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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 subframe. 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. 
At the last June LTE Adhoc meeting in Cannes, we have submitted a document on this issue [1] and it is updated with additional results. In this document, we investigated appropriate number of scheduled UEs in one subframe with respect to the sector throughput performance. 
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. The simulation environments are introduced in this section.
·  Frequency-Selective Scheduling 
In [2], a scheduling algorithm is proposed to limit the number of simultaneously scheduled UEs in a same subframe. The scheduler employs a searching-and-delete algorithm iteratively to reduce the number of scheduled UEs. In this paper, a modified version of that scheduling algorithm is used to reduce the scheduling complexity of the searching-and-choosing rule, which is described as follows.
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is a priority metric for UE k of n-th RB at time i, the scheduler selects preliminarily the best UE 
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 for n-th RB at time i, that has maximum priority value, that is, 
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. The number of scheduled UEs is constrained to be no larger than 
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 denotes the size of a set. To satisfy this constraint, the scheduler chooses the best Q UEs that have largest summation of the priority metric for scheduled RB, which can be represented by
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among Q UEs for each RB.
· 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
	5MHz / 10MHz

	Channel model
	Typical Urban (TU)

	Traffic model 
	Full Buffered model

	Hybrid ARQ
	Chase combining

	Number of antennas
	1 Tx antenna, 2 Rx antennas

	Node B Tx Power
	43 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

	Number of UE per Sector
	20 (5MHz system) / 40 (10MHz system)


3. Simulation Results
As shown in Table 3 and 4, sector throughput performance is investigated according to the restriction on the number of simultaneously scheduled UEs for 5MHz bandwidth and 10MHz bandwidth, respectively. Number of UEs per sector is assumed to be 20 for 5MHz bandwidth and 40 for 10MHz bandwidth. 25 sub-carriers for one RB and 0.5ms TTI are assumed. Maximum number of simultaneously scheduled UEs is up to 12for 5MHz system and 24 for 10MHz system. 

According to the results in Table 3, the loss in the sector throughput by the restriction of maximum 4 UEs of simultaneous scheduling is less than 10 % compared with the case of without restriction. By the restriction of maximum 8 UEs scheduled simultaneously, the throughput loss is less than 1 %. The sector throughput loss by limiting the number of scheduled UEs in a subframe to 12 for 10MHz system is also less than 1 % as shown in Table 4.  
In Figure 1 and 2, normalized user throughputs corresponding to the scheduling restrictions are shown for narrow bandwidth and wide bandwidth systems, respectively. In these figures, ‘NmaxUE’ denotes maximum number of simultaneously scheduled UEs per subframe. As can be seen in these figures, the fairness doesn’t degrade that much until the restriction on the maximum number of simultaneously scheduled UEs reduces up to 8 for 5MHz and 12 for 10MHz at which throughput losses are within 1%.
It should be also noted that, the signaling overhead of downlink scheduling command is not considered in this simulation. If we take the signaling overhead into account, the throughput losses due to the restriction on the simultaneous scheduling are expected to decrease further.

4. Conclusions

In this paper, we showed the throughput performances of the E-UTRA downlink system according to the restriction on the maximum number of UEs scheduled simultaneously in a subframe. As in [3], sector throughput and 5%-tile UE throughput loss is negligible if we limit the maximum scheduled number of UEs per TTI. According to the results, the sector throughput losses with maximum 8 simultaneously scheduled UEs for 5MHz system and 12 UEs for 10MHz system are less than 1 %. The loss will decrease further if we consider the signaling overhead due to the downlink scheduling commands. Therefore, the number of simultaneously scheduled UEs can be restricted about 8 in a 5 MHz bandwidth and about 12 in a 10MHz bandwidth to reduce the downlink signaling overhead without significant throughput loss in downlink.
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Table 3 Sector throughput performance according to the constraint of the number of scheduled UEs per subframe (5MHz, Number of UE per sector = 20 )

	Maximum number of scheduled UEs per subframe
	Sector Throughput (Kbps)
	Fractional throughput loss

	2
	6544 
	17.58%

	4
	7410 
	6.66%

	6
	7736 
	2.56%

	8
	7888 
	0.64%

	10
	7936 
	0.04%

	12 

(w/o Limitation on NmaxUE)
	7939 
	0.00%


Table 4 Sector throughput performance according to the constraint of the number of scheduled UEs per subframe (10MHz, Number of UE per sector = 40 )

	Maximum number of scheduled UEs per subframe
	Sector Throughput (Kbps)
	Fractional throughput loss

	2
	12001 
	23.30%

	6
	14717 
	5.95%

	8
	15133 
	3.29%

	12
	15517 
	0.84%

	16
	15643 
	0.03%

	20
	15645 
	0.02%

	24
(w/o Limitation on NmaxUE)
	15648 
	0
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Figure 1 Normalized user throughput according to the constraint of the number of scheduled UEs per subframe (5MHz, Number of UE per sector = 20 )
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Figure 2 Normalized user throughput according to the constraint of the number of scheduled UEs per subframe (10MHz, Number of UE per sector = 40 )
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