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1. Introduction

Both unitary precoding and zero forcing (ZF) precoding utilize quantized channel information at the node B. Due to the quantization and other impairments such as limited feedback granularity in the frequency domain and feedback delay, neither the unitary precoding nor the ZF precoding can achieve perfect user separation. Thus, it would be beneficial to be able to suppress interference caused by the other scheduled users especially if receive antenna diversity is considered, as indicated by the simulation results in the following section. Furthermore, the downlink signalling should be designed to support UEs in acquiring the required information. 
2. Numerical Results
System simulations were made with the following assumptions:
· 2x2 system
· TU Case 1 channel model.
· 10MHz bandwidth.
· UEs transmit always with full bandwidth.
· The receiver is an LMMSE receiver which may or may not be aware of the interfering UE.
· Multiuser CQI is computed from single-stream CQI as described in [1].
Following schemes were simulated:

· SU-2bit: single user, 10 users per sector, DFT codebook with 2 bits

· UN-2bit-LMMSE: unitary precoding, 10 users per sector, DFT codebook with 2 bits. Perfect knowledge on the precoding vectors of all users.
· UN-2bit: unitary precoding, 10 users per sector, DFT codebook with 2 bits. Perfect knowledge on the own precoding vector only.

· ZF-4bit-LMMSE: ZF precoding, 10 users per sector, DFT codebook with 4 bits. Perfect knowledge on the precoding vectors of all users.
· ZF-4bit: ZF precoding, 10 users per sector, DFT codebook with 4 bits. Perfect knowledge on the own precoding vector only.
Figure 1 shows the achieved system throughput for the different MU-MIMO schemes and different receivers. The results clearly indicate the benefit of suppressing multiuser interference. The number of bits was 2 for the unitary precoding scheme to maintain scheduling flexibility and 4 for the ZF precoding scheme to achieve good feedback accuracy. 
Figure 2 shows the subcarrier C/I after the receiver for the above mentioned schemes. It is clear from the figure that without suppressing multiuser interference there is a loss in C/I, especially at high geometries, which makes it very difficult to obtain multiuser gain.  
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Figure 1. Sector throughput for various MU-MIMO schemes.
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Figure 2. Subcarrier C/I for various MU-MIMO schemes. The receiver may or may not be aware of the interfering UE.
3. Impact of Interference Awareness on Precoding and Downlink Signaling

The simulation results indicate that there is significant performance benefit for both MU-MIMO schemes if the receiver is aware of the multiuser interference. The received signal can be utilized to estimate the covariance of the received signal for the LMMSE estimator. However, the number of symbols in one resource block is rather small, thus most probably providing inaccurate estimates unless it can be assumed that the precoding information does not change in every resource block. 

Good quality interference awareness can also be achieved if the downlink signaling is designed to support UEs in the estimation. There are at least following options:
· Explicit signaling of the allocated precoding vectors on PDCCH channel (both own and other users’)

· Use of dedicated pilots 

The explicit signaling of the allocated precoding vectors should work for both unitary and ZF precoding since both schemes should be based on codebooks. However, the signaling is possible only if the weights are constant over the scheduled bandwidth, which also restricts slightly the freedom in frequency domain scheduling. Thus, it would be beneficial in this respect that the granularity of the precoding weight information in the frequency domain is low.
Another option is to use dedicated pilots. As the pilots are not scattered into all resource blocks, the same limitations apply on the frequency domain granularity of the used precoding weights. On the other hand, precoding vectors based on large codebooks may be difficult to detect from dedicated pilots.
4. Conclusions

The simulation results indicated that knowledge of the existing other scheduled users is beneficial for the receiver operation and the corresponding system performance. Thus, downlink signaling and precoding should be designed to support UE in acquiring the information. The precoding granularity should be low in frequency domain and either explicit signaling or dedicated pilots could be used.
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