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1 Introduction
This document analyses the radio complexity aspects of a higher chip rate TDD UE as part of the “Analysis of higher chip rates for UTRA TDD evolution” SI.
A text proposal is attached for inclusion in TR25.895.

2 Complexity of Radio

The majority of the radio complexity is independent of the chip-rate used, as the analogue performance and power consumption is determined by the IF and RF frequencies.

Two circuit elements where this assumption is not true are the PA and the analogue baseband filter. The reasons for these exceptions are discussed below.

PA

In order to minimise co-existence issues between systems deployed in adjacent frequency bands with different chip rates, this study item has proposed that the adjacent channel emission limits from a 7.68Mcps terminal should still comply with the adjacent channel powers set out in 25.102 [3] for 3.84Mcps terminals. In circuit complexity terms, the same hardware can be used, but complying with the emission limits for the second adjacent 3.84Mcps channel imposes a higher linearity requirement on PAs transmitting 7.68Mcps signals. This increase in linearity does not represent an increase in PA complexity, but rather it manifests itself in a reduction in PA maximum power output. State of the art technology has shown that PA devices available today are more than capable of achieving the required adjacent channel power levels proposed by this study item for a class 2 UE (+24dBm). It is true that the equivalent 3.84Mcps terminal with the same power class will have greater margin than the 7.68Mcps terminal which would permit a slightly higher manufacturing yield. It could be argued that efficiency of the high chip-rate PA may also be lower, but in real terminal implementations, the PA is already optimised for the peak to mean ratios expected from the transmitter and as a result increased back-off (decreased efficiency) does not generally significantly improve the PA performance, provided the PA is not driven significantly into compression in the first place.

Analogue Baseband Filter

The baseband filter is one functional area where the power consumption and corresponding circuit complexity is directly affected by the chip rate. The function of the baseband filter is to act both as a channelisation filter and an anti-alias filter. The selectivity provided by the baseband filter helps the UE achieve its adjacent channel selectivity and in-band blocking specifications. Assuming that the ADC sampling rate must double for a 7.68Mcps UE, then the stop-band requirements of the baseband filter must also extend to a higher frequency in order to maintain a given level of anti-alias protection. This does not represent an increase in the complexity of the analogue baseband filter, but it does place a higher gain-bandwidth product requirement on the circuit elements used to implement the filter (assuming an active integrated filter). The necessary gain-bandwidth product can readily be achieved with existing technology, but in an optimised integrated implementation, the power consumption required will be greater than the equivalent 3.84Mcps filter and ADC. It could be argued that a steeper transition region is required when 7.68Mcps and 3.84Mcps systems are located on adjacent channels if a 7.68Mcps UE is required to achieve the same attenuation of 3.84Mcps signals in the analogue domain when compared to two adjacent 3.84Mcps or two adjacent 7.68Mcps signals. However, the RRC digital filter has a far superior transition region and provides the majority of the protection in the first part of the adjacent channel. Any complexity increase needed in baseband filtering is addressed by the RRC filter.
ADC and DAC

To support a higher chip rate, the ADC and DAC functions must operate at a higher rate. An ADC for the 7.68Mcps chip rate must operate at twice the speed of an ADC for the 3.84Mcps chip rate.

3 Text Proposal for TR25.895

It is proposed that the following text is added to section 5.5.1 of TR25.895.

<<<<<<<<<<<<<<<<<<<<<< START OF TEXT PROPOSAL >>>>>>>>>>>>>>>>>>>>

5.5.1.4 Radio Complexity
The majority of the radio complexity is independent of the chip-rate used, as the analogue performance and power consumption is determined by the IF and RF frequencies. Two circuit elements where this assumption is not true are the PA and the analogue baseband filter.
The linearity requirement of a higher chip rate TDD PA would be greater than at 3.84Mcps. This linearity requirement would manifest itself as a reduction in UE output power or a reduction in PA manufacturing yield. The gain bandwidth product of the UE analogue baseband filter of a higher chip rate TDD UE will increase: the increased gain bandwidth product is readily achievable, but may result in greater power UE power consumption than at 3.84Mcps. ADC and DAC components will have to operate at twice the speed at a higher chip rate compared to a 3.84Mcps TDD UE. 
5.5.1.5 Overall UE Complexity Increase

It is feasible to implement a joint detector that is approximately 2.6 times more complex at 7.68Mcps than at 3.84Mcps. Other UE functional blocks have complexities that are either not significant (e.g channel estimation, spreading / modulation) or do not increase significantly as the chip rate is increased (transport channel processing, HSDPA, microcontrollers). Given that a 3.84Mcps joint detector accounts for approximately 20% of UE complexity at 3.84Mcps, a UE may be constructed with a complexity at 7.68Mcps which is approximately 33% greater than at 3.84Mcps.

<<<<<<<<<<<<<<<<<<<<<<<<<<< END OF TEXT PROPOSAL >>>>>>>>>>>>>>>>>>>>>
