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1 Introduction
In the status report on scalable UMTS FDD bandwidth by filtering [1], the following open issues are listed:

· Uplink 

· Performance evaluation and identifying the differences between pure filtering and chip-zeroing

· Discussion and agreement on appropriate UL operation scenario

· PRACH preamble code design and performance 

· Evaluation of PAPR aspects although it is expected that there would not be an impact

· Downlink
· Downlink N=4 standalone performance including SCH

· Potential bandwidth detection optimization which may result in a change on SCH design

· RAN2 and RAN4 have not been consulted on any aspects within their scope related to FUMTS. RAN1 does not have the expertise to assess these aspects even though some contributions were submitted on these topics. 
Simulation results on the power characteristics of the uplink signal for both pure Filtered UMTS (F-UMTS) and Chip-Zeroed Filtered UMTS (CZ-UMTS) have been presented in [2]. This paper contains the corresponding text proposal to the TR 25.701.
2 Text proposal
++++ Start of text proposal ++++
6.8A.4.2.1 PAPR

Since the transmitted waveform is modified for CZ-UMTS and FUMTS, there is impact on PAPR and CM, see simulation results in section 6.8D. The resulting impact on the UE implementation and the Maximum Power Reduction (MPR) needs to be further studied in RAN4..

++++ Omitted text ++++
6.8D   Uplink signal characteristics
6.8D.1 Background

The uplink scrambling code was designed in Rel-99 to offer a bit better peak-to-average power ratio (PAPR) performance than a pure random scrambling code. This PAPR reduction scheme was referred to as HPSK/OCQPSK, and is implemented in the uplink scrambling code generation by introducing a dependency between consecutive chips:
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With the introduction of chip zeroing in uplink, this particular characteristic of the scrambling code is modified, since there will be no “memory” between scrambling code chips actually transmitted. Hence, it is relevant to study PAPR and cubic metric (CM) performance. A high PAPR/CM is undesirable as it typically reduces the maximum power with which the terminal may transmit in order to fulfill requirements on emissions, e.g. adjacent-channel leakage power ratio (ACLR). In fact, the CM is directly influencing in a non-linear manner the Maximum Power Reduction (MPR) requirements in RAN4, i.e. the higher the CM the higher the MPR. The reduction in maximum output power reduces the coverage and throughput. Avoiding this may be possible but might require redesign of the transmitter, at the expense of increased chip area and reduced power amplifier efficiency resulting in increased power consumption.

6.8D.2 Simulation assumptions

Simulations have been performed to study the power distribution of UMTS, F-UMTS and CZ-UMTS uplink signals. In addition, a reference case where the uplink scrambling code for normal UMTS is modified to remove the HPSK/OCQPSK component has been studied. This is done by simply applying the standardized downlink scrambling code in the uplink direction.

In all the simulations a set of channelization codes with different spreading factors and amplitude ratios (beta-factors) are used. Scrambling code number 10 was used in all cases, but additional tests indicate that the choice of code does not influence the results significantly. Random sequences of data symbols are then spread and scrambled, and a root raised cosine filter scaled to the proper bandwidth with roll-off 0.22 and 10 times oversampling is applied. The signal properties after the filter are then studied.

Three different reference bearers, i.e. sets of channelization codes / beta values, have been simulated:

12.2 kbps speech

DPCCH:   
  SF256 code 0, mapped to Q-branch, beta_c = 8/15
DPDCH:   
  SF64 code 16, mapped to I-branch, beta_d = 15/15

32 kbps 10 ms TTI EUL

DPCCH:   
  SF256 code 0, mapped to Q-branch, beta_c = 15/15
E-DPCCH:
  SF256 code 1, mapped to I-branch, beta_ec = 8/15
E-DPDCH:
  SF32 code 8, mapped to I-branch, beta_ed = 21/15

1 Mbps 2 ms TTI EUL
DPCCH:   
  SF256 code 0, mapped to Q-branch, beta_c = 15/15
E-DPCCH:
  SF256 code 1, mapped to I-branch, beta_ec = 15/15
E-DPDCH1:
  SF4 code 1, mapped to I-branch, beta_ed = 67/15
E-DPDCH2:
  SF4 code 1, mapped to Q-branch, beta_ed = 67/15
6.8D.3 Power distribution

One way to study the properties of the signal is to look at its envelope power distribution. In Figure 6.8D.1 we show the PDF of the transmitted signal for the 12.2 kbps speech reference bearer, where the average power of the signals have been normalized to 1 (linear scale). This shows the variability of the statistics of the signal. However, the dynamics in the time dimension cannot be seen in this type of plot.

The plot includes the PDFs for normal 5 MHz UMTS (“UL UMTS”), normal 5 MHz UMTS but using downlink scrambling code (“DL UMTS”), 2.5 MHz F-UMTS (“F-UMTS”) and 2.5 MHz CZ-UMTS (“CZ-UMTS”).

As can be seen from the figure, normal UMTS has the best properties with the least amount of variability. CZ-UMTS seems to perform similar to normal UMTS with a downlink scrambling code, which is expected since the chip-zeroing destroys the PAPR reduction properties of the uplink scrambling code. F-UMTS has a different distribution that most likely comes from the increased ISI.
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Figure 6.8D.1
PDF of the normalized envelope power for different signals. 
Power in linear scale, average normalized to 1.

6.8D.4 PAPR and CM
Signal characteristics have been studied for the three different reference bearers. For PAPR performance, plots of the complementary cumulative distribution function (CCDF) of the envelope power to average power ratio are presented. In addition, CM values according to the formula in TS 25.101 have been calculated and are tabulated.

6.8D.4.1 Comparing 5 MHz UMTS with 2.5 MHz F-UMTS/CZ-UMTS

First we compare normal 5 MHz UMTS (“UL UMTS”), normal 5 MHz UMTS but using downlink scrambling code (“DL UMTS”), 2.5 MHz F-UMTS (“F-UMTS”) and 2.5 MHz CZ-UMTS (“CZ-UMTS”). In Figures 6.8D.2-6.8D.4 and Tables 6.8D.1-6.8D.3 below, the CCDFs and CM for the three reference bearers are presented.
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Figure 6.8D.2
CCDF for 12.2 kbps speech reference bearer

	
	Cubic metric

	UL UMTS
	-0.01

	DL UMTS
	0.46

	UL F-UMTS
	1.05

	UL CZ-UMTS
	0.44


Table 6.8D.1
CM for 12.2 kbps reference bearer
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Figure 6.8D.3
CCDF for 32 kbps 10 ms TTI EUL reference bearer

	
	Cubic metric

	UL UMTS
	0.63

	DL UMTS
	1.13

	UL F-UMTS
	1.08

	UL CZ-UMTS
	0.88


Table 6.8D.2
CM for 32 kbps 10 ms TTI EUL reference bearer
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Figure 6.8D.4
CCDF for 1 Mbps 2 ms TTI EUL reference bearer

	
	Cubic metric

	UL UMTS
	0.34

	DL UMTS
	0.81

	UL F-UMTS
	1.20

	UL CZ-UMTS
	0.66


Table 6.8D.3
CM for 1 Mbps 2 ms TTI EUL reference bearer

6.8D.4.2 Comparing F-UMTS with CZ-UMTS in different bandwidths
As a second comparison, we look at the difference in signal characteristics between F-UMTS and CZ-UMTS as the carrier bandwidth is varied. In Figure 6.8D.5 and Tables 6.8D.4 below, the CCDFs and CM for the 1 Mbps 2 ms TTI EUL reference bearer for bandwidths varying between 2 and 5 MHz are presented.
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Figure 6.8D.5
CCDF for varying bandwidths

	
	2.0 MHz
	2.5 MHz
	3.0 MHz
	3.5 MHz
	5.0 MHz

	F-UMTS
	1.37
	1.17
	0.99
	0.82
	0.34

	CZ-UMTS
	1.10
	0.68
	0.96
	1.51
	2.49


Table 4
CM for varying carrier bandwidths
6.8D.5 Discussion

Although the simulations are simplified and e.g. have only been made for a very small subset of possible power offsets and do not include HS-DPCCH, it seems clear that both the narrowband filtering as well as the chip-zeroing result in worse PAPR/CM characteristics compared to normal UMTS. Further more detailed studies would be required to conclude on what impact the changed PAPR/CM characteristics would have on the system, in particular with respect to coverage. In general, the worse the CM is the larger MPR the UE would need to apply. However, the translation of a CM for a narrowband carrier into a MPR for this carrier would require further detailed studies in RAN4, since it is expected that there is a bandwidth dependency and hence the old values derived for 5 MHz carriers may no longer hold. In general, discussion related to CM vs MPR are rather long in RAN4 and require large amount of simulations. Also, the amount of work required depends on the features supported for scalable UMTS (uplink CLTD, uplink MIMO etc). 

++++ End of text proposal ++++
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