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Introduction
In last meetings, the effect of limiting number of simultaneously scheduled UEs in downlink is shown in terms of system throughput, in order to lessen the signalling overhead for scheduling [3]. 
Similarly, this contribution shows the statistics of the number of UEs scheduled with new packet transmission per sub-frame, and the system performance according to the limitation on the number of uplink grant messages.

Simulation results
· Simulation environment

System-level simulation is performed to investigate the effect of limiting the number of uplink scheduling grants transmitted through L1/L2 control channel, where the number of scheduling grants means the number of newly scheduled UEs due to synchronous HARQ property. Basic parameters used in simulation are described in Table 2.
· Scheduling and Resource allocation

The scheduling method used in simulation is based on proportionally fair algorithm which is proposed in [2]. However, a slight modification is applied to introduce limitation on the number of uplink scheduling grants while keeping the single-carrier transmission characteristics. That is, if there are remaining resources after tentative scheduling of all the retransmissions and new transmissions under the limited scheduling grants, resource allocation to the tentatively scheduled new transmissions is extended to fill up the remaining resources.

· Simulation results

In the simulation, we assumed a scheduler allocates uplink resources by a ‘resource unit (RU)’ basis, and  we considered the cases that a RU consists of 1, 2, 3, 4 and 6 RBs. Table 2 shows the simulation results as a function of the RU size and the allowed number of scheduling grants. As can be seen in Table 2, in case of 48 resource units (1RU= 1RB), it is reasonable to set the allowed number of scheduling grants around 16, on the condition that the sector throughput loss should be less than 10% of the throughput achievable without limitation on the scheduling grants. However, when the scheduler allocates the multiple resource blocks as a basic scheduling unit, the allowed number of scheduling grants could be reduced further. For example, 4-RB based scheduling can reduce the maximum number of scheduling grants up to 8 with throughput loss less than 10%.
Actual distribution of number of scheduled UEs for each case is shown in the Appendix B.

Table 1. Sector throughput comparison according to the limitation on the number of scheduling grants
	# of RU
	Limited number of Grant
	Sct Tput
	Ratio
	5% UE Tput
	IOT

	48

(1RU=1RB)
	w/o limit
	1.119
	1.00
	0.019
	4.300

	
	24
	1.119 
	1.00 
	0.018 
	4.307 

	
	20
	1.089 
	0.97 
	0.019 
	4.284 

	
	16
	1.031 
	0.92 
	0.019 
	4.328 

	
	12
	0.953 
	0.85 
	0.018 
	4.267 

	
	8
	0.872 
	0.78 
	0.017 
	4.339 

	
	4
	0.721 
	0.64 
	0.015 
	4.305 

	24
(1RU=2RBs)
	24
	1.169 
	1.04 
	0.020 
	4.284 

	
	20
	1.168 
	1.04 
	0.018 
	4.284 

	
	16
	1.143 
	1.02 
	0.020 
	4.279 

	
	12
	1.058 
	0.95 
	0.019 
	4.311 

	
	8
	0.943 
	0.84 
	0.017 
	4.267 

	
	4
	0.818 
	0.73 
	0.015 
	4.296 

	16
(1RU=3RBs)
	16
	1.120 
	1.00 
	0.020 
	4.296 

	
	12
	1.106 
	0.99 
	0.017 
	4.296 

	
	8
	0.997 
	0.89 
	0.018 
	4.291 

	
	4
	0.847 
	0.76 
	0.015 
	4.274 

	12
(1RU=4RBs)
	12
	1.086 
	0.97 
	0.019 
	4.267 

	
	8
	1.030 
	0.92 
	0.017 
	4.279 

	
	4
	0.865 
	0.77 
	0.015 
	4.274 

	8
(1RU=6RBs)
	8
	1.030 
	0.92 
	0.016 
	4.275 

	
	6
	0.994 
	0.89 
	0.016 
	4.237 

	
	4
	0.899 
	0.80 
	0.016 
	4.265 


Conclusion
In this contribution, the statistics of the number of scheduling grants and the effect of limiting the number of scheduling grants are shown through the system simulation. According to the simulation results, it seems to be reasonable that the number of scheduling grants is limited to around 12for low downlink signaling overhead. However, considering the existence of small packet according to the traffic model, the larger number of grant message may be necessary for efficient resource utilization.
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Appendix A. Basic simulation parameters
Table 2. Basic simulation parameters and assumptions [1]

	Parameter
	Values

	Bandwidth
	10 MHz

	Sub-frame length
	1.0  ms

	Cell layout
	Hexagonal grid, 19 cell sites, 3 sectors per site

	Inter- site distance
	500 m

	Minimum distance between UE and cell site
	35 m

	Antenna pattern
	70-degree sectored beam

	Distance dependent path loss
	128.1 + 37.6log10(r)

	Maximum UE transmission power
	24 dBm (250 mW)

	Penetration loss
	20 dB

	Thermal Noise Density
	-164 dBm/Hz

	Receiver Antenna Gain
	14 dBi

	Shadowing standard deviation
	8 dB

	Shadowing correlation between cells/sectors
	0.5 / 1.0

	Multipath delay profile
	TU channel

	UE speed
	3 km/hr

	Number of receiver antennas
	2

	Number of UEs per cell
	30

	HARQ type
	Synchronous & Non-adaptive (Chase combining)

	Control (scheduling) delay
	4 sub-frames (2.0 ms)

	Number of HARQ processes
	6 channels


Appendix B. Distribution on the number of newly scheduled UE
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Figure 1. Distribution on the number of newly scheduled UEs (# of RU = 48)
[image: image2.emf]0.0

2.0

4.0

6.0

8.0

10.

12.

14.

16.

18.

20.

22.

24.

4

8

12

16

20

24

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

Probability

# of Newly Scheduled UE

Limited Number of Grant

Distribution of Newly Scheduled UE


Figure 2. Distribution on the number of newly scheduled UEs (# of RU = 24)
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Figure 3. Distribution on the number of newly scheduled UEs (# of RU = 16)
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Figure 4. Distribution on the number of newly scheduled UEs (# of RU = 12)
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Figure 5. Distribution on the number of newly scheduled UEs (# of RU = 8)







