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1. Introduction

Frequency-domain scheduling for E-UTRA can provide high system capacity by exploiting multi-user diversity and frequency selectivity, however there have been concerns on the amount of control signalling overhead to support frequency-domain scheduling. The amount of overhead is dependent on the number of simultaneously scheduled UEs per TTI. In general, as the number of scheduled UEs gets larger, the frequency-domain scheduling gain can be improved but the signaling overhead for the scheduling increases. 
In this contribution, system throughput performance is investigated according to the number of simultaneously scheduled UE in a sub-frame considering control signalling overhead 

2. Simulation Environments
System-level simulation is performed to investigate the effect of the restriction on the number of simultaneously scheduled UEs in downlink to the sector throughput considering control signalling overhead. The simulation environments are introduced in this section.
· Simulation parameters
Table 1 shows the MCS and the corresponding data rates used in the simulations. Major simulation parameters referring to TR25.814 for the system level simulation are following in Table 2. TU channel model is assumed and we investigated the system throughput for scenario 3 [4].
Table 1  MCS and data rates used
	Modulation
	Code Rate
	Data rate

[Mbps/MHz]

	QPSK
	1/3
	0.4

	
	1/2
	0.6

	
	2/3
	0.8

	
	3/4
	0.9

	
	4/5
	0.96

	16 QAM
	1/2
	1.22

	
	2/3
	1.60

	
	3/4
	1.80

	
	4/5
	1.92

	64 QAM
	2/3
	2.4

	
	3/4
	2.7

	
	4/5
	2.88


Table 2  General simulation environments
	Parameter
	Assumption

	Cellular Layout
	Hexagonal grid, 19 cell sites, 3 sectors per site

	Distance-dependent path loss
	128.1 + 37.6
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	Shadowing standard deviation
	8dB

	Shadowing correlation
	0.5 (between cells) / 1.0 (between sectors)

	System bandwidth
	10MHz

	Channel model
	Typical Urban (TU)

	Traffic model 
	Full Buffered model

	Hybrid ARQ
	IR

	Number of antennas
	1 Tx antenna, 2 Rx antennas

	Node B Tx Power
	46 dBm

	Node B antenna pattern 
	70-degree sectored beam

	UE antenna gain
	0 dBi

	Thermal noise density
	-174 dBm/Hz

	Link Mapping
	EESM

	Inter Site Distance
	1732 m

	Penetration Loss (dB)
	20

	UE speed
	3 Km/H


· MCS for control channel
In Table 3, control channel parameters are listed. Pilot channel overhead is considered 200 sub-carriers per sub-frame (1ms). Payload per control channel for a scheduling command to a UE is assumed 40 bits. Individual control channel transmission power is set to meet the required SNR. It is assumed that control channels are mapped to OFDM symbols from the first, data transmission can start at the same OFDM symbol as the control signalling ends.
Table 3 MCS for control channel
	
	Required Number of Sub-carriers
	Modulation
	Coding Rate
	Required SNR [dB]

	MCS1
	30
	QPSK
	2/3
	5.2

	MCS2
	60
	QPSK
	1/3
	1.0

	MCS3
	120
	QPSK
	1/6
	-2.0


3. Simulation Results
In Table 4, average sector throughput performance is shown according to the number of UEs per sector. Also, average number of scheduled UEs in a sub-frame and average number of OFDM symbols used for control channel are listed in table 4. As can be seen in Table 4, even though there are many active UEs per sector, all UEs are not likely to be scheduled simultaneously and number of used OFDM symbols for control channel is increasing as the number of UEs per sector is increasing. Average sector throughput is saturated and decreased after reaching at certain number of UEs. According to the Table 4, we can find out that as the number of scheduled UEs gets larger, the control channel amount also gets larger and consequently throughput is reduced. Hence, we examined system performance when the number of scheduled UEs in a sub-frame is limited as in [1].
Table 4 Throughput performance according to the number of UEs per sector
	Number of UEs per Sector
	Avg. Sector Throughput
(Kbps)
	Avg. number of scheduled UE in a  sub-frame
	Avg. number of OFDM symbols for control signal  

	4
	17872.932
	3.98
	0.61

	8
	19887.288
	7.71
	0.84

	12
	20236.069
	10.96
	1.05

	16
	20632.740
	13.75
	1.22

	20
	20788.919
	16.22
	1.37

	24
	20925.238
	18.37
	1.50

	30
	20647.502
	21.15
	1.67

	40
	20213.056
	25.00
	1.90

	50
	19460.247
	28.22
	2.09

	60
	18496.109
	30.84
	2.25


In Figure 1-3, throughput performance, average number of scheduled UEs in a sub-frame, and number of OFDM symbols used for control signalling are depicted respectively in accordance with the number of scheduled UEs in a sub-frame when the number of UEs per sector is 20, 30, 40. Sector throughput increases up to certain point and then decreases gradually as the number of allowed scheduled UEs increases. As the number of scheduled UEs gets increased, control signalling amount gets increased. It means if the number of simultaneously scheduled UEs is limited properly, higher sector throughput can be achieved than the case with no limitation on that. The increase is obtained by the reduced control overhead and if the number of allowed scheduled UEs is too small, i.e. 4, sector throughput is decreased because scheduler cannot fully exploit multi-user diversity gain.

As can be easily seen by the figure 1, throughput increases up to certain point and then decreases again as the number of scheduled UEs. The highest throughput number is achieved when the number of scheduled UEs is 12. It seems to be desirable that the number of simultaneously scheduled UEs is restricted to reduce downlink control signalling overhead and to maximize sector throughput. 
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Figure 1 Sector Throughput 
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Figure 2 Number of Scheduled UEs in a sub-frame
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Figure 3 Number of OFDM symbols for control signalling
4. Conclusions

In this paper, we showed the throughput performances of the E-UTRA downlink system according to the maximum number of simultaneously scheduled UEs in a sub-frame considering control signalling overhead. We believe that the number of simultaneously scheduled UEs should be restricted at a certain level at which control overhead is not that significant and system performance is maximized. Based on the simulation results in section 3, it should be 12 in E-UTRAN with 10MHz bandwidth under the simulation assumptions described in section 2.
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