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1 Introduction

In RAN4#70bis meeting, discussions were started on the three objectives described in the WID [1]. In the agreed way forward [2], the agreements and assumptions regarding CSI requirements for SU-MIMO are as following: 

CSI requirements
· 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 tests

In this contribution, we carry some preliminary study on the need of new CQI/RI requirements through some simulations. 
2 CQI 
For legacy SU-MIMO reference receiver which use MMSE algorithm to suppress inter-stream interference, feedback is calculated based also on MMSE receiver algorithm. Thus the feedback is matched to the UE demodulation capability. With enhanced demodulation performance requirements specified, UE would implement advanced receiver to achieve the target requirements. If UE still uses MMSE for feedback reporting, mismatching will result between UE demodulation capability and reported channel state information. The mismatching will cause UE to report conservative CQI which may prevent UE from achieving the full performance potential promised by the advanced receivers. To decide whether new CQI requirement should be introduced to enhance UE reporting accuracy, we run the simulation to evaluate the performance difference.     
Simulation assumptions
Simulations are performed for MMSE and CWIC receivers, the algorithms used for different labels are as following:
· CWIC-MMSE: demodulation with CWIC and feedback reporting with MMSE
· MMSE-MMSE: both demodulation and feedback reporting are with MMSE
· CWIC-CWIC: both demodulation and feedback reporting are with CWIC
The basic simulation assumptions are:
· Transmission mode: TM3 rank 2

· Antenna configuration: 2x2 medium correlation
· Fading channel: EVA70
· VRC: AMC with PUCCH 1-0
· Target BLER: 10%
Three demodulation and feedback combinations are simulated, i.e. MMSE-MMSE, CWIC-MMSE and CWIC-CWIC. CWIC-CWIC performance is indirectly obtained by applying CWIC-MMSE with OLLA to reach the 10% target BLER. Table 1 shows the throughput and BLER result. The throughput results are also plotted in Figure 1.
Simulation results
Table 1 Throughput and BLER simulation results
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6 6.63 0.075 6.97 0.02 8.0087 0.1

7 7.46 0.086 7.95 0.009 8.3039 0.1

8 8.36 0.075 8.7 0.024 8.8421 0.1

9 8.65 0.112 9.29 0.037 9.8166 0.1

10 8.97 0.067 9.43 0.013 10.7346 0.1

11 9.42 0.085 10.09 0.01 11.7302 0.1

12 10.25 0.077 10.88 0.01 12.6233 0.1

13 11.82 0.099 12.66 0.018 13.7024 0.1

14 12.89 0.074 13.46 0.021 14.5744 0.1

15 14.16 0.117 15.17 0.034 15.4358 0.1

16 15.03 0.102 15.92 0.032 16.9484 0.1

17 15.9 0.094 16.81 0.03 17.9973 0.1

18 16.7 0.093 17.64 0.028 19.3585 0.1

19 17.72 0.078 18.62 0.019 20.79 0.1

20 19.1 0.12 20.5554 0.035 22.1324 0.1

21 20.19 0.091 21.434 0.023 23.4095 0.1

22 21.13 0.069 22.1508 0.014 24.9032 0.1

23 22.5642 0.098 24.0315 0.021 27.1281 0.1

24 23.4765 0.07 24.5325 0.014 28.1785 0.1
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Figure 1 Throughput performance for various demodulation-feedback combinations
From the simulation results, we can observe that under the simulation assumption:
· CWIC-MMSE achieves performance gain over MMSE-MMSE. The gain become larger with increased operating SNR level but the increment is small
· CWIC-CWIC achieves over 1.5dB performance gain over MMSE-MMSE at median to high SNR range. The performance gap becomes larger with increasing SNR level
· CWIC-CWIC achieves over 1dB performance gain over CWIC-MMSE at median to high SNR range. The performance gap becomes larger with increasing SNR level
· BLER of CWIC-MMSE is much smaller than the target 10% which means its CQI reporting is conservative resulting in performance loss compared to more aggressive CQI reporting
The simulation results indicate that to achieve the full performance gain promised by CWIC receiver, more accurate feedback is beneficial and the performance gap of over 1dB is not insignificant. On the other hand, in real network OLLA could compensate the performance loss caused by the demodulation and feedback mismatching to some degree. While for burst traffic and fast changing channel conditions, the compensation needs to be further studied and verified. Also similar simulations should be performed for more transmission modes and advanced receiver types, e.g. R-ML. Then we make the following proposal:

Proposal 1:

Matched demodulation and feedback reporting algorithm achieves non-trivial performance gain over unmatched one. But the need to introduce new CQI requirement for SU-MIMO can be FFS
3 RI
Advanced receiving algorithm is more effective in suppression inter-stream interference. The reduced interference experienced by each codeword  at UE actually lead to lower SNR switching point from rank 1 to rank2 transmission. Lower SNR switching point has the benefit of increased throughput. If UE still use MMSE algorithm for feedback reporting unmatched to UE enhanced inter-stream interference mitigation algorithms, UE may loss the potential throughput gain. In the following, we run simulation to evaluate the need of introducing new RI requirement. 
Simulation assumptions
Simulations are performed for CWIC and MMSE receivers, the simulation assumptions are as following:
· Transmission mode: TM4 rank-1and rank-2
· Antenna configuration: 2x2 medium correlation
· Fading channel: EPA 5
· OLLA: 10% BLER
Simulation results
The simulations are run for fixed rank-2 transmission with MMSE and CWIC receiver algorithms respectively and rank-1 transmission. Figure 2 plots the throughput results. 
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Figure 2 Throughput results of RI simulations
From the simulation results we can observe that under the simulation assumption:
· The crossover point of CWIC rank-2 and MMSE rank-1 is about 3dB lower than the crossover point of MMSE rank-2 and MMSE rank-1
The large crossover point difference shows that UE with enhanced rank indicator feedback matched to enhanced CWIC receiver should switch from rank-1 to rank-2 transmission much earlier than the unmatched one and brings higher throughput performance. While from figure we can also see that the switching points are very high, i.e. at 19.5dB and 22.5dB. In practical scenarios, how often this could happen is not very clear. And the very high SNR switching point may also cause problems in testing setup. Consider the above observation and concerns, we propose that:
Proposal 2:

Compared with unmatched demodulation and feedback reporting algorithm, the matched algorithm achieves non-trivial difference in term of lower switching point SNR level.  But the need to introduce new RI requirement for SU-MIMO and test setup feasibility can be FFS
4 Conclusion
In this contribution, we provide the simulation results to evaluate the need to introducing new CQI and RI tests for SU-MIMO. Based on the simulation results, we propose:
Proposal 1:

Matched demodulation and feedback reporting algorithm achieves non-trivial performance gain over unmatched one. But the need to introduce new CQI requirement for SU-MIMO can be FFS 

Proposal 2:

Compared with unmatched demodulation and feedback reporting algorithm, the matched algorithm achieves non-trivial difference in term of lower switching point SNR level.  But the need to introduce new RI requirement for SU-MIMO and test setup feasibility can be FFS
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