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1 Introduction

This document proposes a modification of the channel coding on the downlink when the UE is in soft handover. The current assumption is that the UE receives from the different BS in its active set the same encoded data flow for each DCH that uses the soft handover. The corresponding CCTrCH is though spread and scrambled by different sets of channelisation code and scrambling. In our proposal we suggest to apply different channel codings per BS, all the channel coding schemes being obtained by performing some puncturing on the same mother code. This scheme that we call here puncturing diversity is described  into more details. Preliminary simulation results are then shown. 

2 Proposed scheme

The current assumption is that the DCH that is in soft handover is encoded in the same manor by ll BS in the active set. At the reception side the UE combines the signals received performing some maximum ratio combining after de-scrambling and de-spreading. Operation is very similar to the processing used when applying Hybrid Type II ARQ assuming that the same channel coding is used for repetition. The only difference is that in the soft handover case this is a “site diversity” (both encoded data flow being transmitted at the same time) whereas in the hybrid Type II ARQ this is a time diversity. 

Our scheme consists in using different channel coding in the different BS that are in the active set. In the example of convolutional code, which is the working assumption for medium quality services, the channel coding schemes are all derived for the same “mother” code, by performing a different puncturing.  This is very similar to an Hybrid type II ARQ scheme in which the channel coding varies between the initial transmission and subsequent repetitions. An extreme case is when the code rate after puncturing is the double of the initial code rate, in which the scheme then because very similar to OTD, part from the fact that different scrambling codes are used.  

3 Evaluation of the proposed scheme

Simulation have been made, using the same approach as was adopted for the Turbo code phase 1, that relied on a symbol level modelling and simplistic channel models. The example we took in terms of services relies on convolutional codes we picked up from GSM for the TCH/14.4. Simulation assumptions and parameters are presented in the next section. Then simulation results are shown and analysed. 

3.1 Simulations assumptions

3.1.1 Service definition and channel coding

The following simulations have been made considering a data channel, close to the 14.4 kb/s (TCH/F14.4) service for the GSM, which corresponds to a 14.5 kbit/s air interface bit rate.

300 bits forming the frame are randomly generated. 4 tail bits are then added for the decoding.

This block is encoded with the ½ rate convolutional code, of constraint length 5, defined by the polynomials :


G0(D) = 1 + D3 + D4

G1(D) = 1 + D + D3 + D4
The 608 resulting bits are punctured in order to give a 2/3 rate code, leading to 456 bits that are then transmitted.

As explained before, the same frame is transmitted with different puncturing codes, and a different signal-to-noise ratio to simulate the position in the cell. 

At reception, both signals are combined in diversity. A Viterbi decoder giving hard bits is then used.

Choice of the two perforation matrices used for puncturing :

The elements of these matrices are only zeros and ones, corresponding respectively to deleted or kept coded bits. These matrices have 2 lines and 2 columns because of the ½ rate code transformed in a 2/3 rate code (see [1]).

- First of all, a matrix is chosen. It must lead to the best non-catastrophic 2/3 rate code (based on the maximal free distance and minimal number of incorrect paths at this distance).

- The second matrix is then built according two criteria : it must be equivalent to the first one, i.e. its columns are a permutation of the first matrix column, and the resulting codes have to be complementary, i.e. the sum of the two matrices leads to a matrix with no zero element.

The matrices finally used are 
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The following curves present the results of puncturing diversity, giving the BER according to the signal-to-noise ratio of the first branch. The signal-to-noise ratio difference between the two branches varies from 0 to 5 dB (figure 1 to 4).

On all figures are presented the BER curve for diversity combination with the same puncturing code (P1) to compare to the curve of the diversity combination with the two different codes.

3.1.2 Propagation model and power control

The propagation channel model used is an AWGN channel with fading. The interleaving is supposed to be perfect, i.e. the fading is independent for each transmitted bit.

No power control was used in our simulations.

3.1.3 Soft handover situation modelling

· We took the example of two BS in the active set. 

· In order to model the fact that in soft handover the received power from all BS is not equal we performed simulation in which the averaged Eb/No differs by x dB, where x0, 1, 3, 5 an 10dB. The Eb/No represented on the graphs corresponds tot he branch of highest power. 

3.1.4 Simulation results presentation

In our simulation we compare performance when using the same coding scheme on both branch, the P1 scheme (represented here as P1+P1) to a case in which different coding schemes are used relying  on differente puncturing matrixes P1 and P2 represented here as P1+P2. Test were also perfomed when using P2 on both branches for verification purposes to check that both matrixes are equivalent. Although not shown in the figures it appears that P1+P1 is equivalent to P1+P2.

3.2 Simulation results and analysis

Simulation results shown in the figures in the following pages show that our scheme allow to gain around 0.7 dB at a BER =10-3 upto 5dB difference in Eb/No between the two branches. When the difference increases then the gain decrease as can be shown for the 10 dB difference. 
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Fig-1
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Fig-2
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Fig-3
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Fig-4
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Fig-5
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Fig-6

4 Conclusion

In this contribution we presented a modified transmission scheme in soft handover, where the data flow is differently encoded by the different BS in the active set. The channel codings in the convolution code example corresponds to the same mother code, and are obtained by using different puncturing matrixes hence the name given to that scheme : puncturing diversity. The scheme was tested using a very simplified modelling approach as was used in the Turbo code phase 1. Under these assumptions the scheme exhibits some gain in the order of 0.7 dB. We are considering continuing our work on this scheme, improving in particular the modelling in the simulations. We would like to get some feedback from the UMTS L1 expert regarding the potential incorporation of the scheme in our documentation after more extensive evaluation is available.

5 References

[1] : Samir Kallel, “Complementary Punctured Convolutional (CPC) Codes and their Applications”, IEEE transactions on communications, vol 43, no 6, June 1995.

_974903695.unknown

_974903814.unknown

