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Variable-sized Radio Blocks – Simulation Results

1. Introduction

In GERAN#27, the general concept of using variable-sized radio block was presented, as a way of reducing latency when sending small amounts of data, without modifying the existing MAC allocation.

In this paper, we address concerns raised at G#27 regarding the performance of this scheme, particularly for the header.

We also compare the new coding schemes with legacy schemes with comparable code rates and with comparable data capacity.

We consider only the use of 2-burst VSRB as this represents the best trade-off between performance increase (reduction in latency by 10ms) and increased overhead.

2. Simulation Parameters

Simulations are performed for normal BTS and the physical channel used is the TU3 idFH channel. Interleaving is done by random permutation of the bits and new puncturing patterns are used to achieve the required number of output bits after coding for VSRB blocks. It should be noted that the performance of the VSRB might be further optimised by changing the interleaving and puncturing patterns. Simulations are run for 10000 frames at each C/I point. 

3. Header Error Rate

The proposed change in the way the header is mapped onto bursts is shown in Figure 1.  This allows the receiver to decode both the header and data having received only 2 bursts.
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Figure 1 - Header sent in first two bursts
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Figure 2 - VSRB Header Probability
In Figure 2 we plot the probability of (MCS-7/8/9) header error for TU3 with ideal frequency hopping.  We also plot, for reference, the BLER for MCS-7 and MCS-9.
The probability of an error in the legacy header is negligible, and is not plotted.
As can be seen from the figure, the reduction of frequency diversity does have an impact on the probability of header error, however, this remains negligible compared to the overall probability that the data block will be received in error. It should be noted that the data error rate includes the header error rate. In other words, the entire data block is treated to be in error when there is a header error. 
4. Equal Code Rate Comparison

As described in GP-052598, the underlying code rate for the data sent in the first two blocks would be the same as in the existing coding schemes.  The proposed arrangement of data using VSRB is shown in Figure 3.
Although the code rate will remain the same, the performance may suffer due to reduced frequency diversity.
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Figure 3 - Arrangement of Data using VSRB
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Figure 4 - BLER Comparison between VSRB (2-bursts) and legacy MCS
Because there is no interleaving between the first and second pairs of bursts in MCS-9, there is no difference in the block error rate for VSRB-MCS-9 and legacy MCS-9.

For MCS-7, the legacy interleaving scheme spreads the data bits of a single block over all four bursts where as the new interleaving scheme spans only across two bursts; hence, there is some degradation of performance for VSRB compared with the legacy scheme: approximately 2dB at 10% BLER as shown in the above Figure. The loss is mainly due to the loss in frequency diversity in case of frequency hopping scenarios.
5. Equal Data Load Comparison

In practice, when transmitting small amounts of data, lower coding schemes may be used in preference to using a higher rate coding scheme with extra padding.
This has the benefit that small amounts of data are transmitted more robustly, reducing the probability that a retransmission will be required.

In order to give comparable performance, it is proposed that, for VSRB, redundant information is sent in the second pair of bursts; if decoding is not successful after two bursts, then incremental redundancy is used, as shown in Figure 5.
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Figure 5 - Use of Incremental Redundancy
VSRB-MCS-9 (2 bursts) can transmit approximately the same amount of data as MCS-6; VSRB-MCS-7 (2 bursts) can transmit approximately the same amount of data as MCS-5.  In the Figure 6 we compare the BLER for each VSRB scheme, decoded after all four bursts have been received, and legacy MCS-5 and 6.
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Figure 6 - Comparison of BLER between VSRB (4-bursts) and legacy MCS
As can be seen from the graph, there is almost no difference in performance between using VSRB with incremental redundancy, and the lower encoding scheme carrying the same amount of data.

6. Conclusion

To summarize these findings:

· Reduction in frequency diversity has some impact on the header error rate; however this has negligible impact on the overall BLER

· For MCS-9, the performance using VSRB (decoded after 2 bursts) is the same as for the legacy scheme

· For MCS-7, VSRB decoded after 2 bursts is slightly worse than legacy MCS-7 (by no more than 2.5dB @ BLER > 10%, and by no more than 1dB for BLER > 25%).
· If incremental redundancy is used, the performance (after all four bursts are received) is the same as the corresponding legacy coding scheme carrying the same amount of data.

The implications of these results is that there is no performance degradation (in terms of BLER) from using VSRB, compared with using existing schemes: a VSRB-MCS-9 block will be decoded with the same probability as an MCS-9 block; if that fails, then decoding with IR will succeed with the same probability as using MCS-6.

The only negative implication is that, to get the same BLER as legacy MCS-5/6, the receiver would have to make two decodings; however if this can not be done, then the mobile could optionally attempt to decode the data only after four bursts.
7. Proposed Text for Feasibility Study

It is proposed that the text of this document, sections 2-6 inclusive, be incorporated into the GERAN Evolution Feasibility study.
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