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1. Introduction

The SI S-UMTS (Scalable UMTS) was introduced in RAN#58 meeting [1]. UE Implementation complexity has been discussed in [2] and [3], as well as other aspects such as target scenarios, candidate solutions, latency, coverage, and so on, in the past RAN1meetings. However the network side implementation complexity has not been discussed yet.
This contribution presents analysis of impact on UTRAN implementation due to S-UMTS. A corresponding text proposal is also provided in the Annex.
2. Discussion
2.1 Receiver

2.1.1  RF and Digital Front-end
One example of front end implementation for UMTS and TIME-DILATED UMTS receiver is shown in Figure 1. Received Signal is filtered to the LPF after RF down-conversion and then is sampled to generate digital signals (ADC) for the rest of the receiver chain, i.e. carrier separation, pulse shaping filter and demodulation. 
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Figure 1: Example Block Diagram of RF and digital Front-end
Comparison:
· The analog low pass filter (LPF) handles a narrower bandwidth (5/N MHz) for TIME-DILATED UMTS and 5 MHz bandwidth for baseline UMTS. 
· The ADC sampling rate decreases to 1/N of the baseline.

· The pulse shaping filter handles a narrower bandwidth (5/N MHz) for TIME-DILATED UMTS and 5 MHz bandwidth for baseline UMTS. 
2.1.2  Base-band Detector
The receiver is required to perform path search, channel estimation, de-spreading and equalization. 
The complexity of search and channel estimation is scaled with sampling rate (denoted as R) and CIR (channel impulse response) length (denoted as L), i.e. o(R*L). The complexity of search and channel estimation for TIME-DILATED UMTS is reduced to 1/N2, since both sampling rate and CIR length are reduced to 1/N of those for UMTS receiver due to the time duration is dilated by N times for TIME-DILATED UMTS.  
To de-spread signal with a specific SF per path, the complexity is scaled with sampling rate, i.e. o(R); hence the complexity of de-spreading for TIME-DILATED UMTS is reduced to 1/N of the complexity for UMTS. If the de-spreading operation is performed after equalization, we only have to execute one path de-spreading operation, and hence the complexity of TIME-DILATED UMTS is reduced to 1/N of complexity for UMTS. Otherwise, if the de-spreading operation is performed before equalization, the complexity should also be multiplied by path number, and the path number may keep the same or be reduced down to 1/N at most for TIME-DILATED UMTS. Therefore, the total complexity of de-spreading for TIME-DILATED UMTS may be between 1/N to 1/N2 of complexity for UMTS. 
The equalization complexity is related to the equalization method and perhaps the symbol rate. If it is a rake receiver and performed after de-spreading, the equalization complexity is scaled by symbol rate (denoted as Rs ) and path number (denoted as Np), i.e. o(Rs*Np). Then the complexity of TIME-DILATED UMTS is down to 1/N of that for UMTS if the symbol rate is the same as UMTS. If it is a linear MMSE equalization, and assume the update cycle for equalization coefficient keep the same for both UMTS and TIME-DILATED UMTS, then the complexity of TIME-DILATED UMTS is about 1/N3 of UMTS, since the complexity of LMMSE is scaled with the sampling number in a equalization window (denoted as W), i.e. o(W3) and the W for TIME-DILATED UMTS is reduced to 1/N of that for UMTS. 

2.1.3  Base-band Decoder
The processing of decoder of TIME-DILATED UMTS is the same as UMTS for a transport block with a specific size per TTI, which means the peak rate or throughput is 1/N since the TTI length of TIME-DILATED UMTS is dilated by N times, hence the complexity is 1/N of the UMTS FDD system. 

2.2 Transmitter

2.2.1 Base-band process

The transmitter need perform encoding, modulation, spreading, scrambling and so on. All the same operation, assuming for the same TBS, is processed in N time longer TTI for TIME-DILATED UMTS, comparing to UMTS FDD system, therefore the total complexity of TIME-DILATED UMTS is 1/N of UMTS system. 
2.2.2  RF and Digital Front-end
Similar to the same part of receiver, the TIME-DILATED UMTS system requires a narrower bandwidth (5/N MHz) low pass filter, lower sampling rate(1/N) ADC and narrower bandwidth (5/N MHz) pulse shaped filter. 
3. Conclusion
From the complexity analysis above, for many of the sub-systems, the complexity impact is reduced to more or less 1/N. 
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Annex: text proposal
[------------------------------------------------------------- TEXT START --------------------------------------------------------------]
7.1.4
Impacts on the NodeB RF and baseband
The simulated time-dilated UMTS system in this TR assumed the same sampling rate as the UMTS system. This complexity analysis is based on scaled-down sampling rate.
7.1.4.3.1 Network receiver

7.1.4.3.1.1 RF and Digital Front-end
One example of front end implementation for UMTS and time-dilated UMTS receiver is shown in Figure 1. The received signal is filtered to the LPF after RF down-conversion and is then sampled to generate digital signals (ADC) for the rest of the receiver chain, i.e. carrier separation, pulse shaping filter and demodulation. 
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Figure 1: Example Block Diagram of RF and digital Front-end
Comparison:

· The analog low pass filter (LPF) handles a narrower bandwidth (5/N MHz) for time-dilated UMTS and 5 MHz bandwidth for baseline UMTS. 
· The ADC sampling rate decreases to 1/N of the baseline.

· The pulse shaping filter handles a narrower bandwidth (5/N MHz) for time-dilated UMTS and 5 MHz bandwidth for baseline UMTS. 
7.1.4.3.1.2 Base-band Detector
The receiver is required to perform path search, channel estimation, de-spreading and equalization. 
The complexity of search and channel estimation is scaled with sampling rate (denoted as R) and CIR (channel impulse response) length (denoted as L), i.e. o(R*L). The complexity of search and channel estimation for time-dilated UMTS is reduced to 1/N2, since both sampling rate and CIR length are reduced to 1/N of those for UMTS receiver due to the time duration is dilated by N times for time-dilated UMTS.  

To de-spread signal with a specific SF per path, the complexity is scaled with sampling rate, i.e. o(R); hence the complexity of de-spreading for time-dilated UMTS is reduced to 1/N of the complexity for UMTS. If the de-spreading operation is performed after equalization, we only have to execute one path de-spreading operation, and hence the complexity of time-dilated UMTS is reduced to 1/N of complexity for UMTS. Otherwise, if the de-spreading operation is performed before equalization, the complexity should also be multiplied by path number, and the path number may keep the same or be reduced down to 1/N at most for time-dilated UMTS. Therefore, the total complexity of de-spreading for time-dilated UMTS may be between 1/N to 1/N2 of complexity for UMTS. 

The equalization complexity is related to the equalization method and perhaps the symbol rate. If it is a rake receiver and performed after de-spreading, the equalization complexity is scaled by symbol rate (denoted as Rs ) and path number (denoted as Np), i.e. o(Rs*Np). Then the complexity of time-dilated UMTS is down to 1/N of that for UMTS if the symbol rate is the same as UMTS. If it is a linear MMSE equalization, and assume the update cycle for equalization coefficient keep the same for both UMTS and time-dilated UMTS, then the complexity of time-dilated UMTS is about 1/N3 of UMTS, since the complexity of LMMSE is scaled with the sampling number in a equalization window (denoted as W), i.e. o(W3) and the W for time-dilated UMTS is reduced to 1/N of that for UMTS. 

7.1.4.3.1.3 Base-band Decoder
The processing of decoder of time-dilated UMTS is the same as UMTS for a transport block with a specific size per TTI, which means the peak rate or throughput is 1/N since the TTI length of time-dilated UMTS is dilated by N times, hence the complexity is 1/N of the UMTS FDD system. 

7.1.4.3.2  Network transmitter

7.1.4.3.2.1 Base-band process

The transmitter need perform encoding, modulation, spreading, scrambling and so on. All the same operation, assuming for the same TBS, is processed in N time longer TTI for time-dilated UMTS, comparing to UMTS FDD system, therefore the total complexity of time-dilated UMTS is 1/N of UMTS system. 
7.1.4.3.2.2 RF and Digital Front-end
Similar to the same part of receiver, the time-dilated UMTS system requires a narrower bandwidth (5/N MHz) low pass filter, lower sampling rate(1/N) ADC and narrower bandwidth (5/N MHz) pulse shaped filter.
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