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1. Introduction

The uplink transmission for E-UTRA LTE system is based on SC-FDMA. According to the current working assumptions of TR25.814 v.7.0.0, the uplink transmission subframe structure consists of 2 short OFDM symbol blocks and 6 long OFDM symbol blocks [1]. In the 2 short blocks uplink reference signal is transmitted. The mainly discussed reference signal transmission techniques were Code Division Multiplexing (CDM) and Frequency Division Multiplexing (FDM) [2][3][4]. In this contribution, to shed some light on this disputed topic we have simulated and compared performance of CDM and FDM reference signal for uplink SC-FDMA.
2. Link level performances

The link level performances were obtained considering various amounts of resource blocks with ideal and real channel estimation. All the uplink simulation assumptions conform to the configurations in the Table 9.1.1.1 in TR 25.814[1]. Table 1 describes basic simulation parameters used in this contribution. Because we are trying to compare BLER performance for FDM and CDM reference signal schemes, we have allocated the data channel in a distributed SC-FDMA manner. The 2 cases we have simulated are when the user has either 25 subcarriers or 75 subcarrier allocation for data. In the 5 MHz bandwidth system users with 25 subcarrier for data, which means there could be up to 12 users, and 4 users for the 75 subcarrier case. So the reference signal allocation for FDM was chosen so that either 12 or 4 according the simulation case. This means reference signal is inserted in the SB so that each UE would either get 1 reference signal per 12 or 4 subcarriers respectively. In the CDM reference simulation CDM reference signal was spread over the entire bandwidth using CAZAC sequence.
Table 1. Simulation parameters

	Parameters
	Value

	Bandwidth
	5MHz

	Modulation & Channel coding
	QPSK (Turbo R=1/3)

	User traffic allocation
	Distributed SC-FDMA

	Amount of resource used in data 
	25 and 75 subcarriers

	TB Size
	96 (25RB, QPSK), 296 (75RB, QPSK)

	Channel model
	COST207 Typical Urban

	UE speed (km/h)
	3km/h

	Pilot channel allocation
	FDM Pilot: every 12th subcarrier for 25 subcarrier case

     every   4th subcarrier for 75 subcarrier case 
CDM Pilot: over whole bandwidth with reduced power

	Channel estimation
	Freq. domain: FFT based interpolation
Time domain: Averaging 2 short blocks in a subframe

	Number of antennas
	Tx 1, Rx 2 (MMSE receiver)


Table 2 show the Typical Urban channel delay profile used in the simulation. FDM reference signal repeats itself every 21 (256 divided by 12) samples and CDM reference signal has a cyclic shifted versions of itself every 21 samples. This means that the last delayed path will give interference to other users in CDM reference signal structure and give self interference in FDM signal structure, in the TU channel environment. So the channel estimation window size for this case was set to 20 samples. The last delayed path which is delayed 39 samples will not be included in the channel estimation. In the 75 subcarrier case the channel estimation window size was set to 40 samples. This simulated case will include the last delayed signal into the channel estimation process.
Table 2. Channel Delay Profile

	Path
	Delay[samples]
	Power[%]

	1
	0
	18.97

	2
	2
	37.85

	3
	5
	23.88

	4
	13
	9.51

	5
	19
	6.00

	6
	39
	3.79


Figure 1 shows the link level performance simulation results for single cell environment. Since there is only a single cell and no other cell to give interference, BLER of the system was plotted against the different Signal to Noise Ratios (SNR).When there is no interference from the others cells FDM either out performs CDM very slightly or performs the same. Figure 2 shows the link level performance simulation results for two cell environment. In the two cell environment, there is a single dominant interfere cell. So the BLER of the system was plotted against the different Signal to Interference Ratio (SIR). From the results we can see that FDM reference signal structure performance degrades more than CDM reference signal structure. This is probably due to the fact CDM reference signal structure is more robust against interference. 
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Figure 1. Block Error Rate Results in Single Cell Environment
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Figure 2. Block Error Rate Results in Two Cell Environment

4. Conclusions

From the BLER performance perspective there seems to be no clear winner between FDM and CDM reference signal structure. It seems that CDM has slight gains and advantages over FDM when there is single dominant interfere. In addition to this performance comparison, other aspects relating actual implementation should be considered in deciding between FDM and CDM. Our preference is CDM for reference signal multiplexing method since we believe it can provide more number of reference signal sequences to support transmissions from multiple UEs.
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