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1. Summary
In this contribution, we study the merits of bit priority mapping (BPM) and constellation rearrangement (CoRe) for higher order modulations (HOM). The simulation results show that the availability of BPM is important in achieving high throughputs and ensuring optimal LTE performance. The gains of CoRe, on the other hand, become visible only at low throughputs (<30% peak) for MCSs which are of practical importance in HOM.

This leads us to the conclusion that including BPM as part of the LTE shared TrCH coding chain and excluding CoRe leads to a good balance between performance and complexity.
2. Terminology and Discussion

BPM refers to prioritizing the systematic bits by placing them in the most reliable positions of a constellation symbol. One example of BPM is the bit collection mechanism present in HSDPA, together with an I/Q branch-level interleaver. Systematic bits are more valuable than parity bits and thus a performance improvement achieved, at least for the first HARQ transmission.  

CoRe is again a method associated with higher order modulations and in HSDPA can be performed after BPM. Its purpose is to change the mapping of the bits within a symbol in an attempt to average out the bit reliabilities over successive HARQ retransmissions. This leads to more efficient turbo decoding and lower block error probability. The best performance improvement from CoRe is obtained in the case of Chase combining, i.e. when multiple transmissions contain identical information.

It should be noted that, for reasons of spectral efficiency, the lowest coding rates which are of practical importance for HOM are different from QPSK. In the case of 16QAM, they lie in the range of 0.4–0.5, and in the case of 64QAM in the range of 0.6–0.7. Thus, the highest HARQ gain is achieved through incremental redundancy, rather that CoRe, at least in the initial HARQ attempts.
3. Simulation Results

3.1. Simulation Assumptions

· DL simulations, HSDPA-like chain (incl. turbo coding with QPP I/L, Rel-5 rate matching, bit collection, CoRe, channel interleaving) with OFDM radio interface.
· TTI = 1 ms.

· 6 HARQ processes.

· Transport block size + CRC: 1024 bits.

· MCS: 1/2 16QAM, 2/3 64QAM.

· Propagation: static, TU 3 km/h

· Antenna configuration: 1x1 (static), 1x2 (TU3)
· BPM and CoRe setup: the following three options were simulated:

· I: Both BPM & CoRe present. Rate matching parameters s and r may take on the values {0,1} and the b parameter values {0,1,2,3}.
· II: BPM present, CoRe absent. Rate matching parameters s and r may take on the values {0,1} and the b is always set to 0.
· III: BPM and CoRe absent, as a reference. Rate matching parameters s and r may take on the values {0,1} and the b is always set to 0. The absence of BPM is obtained through performing channel interleaving bitwise, instead of symbolwise.
· The redundancy version sequence is optimized separately for each MCS and each option I, II, III, within the constraints described above.
3.2. Simulation Results

The simulation results are shown below in the static channel and TU at 3 km/h. The following can be observed from the performance figures:
· As expected, the presence of BPM and CoRe always leads to the best performance, and the absence of BPM and CoRe to the worst.

· For throughputs of 30% peak or higher, there is no or very little gain from CoRe (c.f. BPM & CoRe vs. BPM & NoCoRe).

· For low throughputs of 30% peak or lower, the presence of CoRe leads to gains of up to 0.4 and 0.8dB in the static channel, and up to 0.3 and 0.6dB in TU3. It should be noted that a throughput of less than 33% corresponds to two HARQ retransmissions, a case that should typically be avoided in order to limit delay.
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4. Proposal

Based on the above results, we propose to include BPM in the LTE shared TrCH coding chain, but exclude CoRe. This has the following consequences:

· LTE is competitive against HSDPA for high throughput MCSs.

· Lack of CoRe incurs an acceptably low performance penalty in the case of high MCS and a large number of HARQ retransmissions, but the latter should only happen seldom anyhow.

· Lack of CoRe simplifies the processing chain and reduces the testing effort.

· Lack of CoRe can reduce the HARQ signalling load (although that is dependent on the precise defininion of HARQ signalling).
Finally, it is noted that Rel-5 rate matching was employed in the above study due to its superior performance, but we expect that the results would not change in favour of CoRe if a different rate matching algorithm were used.











































































































































































































