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1. Introduction

Localized and distributed transmissions are considered for E-UTRA downlink OFDMA radio access. Distributed transmission is very effective in reducing the required received signal-to-interference plus noise power ratio (SINR) particularly in high mobility environments, where channel-dependent scheduling cannot track instantaneous fading variation. In [1], distributed transmission methods are categorized sophisticatedly. Further, reference [2] concluded that sub-carrier-level distributed transmission provided better packet error rate (PER) performance than resource block (RB)-level distributed transmission. As shown in [2] sub-carrier-level distributed transmission provides greater frequency diversity than RB-level distributed transmission. However, flexible mapping by sub-carrier-level distributed transmission brings about increasing control signaling bits to assign sub-carrier positions. Thus, from the viewpoint of small number of control signaling bits, RB-level distributed transmission is more promising than sub-carrier-level distributed transmission. Therefore, this paper presents the comparison between RB-level and sub-carrier-level distributed OFDMA transmissions in E-UTRA downlink. The approach of the paper differs from [2] in that we employ 2-branch antenna diversity reception at a UE and we compare from the viewpoints of PER and throughput performances. 

2. Distributed OFDMA Transmission
Distributed transmissions methods are categorized into 4 methods as shown in Fig. 1 [1]. In Fig. 1(a) and 1(c), the RBs including localized OFDMA transmission and those including distributed transmissions are multiplexed by time division multiplexing (TDM) and frequency division Multiplexing (FDM), respectively. In the paper, we focus on the comparison between sub-carrier-level distributed transmission in Fig. 1(b) and RB-level one in Fig. 1(d), assuming the same entire transmission bandwidth. In addition to the 2 methods, we also compared the performance for RB-level distributed transmission in Fig. 2, in which the number of RBs can be increased by N times compared to the original RB-level distributed transmission by dividing the length in one RB by 1/N. We call the method as RB-level distributed transmission with N-block division hereafter. In the method, large frequency diversity effect is gained according to the increase of N value. 
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Figure 1 – Distributed transmission methods [1]
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Figure 2 – RB-level distributed transmission with N-block division (N = 2 is assumed in this figure)
3. Simulation Conditions

Table 1 lists simulation parameters, which follow agreed parameters in [3]. The entire transmission bandwidth is assumed to be 10 MHz. Resource block bandwidth is set to 375 kHz. Further, we employ TDM-based pilot channel structure, in which pilot symbols are mapped at every other sub-carrier in the second OFDM symbol duration at each sub-frame. In the simulation, we assume ideal FFT timing detection, though channel estimation is conducted using linear interpolation of succeeding 2 TDM-based pilot channels in time domain. We employed 2-branch antenna diversity reception at a UE.  

Table 1 – Simulation parameters

	System bandwidth
	10 MHz

	Number of sub-carriers
	600

	Sub-carrier spacing
	15 kHz

	Occupied bandwidth
	9 MHz

	Chunk bandwidth
	375 kHz (24 chunks / 9 MHz)

	Symbol duration
	Useful data
	66.67 sec

	
	Guard interval
	4.75 sec

	Sub-frame length
	0.5 msec (7 OFDM symbols)

	Modulation scheme

and

Channel coding rate
	QPSK (R = 1/7, 1/3, 1/2, 3/4),
16QAM (R = 1/2, 3/4),

64QAM (R = 2/3, 3/4)

	Channel coding / decoding
	Turbo code (K = 4)

/ Max-Log-MAP decoding

(8 iterations)

	Receiver diversity
	2 branches


4. Simulation Results

We first compare the average PER performance using sub-carrier-level distributed transmission and RB-level distributed transmission in 6-ray TU and Vehicular-A channel model. Figure 3 shows the average PER performance as a function of the average received signal energy per symbol-to-noise power spectrum density ratio (Es/N0) per antenna with and without 2-branch antenna diversity reception. Data size is set to 120 bits employing QPSK modulation and channel coding rate of R = 1/2. Fading maximum Doppler frequency is set to 222.0 Hz presuming the high mobility of 120 km/h, where control loop of channel-dependent scheduling cannot track fading variation. It was presented in [2] that the required average received Es/N0 at the average PER of 10-2 using RB-level distributed transmission is degraded by approximately 6 dB compared to that of sub-carrier-level distributed transmission. Reference [2] used the same conditions as in Fig. 3 assuming Vehicular-A channel model without antenna diversity reception. We clearly find the results in Fig. 3 well agree with the results in [2]. It should be noted from Fig. 3 that although the large improvement employing sub-carrier-level distributed transmission from RB-level one is gained by approximately 6 dB (condition in [2]) without antenna diversity reception, it is decreased to approximately 3 dB with antenna diversity reception. Moreover, it is also seen that the difference between sub-carrier-level distributed transmission and RB-level one is almost identical both in 6-ray TU and Vehicular-A channel models.
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Figure 3 – Average PER performance using sub-carrier-level and RB-level distributed transmissions, and influence of antenna diversity reception


Then, we assume data size of 180 bits and 6-ray TU channel model along with the condition with antenna diversity reception in the subsequent evaluations. We compare the PER and throughput performance of sub-carrier-level distributed transmission, RB-level one, and RB-level one with frequency hopping (FH) using N-block division. Table 2 indicates the numbers of RBs in RB-level distributed transmission and RB-level distributed transmission with N-block division for respective MCSs from QPSK with coding rate of R = 1/7 to 64QAM with R = 3/4. In the case of RB-level distributed transmission with N-block division, FH is applied among assigned RBs. Thus, according to the increase of assigned RBs, the frequency diversity effect becomes greater. 


Figures 4(a) and 4(b) show the average PER performance as a function of the average received Es/N0 per antenna with fD = 55.5 Hz (30 km/h) and 222.0 Hz (120 km/h), respectively. First, we see from Fig. 4(a) in low mobility that the required average received Es/N0 at the average PER of 10-2 using RB-level distributed transmission is degraded by approximately 2 dB, 3 dB and 5 dB for QPSK, 16QAM and 64QAM modulation, respectively, compared to that of sub-carrier-level ones. The degradation of RB-level distributed transmission is suppressed into small extent by space diversity effect of 2-branch antenna diversity reception even for only 1 RB allocation in 16QAM modulation. Figure 5 illustrates the one shot of channel variation in frequency domain, i.e., received signal power level averaged over one RB duration (= 375 kHz) after maximal ratio combining along with each receiver antenna. The averaged signal power over the entire transmission bandwidth (= 9 MHz) is also given in the figure. Clearly, by employing 2-branch antenna diversity, the received signal power at each RB is significantly increased and that the fluctuation of the received signal power is decreased. Further, we clearly find that the degradation in the required average received Es/N0 using RB-level distributed transmission with N-block division from sub-carrier-level one is only less than approximately 2 dB. This result indicates that high frequency diversity effect is gained when RB is divided only into further 2 and 3 blocks assuming FH and antenna diversity reception. The same tendency is observed in high mobility environment of Fig. 4(b). 

Table 2 – Numbers of RBs in RB-level distributed transmission and RB-level distributed transmission with N-block division, data size of 180 bits
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(a) fD = 55.5 Hz (30 km/h)
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(b) fD = 222.0 Hz (120 km/h)

Figures 4 – Comparisons on PER performance using sub-carrier-level and RB-level distributed transmissions, data size of 180 bits
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Figure 5 – Fluctuation of the received signal power in frequency domain


Figures 6(a) and (b) show the throughput performance using the 3 distributed transmission methods as same as in Figs. 4 for fD = 55.5 and 222.0 Hz, respectively, as a function of the average received Es/N0 per antenna. Comparing to PER performance, we see that the difference between sub-carrier-level distributed transmission and RB-level one is small. More specifically, the loss in the required average received Es/N0 employing RB-level distributed transmission from sub-carrier-level one is within approximately 2 dB even with 64QAM modulation. Moreover, we see that by applying N-block division (N is 2 and 3) to RB-level distributed transmission, the degradation from sub-carrier-level distributed transmission is further suppresses to only within 1 dB. Therefore, we conclude the difference between sub-carrier-level distributed transmission and RB-level one with N-block division associated with FH is small (N is 2 or 3 at most) from the viewpoint of throughput with antenna diversity reception at a UE.
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(a) fD = 55.5 Hz (30 km/h)
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(b) fD = 222.0 Hz (120 km/h)

Figures 6 – Comparisons on throughputs using sub-carrier-level and RB-level distributed transmissions, data size of 180 bits

We also compared the PER and throughput assuming data size of 360 bits. Table 3 lists the number of RBs in RB-level distributed transmission and RB-level distributed transmission with N-block division for respective MCSs. Figures 7(a) and (b) show the average PER performance using the 3 distributed transmission methods as a function of the average received Es/N0 per antenna with fD = 55.5  and 222.0 Hz, respectively. Figures 8(a) and (b) show the corresponding throughput performance as same as in Figs. 7 for fD = 55.5 and 222.0 Hz, respectively.  Comparing to the case of data size of 180 bits in Figs. 4 and 6, the increasing data size is more advantageous to RB-level distributed transmission, since the number of RBs assigned is increased.  We see from Figs. 8 that the almost same throughput is achieved between sub-carrier-level distributed transmission and RB-level one with N-block division (N = 2 or 3) in QPSK and 16QAM modulation. Further, it is seen that the loss of RB-level distributed transmission with N-block division from sub-carrier-level one is only within 1 dB. 

Table 3 – Numbers of RBs in RB-level distributed transmission and RB-level distributed transmission with N-block division, data size of 360 bits
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(a) fD = 55.5 Hz (30 km/h)
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(b) fD = 222.0 Hz (120 km/h)

Figures 7 – Comparisons on PER performance using sub-carrier-level and RB-level distributed transmissions, data size of 360 bits
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(a) fD = 55.5 Hz (30 km/h)

[image: image15.emf]Average received E

s

/N

0

per branch (dB)

0

1

2

3

4

5

-10 -5 0 5 10 15 20 25 30

Frequency efficiency (bit/sec/Hz)

Data size = 360 bits

f

D

= 222.0 Hz (120 km/h)

RB-level

distributed

N= 2

= 3

RB-level distributed

with N-block division

Sub-carrier-level 

distributed

= 5

16QAM

R= 3/4

16QAM

R= 1/2

QPSK

R= 3/4

QPSK

R= 1/2

QPSK

R= 1/7

QPSK

R= 1/3

64QAM

R= 2/3

64QAM

R= 3/4

6-ray TU

With antenna diversity

Average received E

s

/N

0

per branch (dB)

0

1

2

3

4

5

-10 -5 0 5 10 15 20 25 30

Frequency efficiency (bit/sec/Hz)

Data size = 360 bits

f

D

= 222.0 Hz (120 km/h)

RB-level

distributed

N= 2

= 3

RB-level distributed

with N-block division

Sub-carrier-level 

distributed

= 5

16QAM

R= 3/4

16QAM

R= 1/2

QPSK

R= 3/4

QPSK

R= 1/2

QPSK

R= 1/7

QPSK

R= 1/3

64QAM

R= 2/3

64QAM

R= 3/4

6-ray TU

With antenna diversity


(b) fD = 222.0 Hz (120 km/h)

Figures 8 – Comparisons on throughputs using sub-carrier-level and RB-level distributed transmissions, data size of 360 bits

5. Conclusion

In this paper, the RB-level distributed transmission is compared to sub-carrier-level distributed transmission from the viewpoints of achievable PER and throughput performances. We elucidated that the RB-level distributed transmission with two or three-block division in time domain within the sub-frame can achieve quite comparable throughput performance. Further, RB-level distributed transmission with N-block division achieves more flexible resource allocation for the mixture of distributed and localized transmission using uniform manner and requires less signaling overhead for indicating the resource allocation compared to the sub-carrier-level distributed transmission. Therefore, RB-level distributed transmission with N-block division should be further investigated as a promising candidate for multiplexing method of multiple shared data channels in E-UTRA downlink.
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