comparing to pre-IC and post-IC CQI reporting. The reason is in general ML achieves less gain to cancel the inter-stream interference with the FRC results shown in [4]. On the other hand CWIC receiver gives relatively good gain comparing post IC CQI reporting to pre IC CQI reporting.
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Figure 1 TP with follow CQI of ML receiver using pre and post IC CQI reporting
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Figure 2 TP with follow CQI of CWIC receiver using pre and post IC CQI reporting

With the intention to define proper CSI requirement for SU-MIMO receivers it’s important to make sure the CSI reporting is aligned for different receiver types. In order to follow the CQI definition we think it’s important to clarify that the CSI reporting of SU-MIMO receivers should be based on a post-IC type, which calculates the CSI based on information after SU-MIMO receivers.
Propsoal 1: CSI reporting of SU-MIMO receivers should be based on a post-IC type which calculates the CSI based on information after SU-MIMO receiver.

In the current specification [6] test cases for CSI reporting defined for single cell scenario with legacy MMSE receiver are either with rank 1 or low correlations. But with the SU-MIMO type of advanced receiver such as ML, CWIC should still be able to pass the legacy CSI tests. 
Table 1 shows the median CQI reported by post-IC CQI reporting of different receivers under 9.2.2.1 condition with static low correlation channel. It can be seen the same median CQIs are reported for different receivers for this condition, which is reasonable since it’s under low correlation and for that channel correlation there is not much gain achieved by the SU-MIMO receivers.
Table 1Median CQI for 9.2.2.1 TM4 with static low correlation

	
	SNR=10dB
	SNR=11dB
	SNR=16dB
	SNR=17dB

	IRC receiver
	8
	9
	11
	12

	ML receiver
	8
	9
	11
	12

	CWIC receiver
	8
	9
	11
	12


In Table 2 the gamma values used for rank tests are listed with different receivers. For Test 1 smaller margin is noticed for CWIC receiver but it still pass the test. For Test 2 and 3 bigger margins are observed for SU-MIMO receivers compared to legacy receiver. It’s important to make sure SU-MIMO receiver should still pass all the legacy CSI tests.

Table 2 Gamma value for RI 9.5.1.1 tests with EPA5

	
	Test 1 SNR=0dB
	Test 2 SNR=20dB
	Test SNR=20dB

	3GPP requirement
	1
	1.05
	0.9

	IRC receiver 
	1.23
	1.17
	1.00

	ML receiver
	1.25
	1.26
	1.00

	CWIC receiver
	1.06
	1.49
	1.01


Proposal 2: Under SU-MIMO concept the advanced receivers such as ML, CWIC should still pass all the legacy CSI tests defined for single cell scenario with legacy MMSE receiver.

Also from the results in Table 2 it seems the legacy rank tests have already covered the intention to check the accuracy of RI using SU-MIMO receivers so no new RI tests are needed for SU-MIMO.
Proposal 3: No new RI tests are needed for SU-MIMO.

But for CQI tests it seems necessary to define new tests as the legacy tests are under static low correlation, which are not the targeting scenarios agreed for SU-MIMO. Therefore, we think it’s important to follow the same CQI reporting requirement methodology to check the CQI distribution of median CQI, median CQI+1, median CQI-1 together with a BLER criteria for different SU-MIMO receivers. Similar configuration from Figure 1 and 2 could be considered, i.e. TM3 with EVA5 medium and 10MHz.
Proposal 4: Check the CQI distribution (ie. with median CQI, median CQI+1, median CQI-1, etc. probability) together with a BLER criteria with all SU-MIMO receivers with TM3 with EVA medium and 10MHz.
3 Conclusions

In this contribution we provide our proposals for SU-MIMO CSI tests as the following.

Propsoal 1: CSI reporting of SU-MIMO receivers should be based on a post-IC type which calculates the CSI based on information after SU-MIMO receiver.

Proposal 2: Under SU-MIMO concept the advanced receivers such as ML, CWIC should still pass all the legacy CSI tests defined for single cell scenario with legacy MMSE receiver.

Proposal 3: No new RI tests are needed for SU-MIMO.

Proposal 4: Check the CQI distribution (ie. with median CQI, median CQI+1, median CQI-1, etc. probability) together with a BLER criteria with all SU-MIMO receivers with TM3 with EVA medium and 10MHz.
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