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1 Introduction

In [1] - [4], we introduced a Multi-User MIMO (MU-MIMO) scheme with unitary precoded spatial multiplexing (also known as PU2RC: per user unitary rate control). PU2RC requires feedback signalling of a precoding index from the predetermined codebook. In this contribution, we provide the throughput performances of PU2RC based on different feedback overheads due to the various unitary codebook sizes. Simulation results show that the potential gain of precoding for MU-MIMO is achievable with small amount of codebook size (e.g., 1or 2-bit feedback) and that the gain from more unitary codebooks saturates quickly. 
2 Simulation Assumptions
We perform link level simulations with the purpose of showing the available gains of precoding based on different codebook sizes for MU-MIMO. Table 1 describes simulation assumptions used in performance comparisons.
Table 1. Link level simulation assumptions
	Channel Model 2x2
	Independent Identically Distributed

	Codebook type
	As proposed in [1]

	Codebook size
	1, 2, 4, 8

	Scheduler 
	Maximum Throughput

	MIMO Antennas: Tx by Rx
	2x2 MIMO

	Feedback Information
	1 CQI, 2 CQI

	Capacity Calculation
	Ideal Shannon Capacity

	Geometry
	5dB

	MIMO receiver
	MMSE linear receiver


3 Simulation Results

Two different feedback scenarios are assumed using 2x2 MIMO, in which 2 CQIs per UE (full feedback) and 1 CQI per UE (partial feedback) are investigated, respectively. In Fig. 1 and Fig. 2, it is shown that precoding with codebook size equal to 2 or 4 (i.e., 1 or 2-bit feedback) achieves the best performance compared to any larger codebook. Precoded MU-MIMO also outperforms non-precoded MU-MIMO over all the range of number of users. In both figures, there are some cross-over points between curves because depending on the number of users and codebook size the maximum sum rate changes related to the best user selection of each precoded streams at the transmitter. 
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Figure 1. Capacity performance of precoded MU-MIMO with 2 CQI feedback
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Figure 2. Capacity performance of precoded MU-MIMO with 1 CQI feedback
4 Conclusions
In this contribution, we evaluated the capacity performance of MU-MIMO with unitary precoding (PU2RC) with different codebook sizes. Simulation results showed that with a small codebook size (i.e., 1-bit feedback) precoding gain is achievable, and outperforms non-precoded MU-MIMO (i.e., codebook size = 1) over all the range of number of users. Thus, precoding with MU-MIMO must be considered to improve system throughput. Also, since the gain from larger codebooks saturate quickly, there is no need for large codebooks. 
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