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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 antenna configuration
· TU Case 1 channel model.
· TU20 PDP used with varying spatial correlation
· 10MHz bandwidth – UE transmits over the full bandwidth
· 20 users per sector
· Precoding based on SU-MIMO codebook (1-4-1) or 2-bit DFT 2x2 codebook 
· The receiver is an LMMSE receiver which may be aware of the interfering UE or not
· Multiuser CQI is computed from single-stream CQI as described in [1]
Following schemes were simulated:

· PARC: 2x2 PARC with STTD as fallback mode

· UN-DFT: unitary precoding, Rmin = 512 kbps, DFT codebook

· UN: unitary precoding, Rmin = 512 kbps, SU-MIMO codebook

· ZF: ZF precoding, Rmin = 512 kbps, SU-MIMO codebook 
The simulation methodology related to user selection and resource allocation is the same as in [3]. 
Figure 1 shows the achieved system throughput for the different MU-MIMO schemes and SU-MIMO as reference for Case 1 channel model as a function of spatial correlation at TX side with the receiver being aware of the multi-user interference. In Figure 2 simulations results for the case of the receiver being not aware of the interference are shown.
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Figure 1. Simulation results for various schemes as a function of spatial correlation at TX side assuming Case 1 and a receiver that is aware of the multi-user interference: (a) sector throughput, (b) coverage.
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Figure 2. Simulation results for various schemes as a function of spatial correlation at TX side, assuming Case 1, and a receiver that is not aware of the interfering UE: (a) sector throughput, (b) coverage.

Following observations can be made from the results comparing the case of the receiver being aware of the interference in Figure 1 and being unaware in Figure 2:
· Performance of MU-MIMO schemes increase as TX correlation increases, both in average cell throughput and coverage. Performance of SU-MIMO is not improved due to the utilization of an open loop technique for rank-1 transmission. Moreover it is not degraded due to small rank-2 transmission probability even in uncorrelated case.

· For low spatial correlation there is high performance degradation when not knowing the interference. The degradation is still substantial for medium to high ((=0.8) spatial correlation values, and is relatively small only for extremely high values of spatial correlation ((=0.97). This performance degradation is due to non-ideal computation of precoding weights, resulting in interference from the other user allocated in MU-MIMO mode. For very high spatial correlation, the spatial separation between users guarantees that this interference is small, and hence there is smaller benefit from interference cancellation.

· This performance degradation is higher for ZF than for unitary precoding, since ZF precoding is more sensitive to channel quantization errors, especially for channels with high correlation. In fact, average cell throughput becomes similar for both schemes, with unitary precoding slightly outperforming ZF precoding in case of a receiver being not aware of the multi-user interference.

As a consequence, in case that MU-MIMO is operated only in the highest correlated scenarios, the performance degradation of not knowing the multi-user interference is rather small. In case of MU-MIMO should operate also in high to low correlation environments, interference knowledge is required in order to achieve reasonable performance and it is therefore a necessity. Therefore, the decision if the UE needs to be informed about the spatial structure of the multi-user interference is very much dependent on the application scenario in mind. 
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 in case of low to high channel correlation if the receiver is aware of the multiuser interference. Only in very high correlation scenarios the gain is vanishing. 

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 are based on codebook-based transmission [2].  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 – preferably a single precoder for the full bandwidth.
Another option is to use dedicated pilots. As the pilots might not be 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 and the weight verification from a dedicated pilot of an almost orthogonal transmission to a co-channel user even harder. Therefore, signaling the used precoding weights seems to be the better alternative.
4. Conclusions

The simulation results presented in this contribution indicate that knowledge of the other existing scheduled users is beneficial for the receiver operation and the corresponding system performance in low to high ((=0.8) TX antenna correlations. The benefit vanishes for very high correlation values ((=0.97 considered in the investigations).

The final decision on the need of interference knowledge in the UE is very much dependent on the intended MU-MIMO application related to TX antenna correlation. According to [2], MU-MIMO for LTE should be designed for scenarios with high antenna correlation as suggested in [2] – for high correlations in the order of (=0.8 there is still gain in the order of 12% by knowing the spatial structure of the interference. 
In case that MU-MIMO should be also operated in medium ((=0.5) to low correlation scenarios, downlink signaling and precoding has be designed to support the UE in acquiring the multi-user information in order to outperform SU-MIMO. 
.

5. References

[1] R1-072983, Nokia, Nokia Siemens Networks, “Channel Quality Indicator (CQI) Reporting for LTE MU-MIMO”
[2] R1-073225, AH Chairman, “MIMO AH Summary”

[3] R1-072985, Nokia, Nokia Siemens Networks, “ LTE Multiuser MIMO with Frequency-Domain Packet Scheduling”
