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1.1. Introduction

In this contribution we show link performance results of frequency selective and non-selective precoding in LTE-ETU and SCM-C channel model and transmission CM comparison results. The simulation results show us there may be benefits to study further on support of frequency selective precoding for the uplink. Detailed simulation parameters and additional results are shown in the Annex section.
2.1. CM comparison between frequency selective and non-selective precoding
Although CM optimization of uplink transmission is still under study, CM may be important comparison metric for frequency selective and non-selective precoding. Here we show CM results for 1, 2, and 3 subband precoding. Figure 1 shows cumulative distribution function of CM values for different transmission scenarios. The simulations were conducted assuming that precoding matrix elements consist of QPSK values, and no specific precoding codebook was assumed. Hence, the results shown here can be applied to any type of codebook we may have decided for the uplink.
Table 1. CM comparison results
	
	
	1 subband
	2 subband
	3 subband

	No-spacing between subband
	wideband
	1.22 dB
	N/A
	N/A

	
	subband
	N/A
	1.96 dB
	2.52 dB

	Equal spacing between subband
	wideband
	N/A
	1.96 dB
	2.13 dB

	
	subband
	N/A
	1.96 dB
	2.52 dB

	Un-equal spacing between subbands
	wideband
	N/A
	N/A
	2.52 dB

	
	subband
	N/A
	N/A
	2.52 dB


From the results, we can see that there is practically no difference in CM between wideband and subband precoding in case cluster DFT-s-OFDM is used, and about 0.7 ~ 1.2 dB difference in case subband precoding is used for SC-FDMA.

3.1. Performance Results and Analysis
We have simulated fixed MCS link level simulation with dynamic adaptation of precoding matrices. For frequency selective precoding, 2 or 3 precoding matrix were used across entire bandwidth. For frequency non-selective precoding, 1 precoding matrix across entire bandwidth was used. Precoding adaptation delay of 4ms was incorporated in the simulation. The transmission waveform was based on clustered DFT-s-OFDM, which was agreed to be the additional uplink access scheme for LTE advanced.
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Figure 1. Rank 2 with 2 precoding matrix in SCM-C
From the simulation results for Rank 2 with 2 precoding matrix across the entire bandwidth, we can see that frequency selective precoding shows gains in all MCS levels with approximate performance gain between from 0.4dB to 0.6dB at BLER of 10%. The gains can be seen in all the channel models tested in this contribution. Simulation results of different channel models are shown in the Annex section.
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Figure 2. Rank 2 with 3 precoding matrix in SCM-C
From results from Rank 2 with 3 precoding matrix across the entire bandwidth, we can see that performance gain is more significant compared to only using 2 precoding matrix. The gains range from 0.3dB to 0.7dB in SCM-C channel model, 0.4 dB to 1.1dB in LTE-ETU channel model, and 0.5dB 1.0dB in LTE-ETU with correlation channel model..
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Figure 3. Rank 3 with 2 precoding matrix in SCM-C
In case of Rank 3 with 2 precoding matrix across the entire bandwidth, the relative performance gain compared to Rank 2 is reduced but nevertheless the gains achievable, range from 0.2 dB to 0.7dB and are expected to be higher in higher MCS levels. The maximum MCS simulated was 26th MCS index, whereas LTE specification supports up to 29th MCS index.
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Figure 4. Rank 3 with 3 precoding matrix in SCM-C
Again the performance gains increase in case 3 precoding matrix across the entire bandwidth is used. The performance gains range from approximately 0.3dB to 1.2dB for SCM channel model and 0.4dB to 1.6dB for LTE-ETU channel model. The gains achievable in Rank 3 seem significant especially for the high MCS levels which will give us higher peak data rates for Rank 3 transmission scenarios.
Overall, frequency selective precoding seems to show promising performance benefits in all MCS levels and various channel environments. Considering the fact that average SNR gap between 2 consecutive MCS levels are between 1~2dB (depending on propagation channel), additional gains of 0.3~1.0dB or higher in all MCS levels can be considered as significant gains.
4.1. Summary
In this contribution, we show performance between frequency selective and frequency non-selective precoding in LTE advance uplink. From the link level simulation results in various channel environments and various MCS levels, the gains are very promising. Thus, we propose to consider further on the possibility of having frequency selective precoding for LTE advance uplink.
Annex. Simulation Parameters and Additional Results
Table 2 Simulation parameters
	Parameter
	Values

	Multiple access scheme for UL
	Cluster DFT-s-OFDM (SC-FDMA)

	Carrier frequency
	2 GHz

	System bandwidth
	10 MHz

	Subframe structure
	LTE PUSCH

	Reference signal sequence
	LTE PUSCH DM-RS

	Allocated RSs
	4 RB per cluster
10 RB separation between cluster

	Channel model
	SCM-C, LTE-ETU (from TS36.101),

LTE-ETU w/ spatial correlation

	Spatial correlation for LTE-ETU
	Uniform linear array complex correlation,

Tx correlation 0.3, Rx correlation 0.7

	Mobile speed
	3 Km/hr

	MCS
	based on LTE uplink MCS table in TS36.213

MCS 4, 8, 13, 17, 22, 26 (from 0~29)

	Precoding adaptation delay
	4 ms

	Channel estimation
	Real channel estimation

	HARQ modeling
	No HARQ transmission

	Transmit scheme
	Spatial multiplexing – up to 2 CW

	Precoding
	Wideband precoding, precoding per cluster

	Codeword to layer mapping
	LTE based codeword to layer mapping

	Turbo decoder type
	Max-Log-MAP

	Antenna configuration
	4 Tx – 4 Rx

	Receiver type
	MMSE

	Precoding adaptation delay
	4 ms
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Figure 5. Rank 2 with 2 precoding matrix in LTE-ETU
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Figure 6. Rank 2 with 2 precoding matrix in LTE-ETU with correlation
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Figure 7. Rank 2 with 3 precoding matrix in LTE-ETU
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Figure 8. Rank 2 with 3 precoding matrix in LTE-ETU with correlation
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Figure 9. Rank 3 with 2 precoding matrix in LTE-ETU
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Figure 10. Rank 3 with 2 precoding matrix in LTE-ETU with correlation
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Figure 11. Rank 3 with 3 precoding matrix in LTE-ETU
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Figure 12. Rank 3 with 3 precoding matrix in LTE-ETU with correlation
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