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1 Introduction

There were a lot of discussions on multi-Tx antenna transmission schemes for PUSCH in the LTE-Advanced study. However, the discussions were mainly focused only on the SC-FDMA system. On the other hand, it was agreed to employ clustered DFT-S-OFDM for LTE-A uplink transmission scheme because it will contribute to achieving higher system throughput [1-3] (e.g. used to fill the unused RBs by SC-FDMA). We believe that clustered DFT-S-OFDM is not an optional feature, but will be widely deployed to meet the throughput goals of LTE-A. Therefore, RAN 1 should carry on the discussions taking clustered DFT-S-OFDM into account.

In this contribution, we discuss precoding schemes for clustered DFT-S-OFDM, and show that multiple precoders [4] can achieve higher throughput over single precoder. Therefore we propose that multiple precoders be considered for Release 10.
2 Precoding scheme for LTE-A
In RAN1 56bis meeting, it was agreed as the baseline that single precoder is used for closed loop MIMO schemes [5]. If focusing only on SC-FDMA, it would be appropriate because contiguous RBs are allocated and optimum precoders for each RB would be almost the same. In addition, single precoder can contribute to reduce the overhead of precoder indication.

However, for clustered DFT-S-OFDM, frequency selective precoding should be considered more carefully because RBs are assigned discontinuously and the optimal PMIs for each cluster may not always be the same. In addition, if clustered DFT-S-OFDM is used to fill the unused RBs by SC-FDMA, in general it is impossible to maximize the gain by single precoder.

A cluster-based multiple precoding scheme was proposed in [4], which is a subset of frequency selective precoding. It was shown that multiple precoding scheme can achieve a considerable gain, however, the system or link level throughput performance has not evaluated yet. In addition, cubic metric of multiple precoder scheme is almost the same as single precoder as shown in Annex 6.2.
3 Throughput performance
In this section, we evaluate the link level throughput of the multiple precoding scheme. The codebook design corresponds to that in the current draft of 36.814. Figure 1 shows the simulation results of normalized throughput, assuming that transmit signal is divided into two clusters, and the two precoders for each cluster are chosen to maximize the SINR after the MMSE equalization. The channel model for Figure 1 (a) and (b) are urban micro and urban macro, respectively. In addition, Figure 2 shows the simulation results for 4-cluster case. From these result, it was demonstrated that the performance of multiple precoding outperforms that of single precoder in both conditions and the more gain can be achieved as the number of cluster becomes larger.
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Figure 1 Throughput performance of clustered DFT-S-OFDM (Number of clusters = 2)
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Figure 2 Throughput performance of clustered DFT-S-OFDM (Number of clusters = 4)
4 Conclusions

In this contribution, we discussed precoding schemes for clustered DFT-S-OFDM, and showed that multiple precoder can achieve the better performance than single precoder, especially when the number of clusters increases. Therefore, we propose that multiple precoding should be discussed in WI phase taking the supported cluster number and the DCI overhead into account.
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6 Annex
6.1 Simulation Assumptions
Table 1 Simulation Assumptions
	Parameter
	Explanation/Assumption

	Bandwidth
	20 MHz

	Carrier Frequency
	2.0 GHz

	Channel Model
	System level SCM
Urban macro and urban micro

	Antennas Configuration
	Tx: 2 cross polarized antenna
Rx: 2 cross polarized antenna

	Resource assignment for UE
	4 RBs
a) 2+2 RB for two clustered DFT-S-OFDM
b) 1+1+1+1 RB for four clustered DFT-S-OFDM

	UE mobility
	3 kmph

	Receiver Type
	Linear MMSE

	Rank adaptation
	Rank1 fixed

	Link adaptation
	Target BLER = 10−1

	Sampling Frequency
	32.55 ns

	FFT size
	2048

	Number of Occupied Subcarriers
	1200 (100 RBs)

	Channel Estimation 
	Ideal for demodulation and sounding

	Cyclic Prefix Type
	Normal CP

	HARQ scheme
	Incremental Redundancy in TS 36.212

	Maximum Retransmission number
	4

	Turbo decoding
	Max log-MAP
Maximum iteration = 6

	Feedback delay
	8 ms

	Scheduling
	Random

	Codebook design
	6 precoding vectors in 36.814


6.2 Cubic Metric

CMs of clustered DFT-S-OFDM are blow. We assumed that each cluster is randomly mapped to the RBs avoiding the contiguous allocation.
Table 2 Cubic Metric
	
	QPSK
	16QAM

	
	Multiple precoder
	Single precoder
	Multiple precoder
	Single precoder

	2-cluster
	1.963 dB
	1.963 dB
	2.633 dB
	2.633 dB

	4-cluster
	2.827 dB
	2.815 dB
	3.211 dB
	3.204 dB
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