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1 Introduction

At TSG-RAN WG1#42Bis NEC presented a contribution [1] comparing Distributed FDMA (D-FDMA, or IFDMA) and Localised FDMA (L-FDMA) with frequency hopping (L-FDMA+FH). 
In [1] the simulations assumed ideal channel estimation and a time domain transceiver architecture.  At WG1#43 results were presented using real channel estimation and a frequency domain transceiver architecture [2]. In the D-FDMA case, the effect of staggered pilot transmission was also evaluated.

In this contribution the effect of using CAZAC pilot sequences is evaluated.  As in [2] frequency domain pilot multiplexing is used but with CAZAC pilot patterns (the same one for all users) to evaluate if the flat frequency domain response property of CAZAC sequences aids channel estimation and thus improves performance.
Comparisons are made for D-FDMA and L-FDMA with Frequency Hopping (L-FDMA+FH).  For the D-FDMA case staggered pilots are used as described in [2].  

2 CAZAC Sequences

CAZAC sequences are so named because they have constant amplitude and zero circular autocorrelation properties.  Other properties include a flat frequency domain response and, if the length of the sequences is prime, a constant magnitude circular cross-correlation between two sequences.  

In these simulations CAZAC sequences have been generated according the example given in [3], i.e:
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Where L is the length of the sequences, k is the generator index (relatively prime with L) and n is the index into the sequence. 

3 Simulation Results
For these simulations L is set to be the length of the short block size according to 25.814 v0.4.1 Table 9.1.1-1 and k is set to 1.  Note that as the length of pilot sequences is not prime, the full set of sequences is not available.  Also note that when CAZAC pilots are used, scrambling is only applied to the data blocks.

3.1. Scenario 1
In this scenario four users share 10 MHz spectrum. The simulation assumptions are shown in Table 3.1.
In both the D-FDMA and L-FDMA+FH cases, channel estimation is performed in the frequency domain by dividing the FFT of the received pilot block by the FFT of the transmitted pilot samples (including pulse shaping). 

In the L-FDMA+FH, the channel estimates from the two pilot blocks in each sub-frame are combined in the frequency domain using maximum ratio combining. In D-FDMA using staggered pilot transmission, a frequency domain channel estimate is calculated from each pilot block and these are then interleaved in the frequency domain. Thus staggered pilot transmission increases the frequency resolution of the channel estimate but reduces the SNR of each occupied pilot bin. 

In all cases, linear interpolation between adjacent pilot bins in the frequency domain is used to generate the channel estimate for equalisation of the data blocks.

	Simulation duration
	10000 TTIs

	Transmission Bandwidth
	10 MHz

	Channel Estimation 
	Real

	Sample rate
	30.72 MHz

	Modulation 
	QPSK / 16QAM 

	Pulse shaping roll-off factor
	0.22

	Pilot / Data power
	0 dB

	Spreading factor
	1

	Chip Repetition Factor (D-FDMA)
	4

	Number of sub-carriers (L-FDMA)
	4, with spacing 2.6 MHz

	D-FDMA sub-frame format
	25.814 v0.4.1 Table 9.1.1-1 ‘10MHz’ case

	L-FDMA sub-frame format
	25.814 v0.4.1 Table 9.1.1-1 ‘2.5MHz’ case

	FEC
	Rate ½ Turbo encoding

	TTI Interleaving
	R99 2nd interleaver

	HARQ method
	IR

	Max. number of HARQ retransmissions
	4

	HARQ retransmission interval
	6 TTIs (between start of successive transmissions)

	HARQ ACK/NACK decoding error rate
	0

	L-FDMA frequency hopping period
	1 sub-frame 

	L-FDMA frequency hopping pattern
	Pseudo-random

	Channel
	TU with 6 paths, type (1) (from [4])

	Doppler rate
	222.22 Hz (120 km/h @ 2.0 GHz)

	Number of receive antennas
	2 (with equal gain combining)

	Number of sub-frames per TTI
	1
	4

	TTI duration
	0.5 ms
	2.0 ms

	
	QPSK
	16QAM
	QPSK
	16QAM

	Number of Transport Blocks per TTI
	1
	1
	1
	2

	Transport Block Size (including CRC), bits
	896
	1796
	3596
	3596


Table 3.1 : Simulation Parameters for Scenario 1
The results are shown in Figure 3.1 to Figure 3.4.
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Figure 3.1 : Scenario 1 : 0.5ms TTI Length, QPSK
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Figure 3.2 : Scenario 1 : 2.0ms TTI Length, QPSK
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Figure 3.3 : Scenario 1 : 0.5ms TTI Length, 16 QAM


[image: image4]
Figure 3.4 : Scenario 1 : 2.0ms TTI Length, 16 QAM
In all cases the performance is improved by using CAZAC pilot sequences.  More improvement is seen for D-FDMA than L-FDMA+FH.  Most improvement is seen in the 2ms TTI cases, where the BLER improvement is 2.5dB and 1dB for the D-FDMA and L-FDMA+FH cases respectively.  There is still a performance benefit from frequency hopping even when CAZAC sequences are used for the pilot blocks. 
3.2. Scenario 2
In this scenario, D-FDMA is used to share the 10 MHz of spectrum between ten users. The purpose of these simulations is to compare the performance with and without CAZAC pilots in the case of a larger number of users.
The simulation parameters are shown in Table 3.2.
	Simulation duration
	10000 TTIs

	Transmission Bandwidth
	10 MHz

	Channel Estimation 
	Real

	Sample rate
	30.72 MHz

	Modulation 
	QPSK / 16QAM 

	Pulse shaping roll-off factor
	0.22

	Pilot / Data power
	0 dB

	Spreading factor
	1

	Chip Repetition Factor (D-FDMA)
	10

	Number of sub-carriers (L-FDMA)
	8, with spacing 1.3 MHz

	D-FDMA sub-frame format
	25.814 v0.4.1 Table 9.1.1-1 ‘10MHz’ case

	L-FDMA sub-frame format
	25.814 v0.4.1 Table 9.1.1-1 ‘1.25MHz’ case

	FEC
	Rate ½ Turbo encoding

	TTI Interleaving
	R99 2nd interleaver

	HARQ method
	IR

	Max. number of HARQ retransmissions
	4

	HARQ retransmission interval
	6 TTIs (between start of successive transmissions)

	HARQ ACK/NACK decoding error rate
	0

	Channel
	TU with 6 paths, type (1) (from [2])

	Doppler rate
	5.556 and 222.22 Hz (3 and 120 km/h @ 2.0 GHz)

	Number of receive antennas
	2 (with equal gain combining)

	Number of sub-frames per TTI
	1

	TTI duration
	0.5 ms

	Number of Transport Blocks per TTI
	1

	
	D-FDMA (10 users)
	L-FDMA (8 users)

	Transport Block Size (including CRC), bits
	QPSK
	16QAM
	QPSK
	16QAM

	
	356
	716
	446
	896


Table 3.2 : Simulation Parameters for Scenario 2
The results are shown in Figure 3.5 to Figure 3.6.


[image: image5]
Figure 3.5 : Scenario 2 : 3 km/h : QPSK


[image: image6]
Figure 3.6 : Scenario 2 : 3 km/h : 16QAM
Again a considerable improvement (~3.0 and ~2.5dB for the QPSK and 16QAM cases respectively) can be seen when CAZAC sequences are used for the pilot pattern.
4 Conclusions
This contribution has extended the simulation results comparing the performance of L-FDMA and D-FDMA that were presented in [1] and [2] by considering using CAZAC sequences for the pilot pattern.  In all simulated cases using CAZAC sequences improves the performance.
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