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1
Introduction

In this contribution, a text proposal on the impacts to UE implementation due to Scalable UMTS [1] is provided for adoption to the Technical Report [2].

2
Text Proposal

[------------------------------------------------------------- TEXT START --------------------------------------------------------------]

7
Solutions of Scalable UMTS

7.1.4
Impacts on the network and UE
7.1.4.1 UE Receiver
7.1.4.1.1 RF and Digital Front-end
Figure x1 illustrates examples of RF and digital front end receiver portions for the UMTS receiver that is also capable of receive diversity.  An example of front end implementation of standalone Scalable UMTS is shown in Figure x2.

· In both cases, a single local oscillator implementation is assumed for the purpose of RF down-conversion.

· The analog low pass filter (LPF) is now a narrower bandwidth (5/N MHz) when compared to the baseline case (5 MHz bandwidth).

· The ADC sampling rate decreases linearly in accordance with the analog LPF bandwidth.

· The complexity of the digital filter is 1/N to an FIR implementation of the UMTS FDD Square Root Raised Filter (roll-off factor = 0.22) 
[image: image1.emf]Carrier Separation/              

Antenna Separation

Rx Antenna 2

Rx Antenna 1

5 MHz 5 MHz

f

F1 F2

F1 A1

RF 

down-

conversion

Low Pass 

Filter

ADC

RF 

down-

conversion

Low Pass 

Filter

ADC

f

0

F1 A2

0

f

0

f

F1


Figure x1: RF/Front End Block Diagram for a UMTS receiver
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Figure x2: Front end implementation for standalone Scalable UMTS
An example of the front end implementation for multicarrier Scalable UMTS is shown in Figure x3. This example assumes similar frond end implementation as has been used in dual cell HSDPA. This implementation can be used only in case two carrier signals are within the front end sampling bandwidth. Therefore carriers should be adjacent or nearly adjacent. Carrier C1 has here been assumed to be the legacy carrier and C2 is the Scalable UMTS carrier. Hence carrier separation for C1 is similar to legacy DC-HSDPA and only rotates signal to base band. Carrier separation for C2 needs to be slightly changed from legacy since the centre frequency of the Scalable UMTS carrier can be different. Similar to the standalone case, the sampling rate can be reduced and is beneficial for the rest of the receiver chain. 
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Figure x3: Front end implementation for multicarrier Scalable UMTS
7.1.4.1.2 Base-band Detector

The differences in base-band processing of the HS-PDSCH detector between the baseline and Scalable UMTS receiver structures are examined in this section. 

The legacy UMTS UE receiver can be assumed to employ a linear MMSE receiver operating in diversity mode as shown in Figure x4. Both the UMTS and Scalable UMTS UE receivers are required to estimate the channel impulse response on the two receiving branches. 
However, since the time duration of Scalable UMTS is dilated by N times, the length of the channel impulse response (CIR) in unit of chips is reduced to 1/N of the CIR length for the UMTS receiver. Furthermore, because the sampling rate of Scalable UMTS receiver is 1/N of the UMTS receiver, the complexity of searcher and channel estimator is 1/N2 of the UMTS receiver.  
The complexity of LMMSE processing is scaled with the CIR length and sampling rate. Similar to the searcher and channel estimation complexity, the length and sampling rate of the linear equalizer in the Scalable UMTS receiver are both 1/N of the linear equalizer in the UMTS receiver. So the complexity of LMMSE processing is also reduced to 1/N2 of the UMTS receiver. The allocation of the fingers in the rake receiver or the decision how to measure the impulse response in the type 3/3i receivers may need some fine tuning for different sampling rates and bandwidths.
7.1.4.1.3 Base-band Decoder

Since the data throughput and peak rate are expected to be 1/N of the UMTS FDD system, the decoder complexity is also expected to be reduced to 1/N of the UMTS decoder. Figure x5 illustrates a high level block diagram of the base-band decoding process for both the UMTS and the Scalable UMTS receivers. For Scalable UMTS, the IR buffer requirement is the same as UMTS but the Turbo decoder speed requirement is reduced to 1/N.
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Figure x4: UMTS Receiver: Base-band Detector Block Diagram
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Figure x5: UMTS Receiver: Base-band decoding

7.1.4.2 UE Transmitter

Since only chip rate and transmitter filter are modified in the UE transmitter for Scalable UMTS, the following physical layer changes may be expected on the UL transmitter implementation:

· Reduction the physical layer processing speed by 1/N 

· Reduction the digital pulse shaping filter sampling rate by 1/N 
· Reduction the analog filter bandwidth to 1/N of UMTS FDD sampling rate.

7.1.4.3 Summary

A complexity analysis was performed to investigate the impact of the deployment of Scalable UMTS on the UE complexity. For the purpose of comparison, the UMTS and Scalable UMTS UEs were assumed to be capable of receiver diversity. The complexity impact on the RF/Front-end portion as well as the base-band detector and decoder portions of the UE were evaluated. The results of the evaluation can be summarized in Table x1. 

Table x1: Impact of UE Implementation Complexity for UMTS and Scalable UMTS
	
	UMTS
	Scalable UMTS

	RF/Front End
	
	

	Number of Rx Antenna chains
	2
	2

	Number of RF Local Oscillators
	1
	1

	Number of RF down-conversion units
	2
	2

	Number of Analog LPF
	2
	2

	Analog LPF bandwidth
	5 MHz
	5/N MHz

	Normalized ADC Sampling Rate
	1
	1/N

	Number of Digital Oscillators
	0
	0

	Number of Digital FIR filters      
	2
	2

	Normalized input bandwidth to base-band detector
	1
	1/N

	Base-Band Detector
	
	

	Searcher and Channel Estimator
	1
	1/N2

	LMMSE Processing
	1
	1/N2

	Base-Band Decoder
	
	

	IR Soft Metric Buffer
	1
	1

	Turbo Decoder Speed
	1
	1/N


· For the Base-Band decoder sub-system, which can be assumed to constitute a significant percentage of the UE implementation complexity, no impact is anticipated. The clock rate can be reduced to 1/N of UMTS decoder. 

· For the Base-Band detector portion, there is some reduction of complexity for Scalable UMTS. Due to both the shortened channel length and lower sampling rate, the complexity is reduced by 1/N2. 
· For the RF/Front-End portion, there are no additional RF chains necessary due to Scalable UMTS operation. The main differences are due to the smaller Analog LPF bandwidth and the slower ADC sampling rate.
It can be concluded that Scalable UMTS has less UE implementation complexity when compared to UMTS.

[---------------------------------------------------------------- TEXT END -------------------------------------------------------------]
3
Conclusions

It is proposed to agree to and capture the text proposal on the impacts to UE implementation due to Scalable UMTS to the TR [2].
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