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1 Introduction
An alternative solution to time dilation to obtain a narrow bandwidth carrier was introduced during RAN1#74[1], where the bandwidth reduction is obtained through more narrowband carrier filtering only. It is an interesting alternative to time dilation, since it has a lower impact on the standard as well as on practical implementations. Initial results provided in [1], indicate reasonable degradations with the proposed solution, which here is referred to as FUMTS (filtered UMTS).

At the RAN # 75 meeting, an optimization was suggested, to combat ISI, by setting every other chip to zero. For a 2.5 MHz band, this method completely removes the ISI. This method is denoted CZ-FUMTS (chip zeroing filtered UMTS). The drawback with this method is that we are restricted to the left half of the code tree.

The CZ-FUMTS is optimized for 2.5 MHz bandwidth. However, there may be other slices of spectrum available. In this contribution we compare the performance if we do not restrict operation to the 2.5MHz bandwidth only.
2 The scaling of power as a function of filtered bandwidth and chip rate
When we talk about carriers scaled relative UMTS, we use the number N as descriptor. The modified band is 
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and the chip rate is the same as the BW. The collected noise in a chip symbol is 
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 is the noise per Hertz (noise density).   
In the analysis in this section, we assume that we have an AWGN channel. The receiver is using one finger and it is placed at the optimal position.
For a standard UMTS symbol with spreading factor SF, we get the symbol SINR as:
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, where 
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 is the square of the amplitude of the chip. The standard rule of thumb is that the power on the antenna, relative to the noise, is just 
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. This is almost true. However, if we have a mismatch between the bandwidth and the chip rate it will change.
With N=2, and CZ-FUMTS there is no mismatch between sampling and bandwidth, since every other chip is zeroed out. Thus we can rescale the expression for the symbol SINR as: 
[image: image8.wmf]2

SF

SF

®

 and 
[image: image9.wmf]2

BW

BW

®

, and find that it does not change. Thus with the same chip power
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, we get the same symbol SINR. However, 
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 in the graphs are moved 3 dB to the right since the collected noise power is cut in half.
For FUMST with N=2, we cut the bandwidth in half but do not zero out any chips, and keep the same spreading factor. Thus at the same chip power, we get twice the symbol SINR relative to CZ-FUMTS. Also 
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is moved 3 dB, as for CZ-FUMTS. But it is clear that compared to CZ-UMTS, we send twice the power. Thus we need to find the relation between the chip power and the average power on the antenna 
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. It can be shown that the relation is
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, where M is the mismatch between the bandwidth and the chip rate (
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). In particularly for FUMTS with N=2, the experienced power on the antenna is almost twice the chip power, in agreement with the discussion above.

The small correction 189/200, is also present for standard UMTS, and often neglected. In the graphs below, we still write 
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In this contribution, we simulate FUMTS and CZ-FUMTS with bandwidth 2, 2.5, 3, 3.5 and 5 MHz.

This correspond to N=2.5, 2, 1.67, 1.43 and 1. The shifts in dB relative UMTS is 4, 3, 2.2, 1.6 dB and 0 dB. In figure 2, we show the simulation  results with this compensation. However, these shifts have not been compensated for in the graphs 1 and 3 below, since we want to compare the true utilization of the spectrum and not the spectral efficiency. 
We have included standard UMTS and the previously studied 2.5 MHz bandwidth case for comparison.

3 Simulation results
The simulations are set up exactly as in [2]. The only difference is that we scale the RRC filter with other values than 2. 
In the first simulation (figure 1), we run the system at 1 Mbps. Both FUMTS and CZ-FUMTS use 2xN4. CZ-FUMTS is always better. However, the biggest gap is at 2.5 MHz, where the chip zeroing has the best ISI reduction. The fact that CZ-UMTS is better for the full 5 MHz seems a little strange at first. One explanation is that the self- interference due to the mildly dispersive PA channel causes less problems if we zero out every other chip. For a flat channel, FUMTS and CZ-FUMTS should have the same performance. These simulations also show that there is no fundamental reason to limit operation to 2.5 MHz even for CZ-FUMTS. If more spectrum than 2.5 MHz is available, it can be utilized to improve the required Ec/No. Figure 2 shows the CZ-FUMTS curves from the same simulation, with the compensation computed in section 2. It shows that scaling is correct. The small degradation for 2 MHz bandwidth is due to increased ISI. 
In the next simulation (figure 3), we run the system at 1.5 Mbps. Now the FUMTS is utilizing 2xN2, while CZ-FUMTS needs to stay on 2xN4 since SF2 is not available when chip zeroing is employed.  For this bitrate FUMTS performs better than CZ-FUMTS at 3, 3.5 and 5 MHz, since it can utilize better Turbo coding rates.  
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Figure 1:  Note that CZ is slightly better for the UMTS bandwidth (5 MHz). Also the highest gain for CZ-FUMTS vs FUMTS, is at 2.5 MHz where ISI suppression is maximized.
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Figure 2:  CZ-UMTS with the compensation computed in section 2.
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Figure 3:  CZ-UMTS use only 2xN4 while FUMTS use 2xN2. Note that FUMTS is better than CZ-FUMTS for 3, 3.5 and 5 MHz bandwidths.
4 Discussion and Conclusion
Performance differences between FUMTS and CZ-FUMTS have been studied for different carrier bandwidths. 
The results show that it is always better to use a larger carrier bandwidth if available. In particular, although the ISI removal with chip zeroing works best at 2.5 MHz, CZ-FUMTS performance gets better with increasing bandwidths.

If we have more than 2.5 MHz available, say 3 MHz, then the possibility with FUMTS to use 2xN2 or maybe even 2xN2+2xN4 for E-DCH, results in an advantage over CZ-FUMTS which cannot use SF2 channelization codes.

Proposal 1: If FUMTS or CZ-FUMTS is specified, the exact carrier bandwidth need not be exactly 2.5 MHz. 

Proposal 2: Both pure FUMTS and CZ-FUMTS should be further studied in uplink. It is premature to conclude that chip zeroing is required in uplink.
Proposal 3: Once a suitable carrier bandwidth has been determined, the relative performance between FUMTS and CZ-FUMTS needs to be studied for relevant bitrates to determine if the implementation and specification complexity drawback with chip zeroing is relevant.
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