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1 Summary
In last Kobe meeting, Bit priority mapping (BPM) was proposed in [1]. BPM refers to prioritizing the systematic bits by placing them in the most reliable positions of a constellation symbol in [1]. In this contribution, we extend the definition of BPM to Systematic bit priority mapping (SBPM) and Parity bit priority mapping (PBPM). SBPM refers to prioritizing the systematic bits by placing them in the most reliable positions of a constellation symbol. PBPM refers to prioritizing the parity bits by placing them in the most reliable positions of a constellation symbol.
In this contribution, we have given some simulation results and analysis of BPM & CoRe for higher order modulations (HOM). The simulation results show that the application of SBPM can obtain high throughputs especially in the first transmission. The gains of CoRe are obvious at low SNR region. In addition, BPM & CoRe can work together and protect systematic bits or parity bits alternatively in order to obtain the optimal link performance. In general, BPM & CoRe should be applied as part of the LTE shared TrCH coding chain.
2 BPM and CoRe
BPM was not a new technique and has been already used in HSDPA. In HSDPA, after Rel-6 Rate Matching, systematic bits and parity bits are processed by HARQ bit collection. The HARQ bit collection is implemented by using a rectangular interleaver. Data is written into the interleaver column by column, and read out of the interleaver column by column from the first column. The output of the HARQ bit collection are mapping into constellation symbols after I/Q branch-level interleaving. The mechanism ensures that the systematic bits can obtain higher protection than parity bits. 
CoRe is a method associated with higher order modulations and can be performed after BPM. Its purpose is to equalize variations in bit reliabilities by employing different mapping rules over successive HARQ retransmissions. This can improve the turbo decoding performance and reduce the retransmission numbers. The function of CoRe is performed by swapping MSBs with LSBs or inversion of logical values of LSBs. The best performance improvement from CoRe is obtained in the case of Chase combining in which the multiple retransmissions contain the same information. We also think that CoRe can be effective when overlapping occurs in Partial Incremental Redundancy HARQ.
3 Simulation 
3.1 Simulation Assumptions

In this contribution, we assume the simulation conditions as follows:
	Simulation Link
	DL HSDPA-like chain with OFDM radio interface(incl. bit collection, CoRe)

	TTI
	1ms

	FFT Size
	1024

	Code Structure
	QPP-based Turbo Coding

	Rate Matching Algorithms
	Circular Buffer Rate Matching

	MCS
	1/2 16QAM, 2/3 16QAM, 

3/4 16QAM, 5/6 16QAM

	TB size
	1920

	# HARQ processes
	6

	Maximum retransmission number
	4

	Channel Model
	AWGN

	Antenna configuration
	1×1


In the simulation, BPM is realized by the following steps:

1.
After QPP-based Turbo coding, systematic bits bit stream and the two parity streams are rearranged with its own sub-block interleaver. The circular buffer is formed by placing the rearranged systematic bits in the beginning followed by interlacing the two rearranged parity streams. 

2.
The start index of HARQ packet in the circular buffer is determined by the RV parameters. According to the HARQ packet size, codeword size and the start index of HARQ packet in the circular buffer, the end index of the HARQ packet in the circular buffer and the number of code bits wrapping around can be computed.

3.
According the parameters computed in the step 2, HARQ packet can be read out from the circular buffer.

4.
Systematic bits and parity bits of HARQ packet can be separated, and then be output into the HARQ bit collection.
5.
After the operation of bit collection, data bits are modulated according to the rule of bit priority mapping.
Herein, if the HARQ packet in step 3 doesn’t have systematic bits, HARQ packet can be directly output into the HARQ bit collection in step 4.
The following three options were simulated:
I: Chase Combination. 
Both SBPM and PBPM were used for the comparison between SBPM and PBPM, and CoRe was used. Circular buffer rate matching parameters are identical with [2], i.e. eight redundancy versions (RV) are set at ((6(i+1)(K/16(, where i is the RV number, K is the size of each stream. In this simulation, parameter i is the value {0}. For SBPM, with the increase of transmission number, the constellation rearrangement parameter b is selected from the values {0, 1, 2, 3} orderly. For PBPM, with the increase of transmission number, the constellation rearrangement parameter b is selected from the values {1, 0, 3, 2} orderly. Herein, the definition of parameter b is the same as that in HSDPA.
   II: Incremental Redundancy.

Both SBPM and PBPM were used for the comparison between SBPM and PBPM, and CoRe wasn’t used. The RV number takes the value  RVi+1=( RVi+δ) mod 8, whereδ=round((8×L)/(3×K)), and L is the transmitted HARQ packet size. In the first transmission, the RV number takes the value {0}.
   III: Incremental Redundancy.

Both CoRe and NoCoRe were used for the comparison between CoRe and NoCoRe, and SBPM was used. The RV number sequence is the same as simulation II. For CoRe, with the increase of transmission number, the constellation rearrangement parameter b is selected from the values {0, 1, 2, 3} orderly. 
3.2 Simulation Results
The simulation results are shown below in the static channel. 
3.2.1 Simulation I
The conclusion can be drawn from the following performance figures:
· SBPM & CoRe always leads to the better performance than PBPM & CoRe especially for the first transmission.
· The gain that SBPM brings becomes smaller when code rate increases. 
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3.2.2 Simulation II
The conclusion can be drawn from the following performance figures:
· SBPM has throughput advantage over PBPM in the first HARQ transmission.
· The gain that SBPM brings becomes smaller when code rate increases.
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3.2.3 Simulation III
The conclusion can be drawn from the following performance figures:
· Compared with SBPM & NoCoRe, SBPM & CoRe can bring obvious throughput improvement in the low SNR region.
· CoRe can bring obvious throughput improvement in the [1.5-3 dB] SNR region.
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4 Proposal
Based on our simulation results, SBPM can obtain obvious throughput improvement in the first transmission, since more systematic bits may be punctured in the first transmission for CBRM, then SBPM can provide more protection for systematic bits and obtain better performance improvements. CoRe is a method associated with higher order modulations which can improve the throughput performance after multiple retransmissions. Furthermore, BPM & CoRe can protect the systematic or parity bits according to the demand of the transmission number. In conclusion, we propose that both BPM and CoRe should be applied in the LTE shared TrCH coding chain. 
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