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1 Introduction
An alternative solution 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).

Due to increased ISI, the performance degrades at high data rates. However, the UL scrambling codes have a peculiar correlation in the 4th order momentum. This correlation reduces the degrading impact of the ISI by 3 dB.   

Recently, a method to remove ISI by setting every other chip to zero has been proposed. For a 2.5 MHz carrier, this method completely removes the ISI for a flat channel. This method is referred to as CZ-FUMTS (chip zeroing filtered UMTS) in the following. The drawback with this method is that we are restricted to use only one half of the OVSF code tree, and a spreading factor of 2 cannot be used for E-DPDCH. 

In this contribution, we compare the performance of filtered UMTS with and without chip zeroing.
2 The UL scrambling code fourth order momentum correlation and its impact 
Scrambling codes 
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  are designed, with the goal, to be perfectly random. In particular, the code is assumed to have the property:  
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where * denotes complex conjugation.

The expectation value E of the code is evaluated for different indices m and n, varying within certain constraints. This is true for most scrambling codes used in cellular standards. However there is a notable exception in the long UL scrambling code used in WCDMA. It has the peculiar property  
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, for any m. 
Note that this property holds not only on the average, it is a deterministic identity! This correlation is due to a modification of the UL scrambling code, introduced to reduce the peak to average in the UE radio.
It can be shown that this correlation has some important impact on the ISI. If one computes the ISI caused by the different channels (e.g. DPCCH, E-DPCCH, E-DPDCH) for the same user (same UL scrambling code), that the following is true:

· Interference from the same half of the code tree as the decoded data, is reduced by 3 dB (a factor of 2)

· Interference from the other half of the code tree than the decoded data, is increased by 1.7 dB (a factor of 1.5).

Here, the two halfs of the OVSF code tree are those derived from (1,1) and (1,-1) base codes.

Thus if we restrict signals to only use the left half of the code tree (1,1), we always have a 3 dB reduction in the ISI. So with the same restriction as imposed by CZ-FUMST, where only one half of the code tree can be used, we do have a better situation in UL compared to DL. This fact is demonstrated in the simulation results below, where we compare the performance with the WCDMA UL scrambling code and a randomly generated scrambling code.
If we send data with 2xN2 (right tree (1,-1)), and have the control channels on the left tree under (1,1), then there is a mix of gain and losses of the interference on the data and control channels. But it is still possible to use this format for pure FUMTS.
3 Simulation results
The simulations are straight forward link simulations with a single user. Throughput curves versus 
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, for different E-DCH transport block sizes will be shown. 
We only present results for the PA3 channel. The carrier bandwidth will always be 2.5 MHz, which is optimal for chip zeroing. The filters will be same as for 5MHz, but scaled by a factor two.

Curves are labelled “FUMTS” and “CZ-FUMTS” meaning without and with chip zeroing, respectively. In both cases the chip rate is the same 3.84 Mcps.  The simulation is done with 2-way RX diversity and no HARQ retransmissions. Since we do not compare spectral efficiency at different bandwidths, no scaling of the results has been performed.
The simulations are performed with fixed transport block size. Each simulation point corresponds to a fixed SINR target. Unless noted otherwise, ILPC is active, but no scheduler or OLPC. 
In the graphs below the transport formats are chosen so that we are close to the following bitrates:  35 kbps, 200 kbps, 500 kbps, 1000 kbps and 1500 kbps. The first format is on 10 ms TTI, while the others are on 2 ms TTI. For the 1500 kbps, FUMTS use 2xN2 for E-DCH, while CZ-FUMTS is constrained to 2xN4.  
3.1 Basic comparisons FUMTS/CZ-FUMTS
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Figure 1:  35 kbps on 10 ms  TTI.  
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Figure 2:  200 kbps on 2 ms TTI. 
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Figure 3:  500 kbps on 2 ms TTI. 
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Figure 4:  1000 kbps on 2 ms TTI. 
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Figure 5:  1500 kbps on 2 ms TTI.  FUMTS use 2xN2, while CS-UMTS is restricted to 2xN4. 

3.2 Simulations comparing the WCDMA UL scrambling code with a random scrambling code

Here we demonstrate ISI reduction due to the particular correlation in the WCDMA UL scrambling code. The figure below shows that there is a significant performance improvement for FUMTS using the WCDMA UL scrambling code compared to a random code. For the CZ-FUMTS we see no such effect, since there is no ISI to reduce. The random code is designed as 
[image: image10.wmf]i

±

±

1

, where the 
[image: image11.wmf]±

 are fair coin toss ups.

There is not a 3 dB gain in the curves below, since the interference is a mix of thermal noise, ISI and some mild self-interference due to the PA channel. 

[image: image12.png]FUMTS vs CZ-FUMTS vs WCDMA UL/Random scrambling codes

1000~

Throughput kbps

800~

600-

400~

1 mbps, PA3 channel

Scrambling
© Random_Code
® WCDMA_Code

Type
® CZ-FUMTS
AFUMTS

2
Ec over No in dB




Figure 6: Note that the impact of changing the scrambling code only applies to the FUMTS curve.

3.3 Results with ILPC off
The aim with these simulations is to investigate the impact of the ILPC. Since the ISI introduced by FUMTS is causing the SINR to alter due to self-interference, it will be less stable. It is possible to compute the max SINR target that can be obtained for a flat channel, and FUMTS must not have a SINR target higher than that. 
The simulations for 1 Mbps looks as expected. However, in the simulations for 1.5 Mbps FUMTS is slightly better than CZ-UMTS without ILPC, but  slightly worse than CZ-UMTS with ILPC. This indicates that with some algorithm optimization, FUMTS performance can be improved further for these high rates.
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Figure 7: The difference between FUMTS and CZ-FUMTS, is almost the same with without the ILPC.
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Figure 8:  FUMTS is slightly better with TPC off. Note CZ-FUMTS is using 2xN4 while FUMTS is using 2xN2. 
4 Discussion
From the simulations presented, it can be seen that the performance difference between FUMTS and CZ-FUMTS varies a bit with bitrates. For low bitrates the difference is small, for higher bitrates the difference is larger but still not catastrophic for FUMTS, and for the highest bitrates the performance difference is small (possibly even with a benefit for FUMTS over CZ-UMTS) due to the fact that SF2 is not available with CZ-UMTS so the coding rate is higher than FUMTS.
CZ-UMTS increases the implementation effort over pure FUMTS, since there is more baseband receiver impact. Further, CZ-UMTS leads to restrictions on channelization codes that can be used, thereby imposing a hard limit on maximum achievable bitrate. Moreover, there are open issues regarding how the chip zeroing impacts RACH preamble detection performance, peak-to-average characteristics of the uplink signal, etc.
In the light of this, we find it premature to rule out the possibility of running the uplink in pure FUMTS mode, without the chip zeroing.
5 Conclusion
The performance analysis of FUMTS vs CZ-UMTS indicates a moderate performance  disadvantage for FUMTS in UL for higher rates. This disadvantage may be acceptable when comparing the implementation and standardization complexity increase with the CZ-FUMTS solution. 
Proposal 1: 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 2: Discuss the complexity imposed by chip zeroing versus the performance benefits.
By zeroing every other chip, the original design for peak to average reduction, seems to be lost. This may cause some negative impact on the UE, for example on battery consumption.

Proposal 3: Analyse the impact of the CZ-FUMTS and FUMTS solutions on the peak to average power in the UE radio.

The random access preambles have a bit peculiar design in that they do not only consist of a channelization code and a scrambling code pair. Further, the correlation properties of these preambles are important for random access performance. It seems important to study how FUMTS and CZ-FUMTS (with its modification of signal on chip level) impact these properties.
Proposal 4: Study the impact lower bandwidth and chip zeroing may have on random access preamble detection performance
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