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1
Introduction
Scalable UMTS based on enhanced filtering is introduced in [1, 2].  This paper proposes text proposals to be included in the technical report on SUMTS [3].
2
Text Proposals

[---------------------------------------------------------------------Begin Text -----------------------------------------------------------]
6.9    Scalable bandwidth UMTS by enhanced filtering
6.9.1   Description

The fundamental transmit waveform pulse used in EF S-UMTS is obtained by dilating the UMTS RRC pulse shaping filter.

Let 
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 denote the pulse shaping filter in UMTS of unit energy, i.e, 
[image: image2.wmf]1

)

(

2

=

ò

dt

t

r

.  Then the pulse shaping filter in S-UMTS is given by 
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, for N = 2 or N = 4. See Figure x.1. Note that for N=1, this becomes identical to the UMTS pulse-shape, i.e., 
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 is also of unit energy, i.e. , 
[image: image6.wmf]1

)

(

2

=

ò

dt

t

r

N

.

[image: image7.emf]T T

UMTS RRC filter

S-UMTS RRC filter

r(t)

1/sqrt(2)  x r(t/2)


Figure x.1: Filtering S-UMTS pulse shaping filter, N = 2. 
The block diagram in Figure x.2 show how the waveform of S-UMTS with enhanced filtering is constructed.  Notice that although the chip rate of EF S-UMTS is the same as the UMTS, the mask 1,0,1,0 is used to zero out every alternate chips prior to pulse shaping filter.  
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Figure x.2: S-UMTS with enhanced filtering (EF S-UMTS) waveform.

Due to zero-out mask, fundamentally EF S-UMTS waveform is similar to S-UMTS based on time dilation when compared at chip level.  However, the effective PSC code sequences in EF S-UMTS and TD S-UMTS differ: TD S-UMTS effective PSC is the same as UMTS, but EF S-UMTS effective PSC is zeroed out every alternate chips; see Figure x.3.  Note that from implementation point of view, there is no explicit need to define a new PSC sequence for EF S-UMTS system, and the legacy PSC code can be reused as shown in block diagram of Figure x.2.
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Figure x.3: Comparison between UMTS, S-UMTS with time dilation (TD S-UMTS) and S-UMTS with enhanced filtering (EF S-UMTS)

6.9.2
Power Spectrum Density and SINR analysis
Figure x.4 shows a frequency domain analysis of transmission and reception of UMTS (bandwidth = W) and EF S-UMTS (bandwidth = W/N, where N=bandwidth reduction factor). The new components in EF S-UMTS relative to UMTS are the zero-out operations at transmitter and receiver (shown in the figure assuming N=2), and the new narrow-band pulse-shaping. Note that the power-spectral density (PSD) of a random process of the form 
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are random variables with zero mean and variance 
[image: image12.wmf]Ec

, is proportional to 
[image: image13.wmf]T

f

R

Ec

/

)

(

2

, where 
[image: image14.wmf])

(

f

R

 is the continuous-time fourier-transform of 
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. Based on this, as shown in Figure x.4, when the transmit pulse-shaping filters for both UMTS and SUMTS are normalized to have unit energy, then the in-band PSD of both UMTS and S-UMTS is the same if they both use the same energy per chip. The in-band heights of 
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 respectively in Figure x.4, which assumes that 
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 and the PSD have a brick-wall shape. In reality these heights are slightly different because the shape is not perfectly brick-wall but has a roll-off near the band-edge, however this constant multiplying factor does not essentially change any of the analysis, and is hence dropped for convenience.
At the receiver, the noise variance at the output of the energy-normalized matched RRC filter is No for both UMTS and S-UMTS. The signal amplitude when sampled at the peak, is obtained by integrating the product of the Tx and Rx SRRC filter amplitude responses, and thus this is also the same for UMTS and S-UMTS, i.e., equal to 
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. Thus, the SNR for each UMTS chip is the same as the SNR for each S-UMTS chip, namely Ec/No. However, unlike the time-dilation solution, EF S-UMTS maintains the same absolute time durations for symbols, radio-frames, and TTIs. The number of S-UMTS chips is 1/Nth of the number of UMTS chips in the same time duration, hence the symbol SNR drops by the factor N. Similarly, the number of OVSF codes also drops by a factor of N in S-UMTS relative to UMTS, in order to preserve the orthogonality of all the codes after the zero-out operation. 
Based on the analysis in Figure x.4, we see that the expressions for chip and symbol SNR in UMTS and S-UMTS are as follows:
Chip-level SNR: Ec/No  (both UMTS and S-UMTS)

Symbol-level SNR:  (SF)*Ec/No for UMTS, and (SF/N)*Ec/No for S-UMTS, where SF= spreading factor

Note that the UMTS and S-UMTS symbols occupy the same time duration given by SF *Tc where Tc is the UMTS chip duration, and SF is the UMTS spreading factor. However, while the UMTS symbol has SF UMTS chips, the S-UMTS symbol has SF/N S-UMTS chips (each S-UMTS chip being dilated by factor N in time, to give the same overall symbol duration).
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Figure x.4: S-UMTS with enhanced filtering (EF S-UMTS): PSD and SNR analysis.

6.9.3  Control Channel Overhead in EF S-UMTS
In general, control channels of fixed data rate sent over EF S-UMTS with bandwidth reduction factor N=2 need to boost Ec/Ior power allocation by 3dB to match the same performance, since symbol SNR of EF S-UMTS is 3dB worse than an equivalent UMTS system; see Section 6.9.2. There are however exceptions wherein performance of some control channel is tolerable without this additional 3dB Ec/Ior boost. This could apply to control channels such as CPICH and SCH channels. For the procedures dependent on CPICH or SCH, the system may tolerate a longer dwell time to compensate for loss of 3dB processing gain.
[--------------------------------------------Text Ends -------------------------------------------------------------------------------]
3
Conclusions

It is proposed that the above text be included in the technical report for study item on scalable bandwidth UMTS.
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