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1. Introduction 

With 16QAM and Chase combining, it has been shown that using different bit to symbol mappings for the retransmissions gives clear performance gain [1], [3]. In [1], a signal constellation rearrangement method was described for 16QAM. The idea is to change the constellation for retransmissions so that different bits are more reliable in each transmission. In [2], an alternative solution with simpler implementation was given using simple bit shifting. In [3], simulation results for both schemes were presented and showed that after one or two transmissions there are practically no differences. After three and four transmissions, the scheme presented in [1] gave some performance gain. In [4], additions to the scheme presented in [2] were presented. With these additions the performance of the schemes is identical, but the scheme in [4] is easier to implement since only bit level operations are needed, i.e., modulator and demodulator are always the same.

In this contribution we present an alternative implementation for the scheme presented in [4] which can be used with symbol based solutions, such as SMP.

2. Method description

Here two alternative constellation rearrangement schemes are presented. The first one is the scheme presented earlier in [2] and [4], and it is a simpler solution for bit interleaving schemes, such as partially filled interleaving scheme presented in [5]. The alternative scheme is slightly more complex and is better suited for symbol level interleaving schemes.

2.1 Scheme with bit shifting

For 16QAM, after the first transmission, half of the i1 and q1 bits are more reliable and other half of i1 and q1 as well as all i2 and q2 bits are less reliable.

For the first retransmission a shift of 2 bits is performed, i.e., the last two bits are moved from the end of the block to the beginning of the block before mapping the bits to 16QAM symbols. This operation swaps the ‘more reliable’ bits and the ‘less reliable’ bits, i.e., the bits that were the i1 and q1 bits in the first transmission will be the i2 and q2 bits in the first retransmission and vice versa.
For the second retransmission, the bits are ‘scrambled’ with 001100110011… sequence, i.e., in each symbol the two last bits are inverted. This ‘moves’ the innermost constellation points to the corners and the corner points to the innermost points as well as swaps the other two points in each quadrant. This swaps the more and less reliable bits in a deterministic way. As an example, consider the symbol 0000: in the first transmission it will be transmitted as one of the innermost constellation points and therefore all the bits are less reliable. In the second retransmission (after scrambling with 0011) it will be transmitted as a corner point having two first bits more reliable (the i1 and q1 bits).

For the third retransmission, a shift of 2 bits is first performed and then the sequence is ‘scrambled’ with 001100110011… sequence.

If all these different bit arrangements are signaled, two signaling bits are required. Then the ‘redundancy’ versions for Chase combining would be:

version
Operation
Bits in symbol

00
None
b1(k),b2(k),b3(k),b4(k)

01
2 bits shift
b3(k-1),b4(k-1),b1(k),b2(k)

10
Scrambling with 0011
b1(k),b2(k),b3(k),b4(k)

11
2 bits shift and scrambling with 0011
b3(k-1),b4(k-1),b1(k),b2(k)

The bit sequence to modulator is assumed to be b1(0),b2(0),b3(0),b4(0),b1(1),b2(1),b3(1),b4(1),…, b1(k),b2(k),b3(k),b4(k), i.e., k is the symbol index.

2.2 Alternative scheme with bit swapping within each symbol

In this scheme instead of shifting 2 last bits of the block to the beginning of the block, the bits within each symbol of four bits are swapped, i.e., the first two bits of each symbol are swapped with the last two bits of the same symbol for the first retransmission. The second retransmission is the same as in above scheme, i.e., each symbol is scrambled with 0011 (two last bits inverted). The third retransmission uses both swapping and scrambling.

The ‘redundancy’ versions for Chase combining would be

version
Operation
Bits in symbol

00
None
b1(k),b2(k),b3(k),b4(k)

01
Swap 2 first and 2 last bits
b3(k),b4(k),b1(k),b2(k)

10
Scramble with 0011
b1(k),b2(k),b3(k),b4(k)

11
Swap 2 first and 2 last bits and scramble with 0011
b3(k),b4(k),b1(k),b2(k)

3. Discussion

We have presented two alternative ‘constellation rearrangement’ schemes which have the same functionality (and therefore also the same performance) as the scheme in [1] and which can be implemented at bit level. Therefore, in the receiver the demodulation operation is always the same and can be performed before knowing the bit arrangement version. 

To signal all these versions, two bits are needed. If only two versions were used (versions 0 and 1 above, i.e., only 2 bits shift or swapping), then only one signalling bit would be required. One may argue whether the second signalling bit is useful since it is needed to improve the performance of the third and forth transmissions (second and third retransmissions) only. Although the improvement for these particular transmissions can be significant, the overall throughput improvement may be marginal. Furthermore, this scheme is most useful with Chase combining.

These rearrangement schemes improve the performance of retransmissions. The performance of the first transmission can be improved in a simple way by using the partially filled bit interleaver presented in [5]. An alternative (more complex) way to improve the performance of the first transmission is to map the systematic bits to the more reliable positions and use symbol interleaving (cf., SMP). Here we have presented alternative bit arrangement schemes, one especially suitable for bit interleaving and the other for symbol interleaving.

4. Conclusions and recommendation

We have presented two alternative ‘constellation rearrangement’ schemes which have the same functionality (and therefore also the same performance) as the scheme in [1] and which can be implemented at bit level. Therefore, in the receiver the demodulation operation is always the same and can be performed before knowing the bit arrangement version. 

In order to save in the signalling, we propose to use only two different versions. Thus only one bit is needed in the signalling. We recommend to use the bit shifting scheme presented in Chapter 2.1 together with the bit interleaving scheme presented in [5]. The bit arrangement version is proposed to be signalled on HS-SCCH as one incremental redundancy version. Then the IR redundancy versions could be, for instance:

IR version


00
Self decodable version done with Rel99 rate matching

01
Same as 00 but with 2 bits shifting

10
Parity only version

11
Another parity only or another self decodable version

Chase combining would use versions 00 and 01, IR could use all the versions.

We recommend to include the bit arrangement scheme into the TR [6] as one redundancy version.
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