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1. Introduction

In this contribution a solution for the Release 5 "Transport Channel Coding Structure for HS-DSCH" is proposed. This is based on latest decisions made at the RAN1 meeting #22 in Korea.

Several structures and architectures, when 16QAM is the active modulation scheme, have already been proposed [2, 3, 4, 5, 6, 7]. They are based on the fact that within 16QAM modulated symbols bits are not equally protected, i.e. two bits are more reliable than the two others. The proposal described in this contribution is close to SMP [2, 3].

In this contribution, the coding and multiplexing chain is presented for both modulation schemes. When 16QAM is the active modulation scheme of the HS-DSCH, two modifications are proposed. When QPSK is used, it is proposed to keep the chain unchanged compared to its current status in the TR [1] after the RAN1 meeting in Korea.

No additional signalling is needed in downlink and it does not depend upon the redundancy version. The complexity increase is very small for implementing this solution.

As illustrated in the companion contribution [9] that contains simulation results, this technique and architecture provides significant gains compared to the existing chain when 16QAM is used.

2. Modifications of the Coding and Multiplexing Chain for 16QAM

It is proposed in this contribution to slightly modify two existing functionalities. The first one is the final bit collection step of the second stage rate matching as approved in Korea at RAN1 # 22. The second one is the second (and single) interleaver.

The proposal in this contribution is based on turbo trellis coded modulation (TTCM) theory [10, 11], simplified and adapted to the particular context of the HS-DSCH within R5, and basically keeping in mind the SMP proposal made within RAN1 [2, 3]. What remains from TTCM in the proposal described in this contribution is the bit-mapping technique for which, from the theory point of view, "each group of information bits is associated with its parity check bit". It means that in M-QAM modulated symbols parity check bits are associated with their corresponding systematic bit. Of course, this is optimum only for certain coding rates, such as ½ or ¾. In this contribution, the TTCM concept is adapted to the rate matching behaviour in order to work whatever the coding rate (after the two stage rate matching) is.

a. Modification of the Bit collection step of the second Rate Matching

The first modification is located in the final bit collection step of the second rate matching. It is proposed to include an enhanced bit to symbol mapping technique inherited from the SMP proposal [2, 3], when 16QAM is used, at this level of the algorithm. The principle is the same as in SMP, i.e. parity bits are assigned low reliability positions and systematic bits are assigned high reliability positions within 16QAM symbols.

This is what is indicated in Figure 1 in the box "Second Rate Matching + Bit Map", where "Bit Map" means that bits are mapped onto preferred positions when 16QAM is used.
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Figure 1: Physical layer Hybrid ARQ functionality

To illustrate the principle of the mapping technique performed at this level, let's consider the zi,k sequence in which bits to be punctured are equal to (. When reading this sequence zi,k and writing bits from zi,k to gi,k, those bits which are equal to ( are punctured. Instead of simply shifting bits as specified for R99, bits are also mapped to preferred positions.

In the Figure 2 below, some bits in the z sequence are to be punctured, in order to get a coding rate ½ after the rate matching.

If the same rule as in R99 is used for writing bits from the z sequence to the g one, then systematic bits are positioned at low reliability places.

Our proposal is to slightly modify the writing rule, when both systematic and parity bits are to be transmitted. Reading the z sequence, if the read bit is a systematic one, it is written at a high reliability position (HR) in g. On the other hand, if the read bit is a parity bit, it is written at a low reliability (LR) position. A solution for writing bits into g could be to write the first systematic bit read at the first HR position of the equivalent 16QAM symbol and the first parity bit read at the last LR position of the equivalent 16QAM symbol and so on. A more detailed description is presented in the annex of this contribution when puncturing is performed.

In Figure 2, grey shaded single cells represent systematic bits either in z or in g. Grey shaded double cells correspond to both high reliability position within 16QAM symbols.
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Figure 2: Bit mapping illustration for coding rate ½ and 16QAM

b. Modification of the second interleaver

The second functionality that we propose to slightly modify is the second (and single) interleaver. The interleaver is modified in such a way that groups of 4 bits are interleaved instead of bits taken individually, as it is done for R99.

The reason for doing this is that bits are mapped to specific positions within 16QAM modulated symbol mapping in the final bit collection step of the second rate matching, i.e. parity bits are assigned low reliability positions and systematic bits are assigned high reliability positions within 16QAM symbols. This mapping must remain unchanged after the interleaving step.

The second interleaver remains the same as for R99 (section 4.2.11 in [12]), at the exception that groups of 4 bits are interleaved instead of bits taken individually. The number of columns is still 30 and inter-column permutation rules remain the same. When 16QAM is used, it means that there are 30 columns of 4 bits, i.e. 30 columns of 16QAM symbols. 

Independently of the modulation scheme, this interleaver is also modified because of the TTI duration, i.e. the interleaving depth is now fixed (2 ms). With the same number of columns, it means that there are 5 times less rows in the interleaving matrix.

Keeping the same number of columns and the same permutation rules is motivated both by our own simulations and other parties' results presented on this issue, e.g. [8].

The "Transport Channel Coding Structure for HS-DSCH" with these two modified functionalities is depicted in Figure 3. The locations of the two modifications are highlighted by background grey ellipsoids. The first modification, i.e. the final bit collection within the second rate matching stage is indicated in the box "RM / RV parameter + Bit Map". The second one is indicated in the box "Symbol level interleaver".
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Figure 3: Transport Channel Coding Structure for HS-DSCH

3. Coding and Multiplexing Chain for QPSK

For QPSK, since both bits of QPSK modulated symbols have the same reliability, no particular technique needs to be implemented, such as those described in the previous section of this contribution or in other parties' proposals [2, 3, 4, 5, 6, 7]. 

It is proposed to keep the "Transport Channel Coding Structure for HS-DSCH" as approved in Korea at RAN1 # 22, with the two stage rate matching, as described in Figures 1 and 2 of [1].

It means that the bit mapping technique in the bit collection step of the second stage rate matching is disabled when QPSK is used and that the interleaver is performed at the bit level instead of the symbol level. More specifically, for the interleaver, the number of columns and inter-column permutation rules should remain the same as those specified for R99 (section 4.2.11 in [12]). The only difference compared to R99 is that the number of rows in the interleaving matrix corresponds to 3 time slots only.

4. Conclusions and Recommendations

Due to the very small complexity increase for implementing this solution, due to the fact that no additional signalling is needed in downlink, due to the fact that it does not depend upon the redundancy version, to the small impact on R99 existing functionalities (in the bit collection of the second rate matching and in the interleaver) and due to results provided in the companion document [9] that show that significant gains are achievable, it is recommended to consider this proposal for discussing and designing the Release 5 "Transport Channel Coding Structure for HS-DSCH".
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6. Annex.

In this annex, pseudo code and examples are provided for a more detailed description of the bit mapping part of the proposal, implemented in the bit collection of the second-stage rate matching. 

For implementing the bit mapping technique, additional pointers are required. The first one is the pointer on systematic bits within 16QAM symbols (systematic_pointer) and the second one is the pointer on parity bits within 16QAM symbols (parity_pointer). Then, a pointer on 16QAM symbols may be used for pointing onto the 16QAM symbol within the sequence g being filled (symbol_pointer). A local counter is also needed to count how many bits have been written within a particular 16QAM symbol (Nb_bit_in_Symb).

Systematic_pointer is initialised to 0, parity_pointer to 3, Nb_bit_in_Symb to 0. 

When a first systematic bit is read in z it is written in position 0 within the 16QAM symbol being filled and systematic_pointer is incremented (systematic_pointer ++). Nb_bit_in_Symb is incremented as well (Nb_bit_in_Symb ++).

When a first parity bit is read in z it is written in position 3 within the 16QAM symbol being filled and parity_pointer is decremented (systematic_pointer --). Nb_bit_in_Symb is incremented as well (Nb_bit_in_Symb ++).

When the counter on bits within a symbol Nb_bit_in_Symb becomes equal to 4, it means that 4 bits have been written in that symbol. Systematic_pointer is re-initialised to 0, parity_pointer to 3, Nb_bit_in_Symb to 0 and symbol_pointer is incremented to reflect the position within the sequence g of the next 16QAM symbol to be filled with bits from z.

In case of puncturing, whatever the bit is, i.e. systematic or parity, nothing is done, except that the pointer on the sequence z is incremented.

This is summarized in the following pseudo code. This has to be repeated until all bits in z have been read.

if (bit read in z is not to be punctured)

{

     if (bit read in z = parity bit)

     {

          Write this bit in g at position symbol_pointer*4 + parity_pointer
          parity_pointer --

          Nb_bit_in_Symb ++
     }

     else if (bit read in z = systematic bit)

     {

          Write this bit in g at position symbol_pointer*4 + systematic_pointer
          systematic_pointer ++

          Nb_bit_in_Symb ++
     }

}

if (Nb_bit_in_Symb == 4)

{

     systematic_pointer = 0

     parity_pointer = 3

     Nb_bit_in_Symb  = 0

     symbol_pointer ++

}

Now, further examples are provided for illustrating the behaviour of the bit mapping step introduced in the bit collection of the second stage rate matching.

Figure 4 recalls the principles of the bit collection in R99.
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Figure 4: Bit collection in R99

Figure 5 presents a more detailed description of the enhanced bit mapping solution performed in the bit collection of the second rate matching, when puncturing is performed, for a coding rate equal to ¾.
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Systematic_pointer  = 1; Parity_pointer = 2; Nb_bits_in_Symb = 2;
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Systematic_pointer  = 2; Parity_pointer = 2; Nb_bits_in_Symb = 3;
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	Fourth bit read in z: parity bit

Systematic_pointer  = 2; Parity_pointer = 1; Nb_bits_in_Symb = 4;
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Figure 5: Bit collection and bit mapping with puncturing for rate ¾
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