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Summary

In previous contributions [1,2], we evaluated the link throughput performance of our multi-rank beamforming (MRBF) scheme for different scenarios using the SCME channel model. Multi-rank beamforming primarily relies on controlling the transmission rank per coherent feedback and using a low complexity SVD  based precoding technique to pick the best precoder from the codebook for the given channel condition. Please refer to [1-4] for the detailed description of the multi-rank beamforming scheme. Based on simulation results, in [1] we suggested effective feedback loads and precoding codebook sizes for the 2x2 and 2x4 MIMO configurations.


In this contribution, we investigate the throughput performance of our multi-rank beamforming scheme in a multi-user scenario. We use the best-M feedback method [7] to achieve frequency selective scheduling gain with reduced feedback. Four schemes of the best-M feedback type having varying feedback loads are examined. The effect of the codebook size on the throughput performance in the 2x4 case is also examined.

Simulation scenarios and channel models
We assume a single cell configuration with no interference from the other cells. The average signal to noise ratio of all UEs is assumed to be the same. The other important simulation parameters are listed in Table 1. 

The following four schemes for the best-M MRBF with varying feedback loads are considered. 

1. In the first scheme, each UE feeds back rank, preferred matrix index (PMI), and two CQIs for each of the M chunks (or precoding blocks). The nodeB then uses the feedback information to schedule the UEs. For each scheduled UE, MIESM mapping [6] is used to decide the MCS for each of the (at most two) codeword(s).
2. In the second scheme, a common rank is chosen for all the best-M chunks. The PMIs and CQIs are separately chosen for each chunk and fed back.
3. In the third scheme, a common rank and two common CQIs are chosen, whereas, the PMIs are separately chosen.
4. In the fourth scheme, a common rank, a common PMI, as well as two common CQIs are chosen and fed back.
We consider each of the aforementioned schemes with or without secondary CQI. In the former case, two secondary CQIs are computed as follows and fed back. For the first to third schemes, the CQIs for each of the remaining chunks are computed using the PMI and rank selected for the best chunk, whereas, for the fourth scheme, they are computed using the common rank and PMI of the best-M chunks. In this set of simulations, the secondary CQIs are then chosen to be the ones corresponding to the second worst chunk in terms of the estimated throughput. 
We consider UEs with 2 receive antennas and nodeB with 2 and 4 transmit antennas. 

The MRBF scheme relies on SVD of the channel matrix and quantization of the resulting singular vectors to obtain the preferred matrix index. It has been shown in [8] that the SVD can be implemented efficiently with small number of CORDIC operations and no matrix multiplications and is computationally cheaper than obtaining the MMSE filter for one channel matrix.
Performance results 

Figure 1 shows the average per user throughput performance of the first and fourth schemes for the 2x2 MIMO configuration with 6 users with and without secondary CQIs. The throughputs of the second and third schemes lie in between those corresponding to the first and fourth schemes, and therefore, they have been removed from the plot for clarity. It is observed that the schemes with secondary CQIs have a considerably larger throughput than those without the secondary CQIs. It is also observed that in both cases, the scheme with common rank, common PMI, and two common CQIs results in a very marginal loss of throughput in comparison with the scheme with independent ranks, PMIs, and CQIs for each of the best-M chunks.
Figures 2 and 3 show the performance of the first and fourth schemes for the 2x4 MIMO configuration with 6 users without and with secondary CQIs. In each figure, the performance of the first and fourth schemes using a rank specific codebook of size 5 and 7 bits are presented. Similar to the 2x2 configuration, the fourth scheme results in a marginal loss with respect to the first scheme. Also, the performance improvement with a 7-bit codebook in comparison to the 5-bit codebook is also marginal. 
Conclusions

Based on these simulation results, it is observed that a good choice of per user feedback consists of one PMI, one rank, and two CQI pairs (primary and secondary).  The simulation study for other scenarios is FFS. The feedback associated with the secondary CQIs can potentially be further compressed. If only one rank and one PMI feedback information is sufficient, the PMI and rank can be combined to better utilize the feedback bits. The use of separate rank bit(s) constraints the size of the codebook for each rank to be equal, which may not be a suitable choice. 
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Appendix

Table 1 shows the channel model and assumptions used in the simulations presented in this document.

	Parameter
	Assumption

	Access
	OFDM

	RF carrier frequency
	2.0 GHz

	Bandwidth
	5.0 MHz

	Number of paths (Multi-path model)
	6

	Sub-carrier spacing
	15.0 kHz

	Sampling frequency
	7.68 MHz

	Number of occupied sub-carriers
	300

	Number of OFDM symbols per TTI
	12 (6 x 2)

	Number of data symbols per TTI
	3600 (1800 x 2)

	Symbol rate
	7.2 M/s

	CP length
	4.82 micro second

	FFT point
	512

	Number of antennas at BS
	2 and 4

	Number of antennas at MS
	2

	Codebook size (in bits) 
	3 for 2x2 configuration and 5, 7 for 4x2 configuration

	Number of the primary chunks (M)
	3

	Channel model
	SCM: 3kmph

	Channel estimation
	Ideal channel estimation

	Scheduler
	Proportional fair

	Precoding block size
	One chunk of 25 tones


Table 1. Parameters and channel model
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Figure 1: Throughput comparison of 2x2 best-M multi-rank beamforming with and without secondary CQI
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Figure 2: Throughput comparison of 2x4 best-M multi-rank beamforming without secondary CQI
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Figure 3: Throughput comparison of 2x4 best-M multi-rank beamforming with secondary CQI



































































































































































































































































































































































