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1
Introduction

UMTS FDD has been defined for 5MHz channel bandwidth deployments using a chip rate of 3.84 Mcps. However, in many cases the available frequency resources owned by operators worldwide cannot accommodate a 5MHz UMTS FDD. In particular, suboptimal spectrum usage may arise when the available contiguous spectrum is less than 5 MHz or not a multiple of 5MHz; especially for scenarios where frequency resources become available from displaced/re-farmed legacy systems.
To allow a more efficient spectrum allocation and usage for UMTS FDD, a suitable option would be to define a more flexible channel bandwidth, in particular allowing smaller carrier bandwidth values. A reduction in bandwidth will enable UMTS FDD in all those constrained spectrum scenarios where only portions of 5MHz bandwidth are available, either as multi-carrier UMTS FDD or as a standalone single-carrier UMTS FDD.
A few deployment scenarios where flexible bandwidth usage of UMTS FDD could apply are described in [1].
In this contribution, we present a candidate solution for flexible bandwidth usage of UMTS FDD referred to as Fractional UMTS. Furthermore, preliminary link analysis is provided for both HSDPA and HSUPA using F-UMTS in 2.5 MHz, 1.25 MHz and 0.6125 MHz bandwidths.

2
Concept of Fractional UMTS
The concept of Fractional UMTS (F-UMTS) is very simple. It is based on applying a fractional waveform to spectrum in which a normal waveform cannot fit. The fractional waveform has similar properties as the normal waveform while occupying less bandwidth. In particular, time is scaled relative to the normal waveform as a means of achieving the smaller bandwidth signal. 

F-UMTS reuses the UMTS FDD physical layer specifications. The only physical layer change in F-UMTS is the slower chip rate which is 1/N of the original chip rate of 3.84 Mcps, while conforming to the physical layer definition of the normal waveform. For example, in a 1.25 MHz channel bandwidth, the chip rate is reduced by a factor of 4 from 3.84 Mcps to 0.96 Mcps and is referred to as an F-UMTS (N=4) waveform. The time related physical layer parameters in F-UMTS are scaled accordingly, i.e. dilated N times (compared to a normal UMTS system). For example, in the case of HSDPA, for F-UMTS (N=4) the TTI length is increased from 2ms to 8ms while maintaining the same spreading factors on the channelization codes (P-CPICH SF= 256; HS-DSCH SF = 16, etc).  

Figure 1 illustrates the concept for the case N=2.
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Figure 1: Time dilation in Fractional UMTS

Another important physical layer aspect in F-UMTS is that the power spectral density (PSD) of F-UMTS in both downlink and uplink is assumed to be the same as UMTS. An example of power spectrum density of UMTS and F-UMTS downlink is shown in Figure 2. As a consequence of maintaining the same PSD, since the F-UMTS bandwidth is 1/N of UMTS, the total transmit power of F-UMTS is also 1/N of UMTS. Due to the narrower bandwidth operation, this ensures that for a given PSD, the SNR experienced by an F-UMTS receiver is the same as the SNR experienced by a UMTS receiver. 
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Figure 2: UMTS and F-UMTS have the same power spectral density
A few consequences of time-dilating the chips, while keeping everything else the same, is that there is an increase in CQI feedback delay, a reduction in power control rate as well as an increase in power control feedback delay. The impact due to this is evaluated further for both downlink and uplink.
3
F-UMTS Link Analysis
In the analysis presented in this document, we assume the reuse of the existing UMTS UE transceiver with the exception that the chip-rate parameter is scaled by a factor N (N= 2, 4, and 8). No attempt has been made to optimize transceiver functionality with regard to the fact that a F-UMTS waveform was transmitted.

3.1
Modifications to the UMTS link simulator to evaluate F-UMTS

Besides the modification to chip rate, as defined for F-UMTS, it is important to ensure that the same wireless channel model is used independent of the modified chip rate or bandwidth. Typically, in a UMTS link simulator, the wireless multipath resolution is in units of the over sampling rate Tc/K at the output of the transmit filter where Tc = 1 UMTS chip and K is the oversampling factor. This is illustrated in Figure 3.
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Figure 3: Wireless channel multipath resolution in units of Tc/K
Now, if we were to evaluate F-UMTS with the chip rate modified to 1.92 Mcps (1 F-UMTS chip = 2 UMTS chips, i.e. N=2) and if we were to still model the output of the transmit filter at an oversampling factor K as in the UMTS system, the wireless channel multipath resolution would reduce as a function of N. In this case, the resolution would become coarse and will be in units of Tc’/K = 2*Tc/K. 

In order to ensure that the wireless channel multipath resolution is invariant to changes in chip rate or equivalently bandwidth, the sampling rate at the output of the transmit filter should be scaled by a factor of N where N is the chip rate reduction factor in F-UMTS or the number of UMTS chips in an F-UMTS chip. Figure 4 illustrates this adjustment in the sampling rate at the output of the transmit filter.
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Figure 4: Sampling rate change at Tx filter output in F-UMTS to maintain the same multipath resolution as modelled in UMTS
Also, if other aspects of the wireless channel, such as the Doppler filter per path are implemented as a function of the sampling rate of the transmit filter output, then similar adjustments need to be made to the Doppler filter output samples such that the Doppler filter output remains invariant to changes in chip rate or transmit filter bandwidth.

4
Preliminary Link Analysis of HSDPA using F-UMTS
4.1
F-UMTS HSDPA Performance with CQI-based Scheduling in Single Cell Environments
In this section, we evaluate F-UMTS HSDPA performance with CQI based scheduling in single cell environments against UMTS HSDPA. The simulation setup is listed in Table 1. The scheduler is based on a CQI mapping table as specified in Table 7G in TS 25.214 for a Cat 14 UE.  
Table 1: HS-PDSCH CQI Based Scheduling Simulation Assumptions
	Simulation Parameters
	Value

	Carrier frequency
	900MHz

	Cell Layout
	Single cell

	Cell Tx/UE Rx Antenna
	1TX/2RX

	Physical Channel Tx Ec/Ior [dB]
	· P-CPICH: -10

· P-CCPCH: -12

· P-SCH: -15

· S-SCH: -15

· HS-PDSCH: -2 dB

· HS-SCCH:OFF

· OCNS: ON

	Geometry [dB]
	0, 10, 20

	Scheduler
	· CQI based scheduling

· Outer loop: OFF

	HS-PDSCH transmission
	· CQI mapping table as defined in Table 7G in TS 25.214 for a Cat 14 UE 

· 4 max HARQ transmissions

	UE Receiver
	· LMMSE Type 3 receiver


The spectral efficiency gain of F-UMTS relative to UMTS is defined below and shown in Table 2.
Spectral Efficiency Gain = (N*F-U )/U *100

where

N = Chip Rate scaling factor

F = F-UMTS throughput

U = UMTS throughput

As seen in Table 2, in many cases, there is a gain in spectral efficiency ranging from ~0.2% to ~13.25%. In particular, gain is noticeable in slow to medium speed multipath channels such as PB3 and VA30 in all geometries for both N=2 and N=4. A negligible loss (~2%) is observed for N=2 in PA3 channel at low geometry (0dB) while similar loss is observed for N=4 at low (0dB) and medium geometry (10dB). This loss may be attributed to an increase in CQI reporting observation interval and CQI feedback delay. A slight loss of the order of 6 to 9% is observed for both N=2 and N=4 in high speed vehicular channel (VA120). This loss may be attributed to the fact that due to time dilation of the waveform, the effective channel becomes faster as seen in the receiver. In general, the UE receiver could be optimized to overcome these effects. 

For the case when N=8, a loss up to ~12% is observed for pedestrian channels with the exception of high geometry (20dB) in Pedestrian B 3km/hr where a gain of ~10% was observed. Furthermore, a slight gain of the order of ~3 to 7% was observed in medium and high geometry conditions for the Vehicular A 30km/hr channel while a slight loss of ~5% was observed for the low geometry condition (0dB). Finally, a significant loss (32% to 60%) was observed for the high speed Vehicular A 120km/hr channels in all geometry conditions. This loss may be attributed to an even faster effective channel as seen in the receiver.
Table 2: Spectral Efficiency Gain [%] of F-UMTS relative to UMTS, PDSCH Ec/Ior=-2 dB, Outer loop OFF

	Channel
	Geometry (dB)
	F-UMTS N=2
	F-UMTS N=4
	F-UMTS N=8

	AWGN
	0
	0.173535792
	0.198120029
	-0.075198843

	
	10
	-0.045611652
	0.682147599
	0.475374776

	
	20
	1.482649842
	1.218318286
	-2.90438377

	PA3
	0
	-1.827541828
	-2.553410553
	-12.40840841

	
	10
	0.640522876
	-2.290196078
	-10.45647059

	
	20
	2.992238126
	-0.311899167
	-10.11761351

	PB3
	0
	1.516144127
	1.594759008
	-7.728591483

	
	10
	7.708802735
	4.849662031
	-2.555512392

	
	20
	13.25711007
	13.2612081
	9.58118187

	VA30
	0
	-6.396483328
	-6.381473142
	-5.392945213

	
	10
	2.497926076
	1.295971979
	2.962485022

	
	20
	4.491929931
	4.856045841
	6.622996842

	VA120
	0
	0.937008333
	-2.670007575
	-32.954956

	
	10
	-3.009404389
	-7.750783699
	-47.39169499

	
	20
	-0.339820035
	-9.111504245
	-60.56294819


5
Preliminary Link Analysis of HSUPA using F-UMTS
5.1
Link Efficiency of E-DCH with N = 1, 2, 4, 8 F-UMTS
5.1.1
Link Efficiency Evaluation Assumptions

The link level assumptions for link efficiency evaluation of E-DCH with F-UMTS are provided in Table 3.

Table 3: Link Level Assumptions for E-DCH using F-UMTS

	
	Parameter
	Settings

	System
	Carrier Frequency
	900MHz

	
	N
	1, 2, 4, 8
NOTE: N=1 F-UMTS is equivalent to UMTS

	Power Control
	Rate (Hz)
	1500/N Hz

	
	Feedback error
	4% for UL TPC(sent on DL)

	TTI
	-
	2*N ms

	Control channel
	DPCCH
	8 bits dedicated pilot and 2 bits TPC

	
	E-DPCCH
	Ideal E-DPCCH detection and decoding

	Channel estimation
	-
	4-Slots averaged non-causal FIR with coefficients [0.4 0.3 0.2 0.1]

	Tracking loop
	-
	FTL: off,  TTL: off,  AGC: on

	Receiver
	Rake
	MRC with minimum 7/8 chip spacing finger allocation

	Packet size
	
	129, 510, 3119


Rake Finger Allocation

The Rake finger allocation is shown in Table 4 for link level evaluation of E-DCH using F-UMTS

Table 4: Rake Finger Allocation for link evaluation of E-DCH using F-UMTS

	N
	PA
	PB
	VA

	1
	[0 7/8]Tc 
	[0 7/8 24/8 36/8] Tc 
	[0 12/8 20/8 32/8] Tc 

	2
	[0] Tc,2 
	[0 14/16 28/16] Tc,2 
	[0 14/16 28/16] Tc,2 

	4
	[0] Tc,4
	[0 28/32] Tc,4 
	[0 28/32] Tc,4 

	8
	[0] Tc,8
	[0 56/64] Tc,8
	[0 56/64] Tc,8


4.1.1
Link Efficiency Evaluation Results

4.1.1.1
Link Efficiency Metric

In this study, the link efficiency metric is defined as follows:
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where
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 is the chip DPCCH energy over per bandwidth noise + interference ratio
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 is the per chip E-DCH energy over per bandwidth noise + interference ratio and 
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 is the traffic over pilot (which is carried on DPCCH) ratio.

4.1.1.2
Comparison of Link Efficiency metric 
Using the assumptions described in Table 3 and 4, we evaluate the Ec/Nt vs T/P [dB] for N=1, 2, 4 and 8. The simulation results are shown in Figures 5 through 16. As seen in these figures, for slow pedestrian channels, the link efficiency with increasing N is similar or even better due to more time diversity gain introduced by time dilation of F-UMTS, However for vehicular channels (medium and high speeds), the link efficiencies begin to degrade for N = 4 and 8.  The degradation is more appreciable for 120 km/hr and is attributed to a loss in power control efficiency as well as loss of multi-path diversity.
TBS = 129 bits
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Figure 5: Ec/Nt vs. T/P [dB]; TBS=129, PA3 



Figure 6: Ec/Nt vs. T/P [dB]; TBS=129, PB3
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Figure 7: Ec/Nt vs. T/P [dB]; TBS=129, VA30 

 Figure 8: Ec/Nt vs. T/P [dB]; TBS=129, VA120

TBS = 510 bits
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Figure 9: Ec/Nt vs. T/P [dB]; TBS=510, PA3 

 Figure 10: Ec/Nt vs. T/P [dB]; TBS=510, PB3
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Figure 11: Ec/Nt vs. T/P [dB]; TBS=510, VA30 

 Figure 12: Ec/Nt vs. T/P [dB]; TBS=510, VA120

TBS = 3119 bits
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Figure 13: Ec/Nt vs. T/P [dB]; TBS=3119, PA3 

 Figure 14: Ec/Nt vs. T/P [dB]; TBS=3119, PB3
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Figure 15: Ec/Nt vs. T/P [dB]; TBS=3119, VA30 

 Figure 16: Ec/Nt vs. T/P [dB]; TBS=3119, VA120
6
Conclusions
In this contribution, the concept of fractional UMTS for the purpose of flexible narrow bandwidth usage in UMTS FDD systems was presented. Furthermore, a preliminary link analysis was provided for HSDPA using F-UMTS in and for HSUPA using F-UMTS in bandwidths of 2.5 MHz (N=2), 1.25 MHz (N=4), and 0.625 MHz (N=8). Besides a reduction in chip rate by a factor of N, the receivers were assumed to be agnostic to the fact that an F-UMTS waveform was transmitted over the air. 

Based on the link analysis on downlink, a spectral efficiency gain (up to 13.25%) was observed for many cases when N= 2 or 4. A negligible loss was observed in Pedestrian A 3km/hr channel, while a slight loss (6% to 9%) was observed for both N=2 and 4 in Vehicular A 120km/hr channels. For the case when N=8, losses up to ~12% were generally observed for pedestrian channels with an exception, while slight gains/losses (~5%) were observed in the Vehicular A 30km/hr channel. Furthermore, for N=8, a noticeable loss (32% to 60%) was observed for the high speed VehicularA 120km/hr channels. This loss may be attributed to an even faster effective channel as seen in the receiver.

In general, some optimizations could be considered in receiver functions, for example channel estimation and CQI estimation, to overcome these losses.
Based on the link analysis on the uplink, as N is increased, F-UMTS results in more time diversity and reduced power control efficiency. For slow pedestrian channels, the link efficiency with increasing N is similar or even better due to more time diversity gain introduced by time dilation of F-UMTS. However for vehicular channels (30km/hr, 120km/hr), the link efficiencies begin to degrade for N = 4 and 8. The degradation is more appreciable for 120 km/hr and is attributed to the loss of power control efficiency and loss of multi-path diversity.
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