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1. Introduction

Document [2] submitted to RAN1#74 meeting in August introduced a concept of over-filtering the 3.84 Mcps signal to bandwidth below 3.84 MHz. The contribution provided simulation results with 2.5 MHz channel bandwidth. Further in RAN1#74bis a contriution [3] proposed to introduce the results to the TR25.701 and contribution [4] suggested doing the same with the concept description.
During the RAN1#74bis discussions a possibility to mitigate the negative effects of filtering a 3.84 Mcps signal to a 2.5 MHz channel was briefly discussed. This document discusses further one such mitigation technique, and presents simulation results in uplink verifying that the negative effects of filtering are indeed mitigated.
2. Scalable Bandwidth UMTS by Filtering and Chip-Zeroing
The simplified transmit path of a 3.84 Mcps UMTS signal to 5 MHz UMTS channel bandwidth is depicted in figure 1. Figure 2 has the same transmit path, but with the 2.5 MHz RRC filter to achieve 2.5 MHz S-UMTS by Filtering. Figure 3 depicts yet again the same transmit path with 2.5 MHz RRC filter and another block, where every second block is set to zero to mitigate the effects of the narrow-band filter.
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Figure 1: Simplified block diagram of 3.84 Mcps signal transmitter chain
 with nominal 5 MHz RRC filter
[image: image2.emf]3.84 Mcps 2.5 MHz

UMTS 

transmitter

Data

RRC filter DAC

TX RF

Antenna


Figure 2: Simplified block diagram of 3.84 Mcps signal transmitter chain
 with narrow 2.5 MHz RRC filter
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Figure 3: Simplified block diagram of 3.84 Mcps signal transmitter chain
 with narrow 2.5 MHz RRC filter and with additional block setting every second chip to zero

3. Performance benefits of chip-zeroing

Link simulation is performed for different E-DCH transport block sizes and channel models with a 2.5 MHz filter that is achieved by halving the pass-band of a nominal 5 MHz filter. No other filter optimizations have been introduced. The required received C/I for 90% BLER after the first transmission attempt is compared to that achieved with a regular 5 MHz transmit filter. Spectral efficiency loss from 2.5 MHz filtering is shown in figure 4. In figure 5 the results of otherwise the same setup have been shown but in the transmit path every second chip is set to zero. Figure 6 shows the gain from setting every second chip to zero in 2.5 MHz transmission.

[image: image4.png]1.00
0.90
0.80
0.70
0.60
0.50
0.40
0.30
0.20
0.10
0.00

N———

== Voice

—8—0.2Mbps
—4—0.5Mbps

1Mbps

VA3 VA30 VA120 VA250





Figure 4: Relative uplink spectral efficiency of a 3.84 Mcps signal filtered to 2.5 MHz 
vs. 5 MHz [%]
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Figure 5: Relative uplink spectral efficiency of a 3.84 Mcps signal filtered to 2.5 MHz and setting every second chip to zero vs. 5 MHz [%]

[image: image6.png]1.6

1.2

0.8

0.4

= 1Mbps
—&—0.5Mbps
—4—0.2Mbps
== Voice





Figure 6: Gain from setting every second chip to zero in a 3.84 Mcps signal and 2.5 MHz filter [dB]
A small link performance loss can be observed for low data rates due to the filtering. Chip-zeroing does not provide any meaningful benefits for low rates. With higher data rates, more loss is observed from filtering, and the chip zeroing is mitigating this effect, and the negative impacts of over-filtering have been largely mitigated by the chip-zeroing. 
4. Conclusions

A concept of mitigating the over-filtering of 3.84 Mcps signal with 2.5 MHz RRC filter by setting every second chip to zero is discussed. The solution appears to be unnecessary for low data rates in uplink, but for medium to high data rates it seems to largely mitigate the impacts of over-filtering.
5. References
[1] TR25.701 Study on scalable UMTS FDD bandwidth, V1.0.0

[2] R1-133736, Scalable Bandwidth UMTS by filtering, initial simulation results, NSN

[3] R1-134753, TP on uplink performance of Scalable Bandwidth UMTS by Filtering, NSN
[4] R1-134752, TP on Scalable Bandwidth UMTS by filtering, NSN
[5] R1-135715, TP on uplink performance of Scalable Bandwidth UMTS by Filtering, NSN

[6] R1-135716, TP on Scalable Bandwidth UMTS by Filtering, NSN












































































