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A Close Look at the Penalty for Burst Size Expansion
1.
Introduction

To increase the spectrum efficiency, a new burst structure has been proposed for the GERAN Evolution feasibility study [1]. The basic idea is to combine 2/3/4 burst slots into one aggregated burst slot. The structure of the aggregated burst is similar to the normal bursts: one training sequence, which is 26 symbols as normal burst, and three tail symbols at both the beginning and end. In the initial proposal, the training sequence is placed at the center of the first normal slot position. In GERAN 29, proposal [2] recommended that the training sequence was placed in middle of the aggregated burst to reduce the burden of the equalizer tracking, thus improving the data recovery performance. 

Paper [2] and [3] presented the initial data recovery performance for the new burst structure. Both papers showed performance degradation of the aggregated bursts relative to the standard bursts due to the enlarged channel tracking distance from the training sequence. To better understand the penalty paid for the increased data rate with the new burst structure, this paper investigates how the degradation is distributed along the aggregated bursts. The understanding of the penalty distribution on the expanded portion of the aggregated burst helps us better evaluate the value of the new burst structure and may help a better design of channel coding or interleaving scheme for the new burst structure to mitigate the impact. 
2.
Simulation Setting

The purpose of the simulation is to investigate the degradation structure of the new bursts. The simulation is designed to have a 26-symbol training sequence in the middle of the aggregated burst, and 4 segments of symbols are placed on each side of the training sequence and 3 tail symbols on each end as shown in Figure 1. The 4 segments correspond to the message symbols of the standard burst, 1st burst expansion, 2nd burst expansion, and 3rd burst expansion. The raw BER of the symmetric pairs of the symbol segments are collected. Name the pair closest to the training sequence the Segment-I and the pair that is 2nd closest to training sequence the Segment-II, and so on; giving us Segment-I, Segment-II, Segment-III, and Segment-IV, see Figure 1.
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Figure 1. The burst structure used in the simulation analysis

3. Simulation Results and Analysis
The raw BER of the Segment-I, Segment-II, Segment-III, and Segment-IV are shown in Figure 2. The Segment-I performance can be considered as the performance of the standard burst. The equalizer is a well-known adaptive equalizer, which is per-survivor based adaptive RSSE. It is shown that the penalty accelerates as each legacy burst slot is added into the aggregated burst. On each step of the burst size expansion, the date rate increase of the expanded portion is (156-116)/116 =34.5%. The penalty of the expanded portion in difference levels of the expansion is given in Table-1.  

[image: image2]
Figure 2. Raw BERs of Segment-I,II,II,IV, and aggregated burst
It is shown that the penalty accelerates as each legacy burst is added into the aggregated burst. The penalty will get worse for higher speed fading such as RA250. As the center frequency goes to 1900MHz, extra penalty can be expected. Although equalizer improvement can reduce the acceleration, the penalty structure will not be shifted dramatically. Thus as each legacy burst is added to the new burst, the value is diminishing, and it even could contribute negatively.  
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Table 1. Date rate increase on each level of expansion vs. its cost in TU50 and HT100
The normalized goodputs of the different levels of aggregation are given in Figure 3, which is defined as the product of the (1-RBER) multiplied by the ratio of number of information symbols to the total symbols sent. It can be seen that 2-burst aggregation gives the most gain in terms of goodput. The value of expansion from 3-burst aggregation to 4-burst aggregation is minimal. Actually, for higher speed fading in 1900MHz, adding the 4th burst could contribute negatively.
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Figure 3. Goodput with different level of aggregation

It is important to point out that in interference limited cases, the penalty can be even worse since the variation of interferes across a standard burst boundary can be dramatic, which disturbs the equalizer tracking for the new burst structure.

4. Conclusions
It is shown that the penalty accelerates as each legacy burst is added into the aggregated burst. Although equalizer improvement might reduce the acceleration, the penalty structure will not be shifted significantly. In general, as each legacy burst is added to the aggregation, the value is diminishing. Especially, the value of adding the 4th burst into the aggregation is minimal and even disturbing. 

The uneven date reliability of the aggregated burst should also be considered in the design of interleaving or channel coding to minimize the impact on the BLER.
It is proposed to include the section 2 and 3 of this contribution in the GERAN Evolution feasibility study document.
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