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1 Introduction

For a 4 branch MIMO system pilots are needed for two main functionalities; channel state information (CSI) estimation through channel sounding where rank, CQI and PCI are estimated and channel estimation for demodulation purposes. For 4 branch MIMO two different approaches are possible.

· Common pilots for both CSI and data demodulation
· Common pilots for CSI estimation and dedicated (precoded) pilots for data demodulation

· Common pilots for CSI estimation and two additional common pilots for data demodulation

In RAN1#66 bis, it was decided to investigate common pilot (CP) approach for CSI and channel estimation option as well as an option with dedicated pilots along with common pilot solution used for estimation of the channel for CSI estimation [1]-[4].  

The impact of common pilot only solution is described in [6], [7].  It was concluded that a solution based on common pilots only will have a negative impact on legacy users unless the power on the additional pilots is less than -19 dB. However the demodulation performance of 4TX in this case will be adversely impacted. In RAN1#68, RAN1#68 bis, dedicated pilot performance are compared with common pilots. The results in [8] shown that the performance of dedicated pilots is very poor. As an alternative to dedicated pilots, scheduled common pilots (SP) for improving the link performance of four branch MIMO system was proposed.

2 Common pilot only solution
Figure 1 shows the Link level throughput for a UE with 3 different geometry factors. We plotted the performance with reduced pilot powers for 3rd and 4th antennas while keeping the pilot powers for 1st and 2nd antennas as -10 and -13 dB respectively.  The remaining power is allocated for HS-DSCH. It can be observed that as we reduce the pilot powers, the performance degrades due to bad channel estimation for CQI and data demodulation. The degradation is severe at high C/I compared to low C/I region. This is because at high C/I, there is a high probability of rank 3 and rank 4 transmissions and/or high data rates, which require a larger amount of pilot power energy. On the other hand, low data rates and/or rank selections, which occurs at low C/I can be demodulated with a lower amount of pilot energy (i.e. a higher traffic to pilot ratio).
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Figure 1 Link level performance when common pliots are used for CSI estimation and data demodulation. 
From the above figure it can be observed that for low to medium geometries/data rates, common pilot solution is sufficient to give a reasonable performance. We need additional pilots only at high SNR or high data rate applications

Figure 2 shows the Link level throughput for a UE with 3 different geometry factors for a 4x2 MIMO system. Similar to 4x4 MIMO, in this case also, the performance degrades as we decrease the common pilot power.  The main degradation is observed due to bad data demodulation performance for 64 QAM modulations.  At low to medium geometries, the performance with reduced pilot power is same as that of power with -13 dB.
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Figure 2 Link level performance of 4x2 MIMO system with different pilot powers on 3rd and 4th antennas
3 Summary and Conclusions

In this contribution, we analyze performance of common pilot only solution with different geometries. From simulation results it is observed that the gains depend on the geometry factor and the results indicate that additional common pilots may not achieve gains under all geometries/data rates.
Proposal 1: We recommend using additional pilots when a higher order modulation is configured.
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