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     1. Introduction
In this document, we study the effect of increasing the sub-frame length to one millisecond on the uplink performance.  The one millisecond sub-frame provides flexible pilot allocations in the time domain that can reduce the overhead in the system.  This overhead reduction can result in higher spectral efficiencies.
     2. 1ms Sub-Frame Structure
The performance of the system is studied under the following scenario.

	Case
	(GHz)
	(meters)
	(MHz)
	Penetration Loss(dB)
	(km/h)

	1
	2.0
	500
	10
	20
	3


The numerology used in this paper is consistent with that of the TR[1] with the exception of the TTI length.  The frame format used is illustrated below. 

[image: image1]
Figure 1. Uplink SC-FDMA Sub-frame format with three long pilot blocks per sub-frame.
The simulation assumptions are as follows:
LB Samples(FFT Size) = 1024
CP samples = 64
Bandwidth = 10MHz

1 Transmit, 2 receive antennas

One turbo code block per sub-frame
Pilot Channel-  Described in text

Pilot power boost-  0dB

Code rate=  variable AMC
Channel conditions = GSM Typical Urban  3 kmph.
Overhead=  21% for low-speed.
     2.1.  FDM Long-Block Pilot Format and Data Multiplexing
The pilot format is such that the fourth and eleventh long blocks are pilot symbols.  Because the pilots are FDM, low speed users drop the middle pilot symbol and use it for data.  GCL/CAZAC sequences were used for the pilots[2],[3].  
     2.1.1.  Localized Mode:

In localized mode, non-MIMO, every pilot position within the bandwidth of the data allocation is occupied with a pilot.  So the data allocation is in complete spectral agreement with the pilot allocation as illustrated in Figure 2.
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Figure 2.  Localized Pilots and Data

3.  System Simulation Assumptions

Method of Interference Avoidance

In this method the cell edge users of each sector are assigned a re-use pattern 1/3 and the cell center users are assigned a re-use factor of 1 (i.e the full spectrum).  Adjacent cell/sectors at the cell edge will be assigned non overlapping frequency bands.  Channel dependent scheduling (proportional fair) is done but the cell edge users are only allowed to schedule in allocated 1/3 of the spectrum.  Cell geometry was used to identify the cell edge users. The cell lay out is shown in Figure 1.

Power control : Traditional slow power control with a fixed power control threshold

Spectrum allocation for the cell edge 
Figure 1 : Cell layout
Table 1.  Simulation conditions

	Parameter
	Assumption

	SC-FDMA Receiver
	SC-FDMA with 2 Rx antenna Diversity

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

	Inter-site distance (ISD)
	500m

	Distance-dependent path loss
	L=I + 37.6log10(.R), R in kilometers

I=128.1 – 2GHz

	Lognormal Shadowing
	Similar to UMTS 30.03, B 1.41.4 

	Shadowing standard deviation
	8 dB

	Shadowing correlation
	Between cells
	0.5

	
	Between sectors
	1.0

	Penetration Loss  
	20dB

	Channel model
	Typical Urban (TU)

	Antenna pattern (horizontal)

(For 3-sector cell sites with fixed antenna patterns)
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	Antenna Bore-sight points toward flat side of cell (for 3-sector sites with fixed antenna patterns)
	


	BS Antenna Gain plus cable loss
	14 dBi

	Carrier Frequency
	0.9GHz, 2.0GHz [See Table 1]

	Bandwidth
	10 MHz

	RB bandwidth
	375 kHz

	UE’s per Sector
	20

	UE speeds of interest
	3 km/h

	Minimum distance between UE and cell
	>= 35 meters

	Maximum UE TX power including PAPR back-off
	24 dBm [2]

	UE Traffic
	Full Buffer

	Noise Figure
	5dB

	Slow Power Control
	ON (Target = 20dB)

	Coding
	Release 6 Turbo Coding

	HARQ
	Synchronous

	Channel-dependent scheduling
	Round robin

	CQI processing delay (AMC, Scheduling)
	Processing delay of 3 sub-frame

	Overhead Channels
	 3 symbol per sub-frame: 

Control, Feedback, Reference  symbols

	Data Channels 
	11 symbols per sub-frame

	Resource Block Carrier Allocation
	Localized


4. Results
The following table shows the cell average and cell edge throughputs for the four different interference avoidance methods.

Table 2.  Simulation results
	Interference avoidance 
Method #2
	Avg. user throughput (Bits/s/Hz)
	Cell Avg. throughput (Bits/s/Hz)
	Cell edge throughput(Bits/s/Hz)

	0.5ms TTI
	0.0472
	0.4675


	0.0169

	1ms TTI
	0.0541
	0.5125
	0.0237


 
     5.   Conclusions
The results have shown that the one millisecond TTI provides a significant throughput benefit in this scenario due to a reduction in the overhead of the system.  
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