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1. Introduction

For LTE single-carrier (SC)-FDMA based on DFT-Spread OFDM was selected in UL due to its advantages in terms of CM and the high degree of commonality with the OFDM-based radio access in the downlink. It was further discussed that a roll-off pulse shaping filter is effective in increasing the achievable throughput by reducing the CM especially if the UE is operating at its power limit. Therefore this paper investigates adaptive control of the roll-off factor depending on the Node B scheduling commands and the UE power status.

2. Simulation Setup
Figure 1 shows a transmitter block diagram for DFT-Spread OFDM radio access with a spectrum shaping filter in the frequency domain. As can be seen, the key operation in spectrum shaping in the frequency domain is the element-wise multiplication of the DFT outputs with a window sequence. Depending on the filtering function, if the signal is mapped on a larger set of sub carriers than output by the DFT, periodic extension is applied.
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Figure 1: Transmitter block diagram for DFT-Spread OFDM with spectrum shaping filter
3. PAPR and CM Results
Figure 2 shows the CCDF of the PAPR for QPSK and 16 QAM with RRC shaping. For QPSK the 99.9% PAPR without windowing is 5.7 dB and can be reduced by 1.1 dB for α = 0.19. For 16-QAM the achievable gain is about 0.8 dB.
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Figure 2: PAPR for QPSK (left) and 16-QAM (right) with RRC spectrum shaping
In Table 1 the 99.9 % PAPR for QPSK and 16-QAM is given dependent on the ( setting. With increasing ( the PAPR is decreasing.

	(
	0.0
	0.0533
	0.08
	0.1066
	0.133
	0.1600
	0.1866
	0.213

	QPSK
	5.7
	5.4
	5.2
	5.1
	5.0
	4.8
	4.6
	4.5

	16QAM
	6.4
	6.2
	6.1
	5.9
	5.8
	5.7
	5.6
	5.5


Table 1: 99.9 % PAPR for QPSK and 16-QAM
For comparison Table 2 shows the CM similar dependent on the ( setting for QPSK and 16-QAM. The achievable CM gain for the investigated ( range between 0 and 2.1 is 0.53 dB for QPSK and 0.27 dB for 16-QAM.
	(
	0.0
	0.0533
	0.08
	0.1066
	0.133
	0.1600
	0.1866
	0.213

	QPSK
	0.9800
	0.8171
	0.7523
	0.6838
	0.6168
	0.5564
	0.5010
	0.4459

	16QAM
	1.7604
	1.6596
	1.6237
	1.5936
	1.5650
	1.5370
	1.5103
	1.4865


Table 2: CM [dB] for QPSK and 16-QAM
4. Link Performance Results

For the link performance results it is assumed that the UE applies spectrum shaping only if in power limited state and preferably if no other UEs in the cell are scheduled in the neighbouring sub‑bands. It is further assumed that the Node B receiver does not know whether the spectrum shaping is performed at the transmitter and therefore the receiver algorithm always assumes α = 0.0.

	Parameter
	Value
	Unit

	Transport block size
	284
	bit

	Number of transport blocks
	1
	block/TTI

	CRC length
	16
	bit

	Subframe length
	0.5
	ms

	TTI length
	1
	sub‑frame

	Physical channel
	75x6 localized
	symbols

	Modulation
	QPSK 
	

	Coding rate, QPSK
	1/3 turbo
	


Table 3: Simulation parameters
The QPSK rate 1/3 BLER curves with different ( settings are shown in Figure 3 and 4 in case of AWGN and for TU3 with 2 RX antennas.
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Figure 3: BLER for QPSK (coding rate 1/3) with RRC spectrum shaping (static channel case).
The ‘S’ is calculated as the total received signal power divided by NDFT.
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Figure 4: BLER for QPSK (coding rate 1/3) with RRC spectrum shaping
 (TU3 and 2 RX antenna case)
In Figure 5 and 6 the QPSK rate 1/3 BLER dependent on the sub‑carrier SNR + CM is shown. It can be seen that in case a UE is power limited applying a RRC with ( = 0.16 .. 0.21 improves the achievable link performance by about 0.3 dB for the static case and for the TU3 case by about 0.4 dB at a BLER of 10 %. Since there are no requirements for the receiver, the induced additional system complexity is low.
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Figure 5: BLER for QPSK (coding rate 1/3) with RRC spectrum shaping
and taking CM into account (static channel case)
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Figure 6: BLER for QPSK (coding rate 1/3) with RRC spectrum shaping
and taking CM into account (TU3 and 2 RX antenna case)

The advantage of adaptively controlling the α setting is that in case the UE is not operating in the power limited range no filtering would be applied and therefore no spectrum efficiency loss occurs. Also, since the CM gain for 16QAM is much smaller than for QPSK, the application of RRC filtering either gives no gain, or leads to a loss.
5. Conclusions

In this contribution we analyzed RRC spectrum shaping and the results show that it is an interesting means to improve the LTE UL by further reducing the CM of SC-FDMA. It is especially advantageous for UEs that operate at their power limit, and the case where there are no UL transmissions in the frequency-neighbouring chunks. Such information could be derived by the UE e.g. by monitoring the UL scheduling grants transmitted by the Node B. Since a fixed ( setting ((>0.0) leads to some performance degradation (spectrum efficiency loss) for those UEs that are operating not at their power limit, the α setting could be adaptively controlled by the UE itself.











































































