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1 Introduction

In the previous RAN1 #46 meeting, resource block size has been agreed as 12 sub-carriers. It means that NodeB would be able to schedule 50 resource blocks to the different users in 10MHz. However, same allocation unit with a basic resource block might not be desirable in frequency selective scheduling point of view since it will require very fine channel quality measurement resolution. Thus, in this document, we investigate the impact of a different allocation unit in cell throughput performance when frequency selective scheduling is applied.  
2 Simulation methodology
2.1 Simulation set-up
Simulation parameters and simulation test case sets are described in Annex A1 and A2 respectively. Modulation and coding schemes used are shown in table A3. Transmit power of cell edge UEs may be insufficient especially in large ISD case. Thus, in addition to basic MCS level, repetition at the lowest MCS level is included. For a link-to-system interface, we use the ESM method, which has been presented in [1] and to take into account the degradation due to non-ideal channel estimation, channel estimation loss is modelled based on [2]. Interference from the UEs to which the cell is not the serving cell is estimated as the frequency selective noise based on the actual transmission.
2.2 Scheduling and link adaptation

For the efficient scheduling, we assume that NodeB allocate an allocation unit to a certain UE based on the buffer status and the uplink channel quality. If whole frequency resource is divided into multiple allocation units, NodeB can allocate multiple allocation units to one UE. To maintain the single carrier characteristic, NodeB allocates the consecutive allocation unit. 
For the channel sensitive scheduling, we assume that the CQ pilot is used for uplink channel quality measurement. The pilot transmit power is controlled by slow closed-loop power control. The periodicity of CQ pilot transmission is 5ms. 

And corresponding transmission procedure is described as following.

· UE reports power headroom with a certain period, e.g. the power control period. 

· At a given time instance, Node B selects UEs that is allowed to transmit data and the number of allocation units for each UEs, and decides a proper MCS level based on the power headroom information. 

· UE transmits data using the commanded MCS level with the pre-defined traffic to pilot ratio as a function of the MCS level.
3 System performance results

In this section, the system performance results with the LTE test scenario Case 1 and Case 3 are presented. The number of UEs in a sector is 50. The number of scheduled users in TTI is limited as 8 considering control signalling overhead for the scheduling assignment.
In Table 1 and Table 2, the cell throughput results are summarized for a different allocation size in Case 1and Case 3 respectively. As the allocation unit becomes smaller, improved cell throughput performance can be observed but some details are different as follows.
· In Case 1, about 9% improved cell throughput gain is observed as the allocation unit is reduced down to 180kHz. Regarding IoT level, we can observe that a smaller allocation unit makes IoT level more stable.
· In Case 3, about 50% improved cell throughput gain is observed as the allocation unit is reduced down to 180kHz. Unlike Case1, Case 3 is a power limited situation due to the high path loss. It means that the data rate is limited due to the transmit power level. If NodeB allocate a small allocation unit, power limitation can be mitigated since the available transmission power per sub-carrier is increased. This is reason for the larger gain compared to Case1. In addition, the increased transmit power per sub-carrier results in higher IoT in power limited situation. 
· In both cases, cell throughput performance gain is saturated if the allocation unit gets smaller than 1MHz.

	Allocation unit size

[MHz]
	# of consecutive RBs in one allocation unit
	Cell throughput

[kbps]
	Gain w.r.t * [%]
	IoT [dB]

	8.64 (*)
	48
	6257 
	-　
	5.1 

	4.32 
	24
	6495 
	3.8 
	4.6 

	2.16 
	12
	6670 
	6.6 
	4.2 

	1.08 
	6
	6774 
	8.3 
	4.0 

	0.54 
	3
	6819 
	9.0 
	3.8 

	0.18 
	1
	6811 
	8.9 
	3.7 


Table 1. System performance with a different allocation unit in Case1
	Allocation unit size
[MHz]
	# of consecutive RBs in one allocation unit
	Cell throughput

[kbps]
	Gain w.r.t * [%]
	IoT [dB]

	8.64 (*)
	48
	4055
	-　
	1.8

	4.32 
	24
	5042 
	24.4 
	3.1 

	2.16 
	12
	5805 
	43.2 
	3.8 

	1.08 
	6
	6114 
	50.8 
	4.2 

	0.54 
	3
	6258 
	54.3 
	4.4 

	0.18 
	1
	6205 
	53.0 
	4.4 


Table 2. System performance with a different allocation unit in Case3

4 Conclusion

In this contribution, we presented the cell throughput performance with a different resource allocation unit when the frequency selective scheduling is applied. The simulation results show that supporting the frequency selective scheduling with the granularity of one RB, i.e. 180kHz, does not provide incremental gain. 

Taking into account the performance results and the uplink overhead required to support the uplink channel quality measurement, it is recommended to define the minimum resolution of the frequency selective scheduling to be a multiple of a RB, e.g. 1.08MHz.
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Annex A. simulation parameters
	Parameter
	Assumption

	Bandwidth
	10 MHz

	TTI length
	1 msec

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

	Inter- site distance
	Depending on test case

	Minimum distance between UE and cell site
	35 m

	Antenna pattern
	70-degree sectored beam

	Distance dependent path loss
	128.1 + 37.6log10(r)

	UE transmission power
	21 dBm 

	Shadowing standard deviation
	8 dB

	Shadowing correlation between cells/sectors
	0.5 / 1.0

	Multipath delay profile
	6-path GSM Typical Urban

	UE speed
	3 km/h (fD = 5.55 Hz)

	Number of receiver antennas
	2

	Multipath interference
	Ideal suppression

	Traffic model
	Full buffer model

	# of UE per sector
	50

	# of SCCH for uplink assignment
	8

	# of useful subcarriers per OFDM symbol
	576


Table A1.  Basic simulation parameters
	Simulation
	CF
	ISD
	BW
	PLoss
	Speed

	Cases
	(GHz)
	(meters)
	(MHz)
	(dB)
	(km/h)

	1
	2.0
	500
	10
	20
	3

	3
	2.0
	1732
	10
	20
	3


Table A2.  Simulation test case sets
	Modulation
	Code Rate
	Repetition Factor

	QPSK
	1/3
	256

	
	1/3
	128

	
	1/3
	64

	
	1/3
	32

	
	1/3
	16

	
	1/3
	8

	
	1/3
	4

	
	1/3
	2

	
	1/3
	1

	
	1/2
	1

	
	2/3
	1

	
	3/4
	1

	
	4/5
	1

	16 QAM
	1/3
	1

	
	1/2
	1

	
	2/3
	1

	
	3/4
	1

	
	4/5
	1


Table A3. Modulation and coding scheme












