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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. 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 other words, excessive control signalling overhead results in throughput performance degradation. 
In this contribution, we investigate downlink control channel overhead and its impact on system throughput performance. This contribution is a revised one from the previously submitted document [2], updating simulation configurations. 
2. Simulation Environments
It was decided in RAN1 #47 that downlink control signalling is located in the first n OFDM symbols with n ( 3 and the earliest data transmission in downlink can start at the same OFDM symbol as the control signalling ends. Assuming that the amount of control signalling for downlink scheduling and uplink scheduling is even, resource for downlink control signalling are at most 1.5 OFDM symbols considering 3 OFDM symbols for downlink control signalling. Hence, we study the amount of downlink control signalling to support downlink scheduling and the throughput performance when we put a restriction on the amount of the downlink scheduling control. 
Regarding control channel design, the followings are agreed [3].

· One mother code rate, 1/3 is used, and higher/lower rates generated through rate matching

· CCE size should be multiples of 6 
· One CCE spans all n ( ( 3 ) OFDM symbols used for control signalling
· 1, 2, 4, 8 CCEs aggregated, resulting in code rates of approx 2/3, 1/3, 1/6, 1/12

· Approximately 40 bits (including CRC) payload size in 5 MHz (non-MIMO)

In this contribution, we assume basic CCE size to be 30 REs in 10 MHz with coding rate 2/3, CCEs used in the simulation is 1, 2 and 4 aggregation of basic CCE with coding rate 2/3, 1/3 and 1/6. For the convenience, we call the amount of resource elements for one 2/3 code CCE as ‘CCE unit’. System-level simulation is performed with allowable number of CCE unit is restricted to 30, 20 and 15 (corresponding to 1.5, 1 and 0.75 OFDM symbols respectively, without DL RS or any other control parts considered) in 10 MHz systems. 
The algorithm that we set on the restriction on the number of CCE unit is as follows. Scheduler selects best metric UE by PF algorithm for each RBs and compute the number of CCE unit to support the selected UEs to transmit downlink data. If the number of CCE unit exceeds the allowable number of CCE unit, scheduler removes a UE whose PF metric over the whole bandwidth is the smallest among the selected UEs. Next, repeat the previous operation again until the number of CCE unit is within the allowance. 
Major simulation parameters referring to TR25.814 for the system level simulation are summarized in Table 7 in appendix. TU channel model is assumed and we investigated the system throughput for scenario 3 [1]. On the CQI reporting scheme, it is reported every 5ms with 3ms delay, CQI bin bandwidth is 2RBs and measurement error is modelled as log-normal distribution with 1dB standard deviation. Target FER for both control and data is set to be 10 % with outer target control loop. Table 3 in appendix shows the MCS and the corresponding data rates used in the simulations. 
· MCS for control channel
Control channel is modulated and coded semi-statically according to the geometry of each UE and the parameters are listed in the Table 1. Details of MCS selection rule for control channel is described in [4].

Payload per control channel for a scheduling command to a UE is assumed as 40 bits. It is assumed that control channels are mapped from the first OFDM symbol, and data transmission can start at the same OFDM symbol as the control signalling ends.
Table 1 MCS for control channel
	
	Required Number of REs
	Modulation
	Coding Rate

	MCS1
	30 (1 CCE unit )
	QPSK
	2/3

	MCS2
	60 (2 CCE units aggregation)
	QPSK
	1/3

	MCS3
	120 (4 CCE units aggregation)
	QPSK
	1/6

	MCS4
	240 (8 CCE units aggregation)
	QPSK
	1/12


3. Simulation Results
System level simulations have been performed when the maximum number of CCE units is restricted to 30, 20, 15 and no restriction. The number of UEs per cell is varied from 10 to 40. The corresponding throughput performance, the number of OFDM symbols for downlink control signalling for downlink scheduling, average number of scheduled UEs and 5%-tile UE throughput are shown in the Table 2, 3, 4 and 5, respectively.
As shown in the tables, the control signalling overhead costs the system throughput performance. As the number of UEs gets larger, the number of simultaneously scheduled UEs gets larger and consequently, the amount of the control signalling overhead increases resulting in the reduction of cell throughput. 
Regulating the amount of resource for control signalling, throughput performance increases a little bit, as shown in table 2. It is because of the reduction of the amount for control signalling which is easily seen in table 3. Average cell throughput performance is improved as the amount of resource for control signalling decreases, while 5%-tile UE throughput performance degrades, as shown in table 5. 
Appropriate limitation on the maximum number of CCE units can achieve good cell throughput without much degradation in 5-percentile UE throughput as shown in Table 2 and 5. According to those results, reasonable system throughput can be obtained with the restriction on the amount of available control channel resource, under the full buffer traffic model and control channel design assumption of table 1. 

Table 2  Average cell throughput (Kbps) and its throughput gain obtained by restriction on number of allowable CCE units ( which is normalized by the throughput of w/o limitation)
	UEs/Cell
	10 UEs
	20 UEs
	30 UEs
	40 UEs

	　
	throughput
(Kbps)
	throughput gain
	throughput
(Kbps)
	throughput gain
	throughput
(Kbps)
	throughput gain
	throughput
(Kbps)
	throughput gain

	w/o limitation
	17261.96
	1.000 
	17296.04
	1.000 
	17134.56
	1.000 
	17024.44
	1.000 

	30 CCE units
	17264.16
	1.000 
	17332.25
	1.002 
	17183.08
	1.003 
	17095.7
	1.004 

	20 CCE units
	17289.37
	1.002 
	17444.95
	1.009 
	17450.83
	1.018 
	17455.5
	1.025 

	15 CCE units
	17284.33
	1.001 
	17376.56
	1.005 
	17501.21
	1.021 
	17410.49
	1.023 


Table 3  Number of OFDM symbols for downlink control signaling
	
	10 UEs
	20 UEs
	30 UEs
	40 UEs

	w/o limitation
	0.96
	1.29
	1.46
	1.57

	30 CCE units
	0.95
	1.26
	1.42
	1.53

	20 CCE units
	0.94
	1.17
	1.27
	1.29

	15 CCE units
	0.91
	1.01
	1.04
	1.04


Table 4  Average number of simultaneously scheduled UEs
	
	10 UEs
	20 UEs
	30 UEs
	40 UEs

	w/o limitation
	8.59
	13.11
	15.72
	17.45

	30 CCE units
	8.58
	13.03
	15.64
	17.29

	20 CCE units
	8.53
	12.46
	14.40
	15.07

	15 CCE units
	8.34
	10.72
	11.58
	11.69


Table 5  5 %-tile UE throughput and its throughput gain obtained by restriction on number of allowable CCE units (which is normalized by the throughput of w/o limitation)
	UEs/Cell
	10 UEs
	20 UEs
	30 UEs
	40 UEs

	　
	throughput
(Kbps)
	throughput gain
	throughput
(Kbps)
	throughput gain
	throughput
(Kbps)
	throughput gain
	throughput
(Kbps)
	throughput gain

	w/o limitation
	612.8408
	1.000 
	298.1453
	1.000 
	207.5483
	1.000 
	157.9411
	1.000 

	30 CCE units
	610.8084
	0.997 
	298.8829
	1.002 
	208.5117
	1.005 
	157.8763
	1.000 

	20 CCE units
	609.2709
	0.994 
	293.4991
	0.984 
	203.385
	0.980 
	151.1039
	0.957 

	15 CCE units
	610.6715
	0.996 
	238.4649
	0.800 
	185.8955
	0.896 
	136.8192
	0.866 


4. Conclusions

In this paper, we showed the throughput performances of the E-UTRA downlink system according to the available number of CCE units for downlink scheduling. It is shown that efficient system operation is possible under the restriction on the time-frequency resource available for downlink scheduling assignments. 
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Appendix : Simulation Parameters
Table 6  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 7  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 x 2 (DL RS overhead assumed 2Tx antenna )

	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
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