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1 Introduction
In the Orlando meeting, additional S/P bit interlacing or S/P separation was proposed as a way forward on channel interleaving. Both S/P bit interlacing and S/P separation are techniques to realize bit priority mapping (BPM). Traditional BPM refers to prioritizing the systematic bits by placing them in the high reliable bit positions of high-order constellation symbol, so the systematic bits can obtain more protection than parity bits. This bit mapping method is based on the principle that systematic bits are more valuable than parity bits, but we think that the gains from BPM are may be small. 
Incremental redundancy (IR) combining is the main method to enhance turbo decoding performance in LTE UL/DL HARQ link. All mother codeword bits achieving approximately equal protection are expected to achieve excellent performance in IR combination. Based on the above considerations, if we choose a good retransmission RV sequences, for example, we choose {0, 2, 1, 3} or {0, 2, 3, 1} as retransmission sequences with 4 RV defined for synchronized HARQ in LTE, we can obtain as equal protection on all mother codeword bits as possible. Based on the principle, in this contribution, we focus on a Direct BPM method that mapping the beginning bits of the transmitted HARQ packet to the high reliable bit positions of high-order modulation symbols rather than the systematic bits in S/P BPM method in [1]. The Direct BPM method is simple in implementation and can obtain higher throughput corresponding to the S/P BPM. The simulation results of the Direct BPM method prove it. Hence, it is suggested to adopt the Direct BPM approach and ensure optimal link performance for the LTE system.  
2 The theory of S/P BPM and Direct BPM
2.1 Unequal Protection(UEP) of high order modulation(HOM)
If 16QAM/64QAM have been applied, due to the neighbor relationship in the constellation, one modulation symbol can be denoted by 4/6 binary bits, each bit in them has different reliability, for 16QAM two bits have high reliability and anther two bits have low reliability, for 64QAM some two bits have high reliability and another two bits have medium reliability and the rest two bits have low reliability.

2.2 The explanation of S/P BPM (Systmatic/Parity BPM)
The principle of S/P BPM is that the systematic bits of the output of CBRM are given priority protection for each HARQ transmission.

During turbo decoding, systematic bits are more important than parity bits, so the most reliable signals can be applied for the transmission of systematic bits. 
The output of rate matching module need to be processed to implement S/P BPM, further there are two typical examples for the implementation of S/P BPM. One example is HARQ bit collection in HSPA [2], another example is S/P interlacing proposed by [1]. Two examples will produce the same output.
HARQ bit collection in HSPA [2]
The HARQ bit collection is achieved using a rectangular interleaver of size
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where Ndata is used as defined in 4.5.4.3.[2]
Data is written into the interleaver column by column, and read out of the interleaver column by column starting from the first column.

Nt,sys is the number of transmitted systematic bits. Intermediate values Nr and Nc are calculated using:
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If Nc=0 and Nr > 0, the systematic bits are written into rows 1…Nr.
Otherwise systematic bits are written into rows 1…Nr+1 in the first Nc columns and, if Nr > 0, also into rows 1…Nr in the remaining Ncol-Nc columns. The remaining space is filled with parity bits. The parity bits are written column wise into the remaining rows of the respective columns. Parity 1 and 2 bits are written in alternating order, starting with a parity 2 bit in the first available column with the lowest index number.

In the case of 16QAM for each column the bits are read out of the interleaver in the order row 1, row 2, row 3, row 4. In the case of QPSK for each column the bits are read out of the interleaver in the order row1, row2.
S/P interlacing [1]
S/P Interlacing is to write the output bits of the (conceptual) circular buffer directly into the rate matched output buffer. The systematic bits of the transmitted HARQ packet are written into ouput address 0, M, 2M, 3M etc. which correspond to the 1st row of the conceptual interlacer. Upon exhausting the 1st row, the writing continues into the 2nd row, i.e. into address 1, M+1, 2M+1, 3M+1, then the 3rd row etc. The parity bits are also read out of the circular buffer in the natural order, but unlike the systematic bits they are written in reverse order, starting form the end of conceptual interlacer, i.e. into address KM-1,(K-1)M-1,(K-2)M-1 etc. which correspond to the last row of the conceptual interlacer. Upon exhausting the last row, the writing continues into the last-but-one row, i.e. into address KM-2,(K-1)M-2,(K-2)M-2, then the last-but-two row etc. Where M is the number of bits per modulation symbol and K is the number of modulation symbols.
2.3 Direct BPM
The principle of Direct BPM is that the MSB bits of the output of CBRM are given priority protection for each HARQ transmission.

For the first HARQ transmission, this method also concludes that systematic bits are more important than parity bits and systematic bits should be protected first. However, different with S/P BPM, for the 2-th, 3-th and 4-th HARQ transmission, this method claims that codeword bits should be protected as equally as possible. As we know, if there are overlapping codeword bits for multiple HARQ transmission, chase combination is applied, then if the overlapping bits have less protection in the previous transmission, these bits should be given priority protection in the current transmission. In general, for multiple transmissions, the codeword bits should be given equal power as effort as we can do for turbo decoding. Similarly, priority protection can be implemented by the UEP characteristic of HOM.

The output of rate matching module need to be processed to implement Direct BPM, further there are two typical examples for the implementation of Direct BPM. One example is HARQ bit interleaving similar with bit collection in HSPA [2], another example is Direct interlacing. Two examples will produce the same output.
HARQ bit interleaving 

Similarly with HARQ bit collection of HSPA[2], a rectangular interleaver of size 
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where Ndata is the output size of circular buffer rate matching.
Data is written into the interleaver row by row, and read out of the interleaver column by column starting from the first column.

In the case of 64QAM for each column the bits are read out of the interleaver in the order row 1, row 2, row 3, row 4, row 5, row 6, these six bits shall be mapped into one modulation symbol, the first two bits shall be mapped into the high reliable bits of the symbol, the second two bits shall be mapped into the medium reliable bits of the symbol, and the last two bits shall be mapped into the low reliable bits of the symbol.  In the case of 16QAM for each column the bits are read out of the interleaver in the order row 1, row 2, row 3, row 4, these four bits shall be mapped into one modulation symbol, the first two bits shall be mapped into the high reliable bits of the symbol, the rest two bits shall be mapped into the low reliable bits of the symbol.  In the case of QPSK for each column the bits are read out of the interleaver in the order row1, row2. (The same as HSPA 25212-710 without CoRe)

Direct interlacing

Direct Interlacing is to write the output bits of the (conceptual) circular buffer directly into the rate matched output buffer. The bits of the transmitted HARQ packet are written into ouput address 0, M, 2M, 3M etc. which correspond to the 1st row of the conceptual interlacer. Upon exhausting the 1st row, the writing continues into the 2nd row, i.e. into address 1, M+1, 2M+1, 3M+1, then the 3rd row etc. Where M is the number of bits per modulation symbol and K is the number of modulation symbols.
2.4 relationship between S/P BPM and Direct BPM
Direct BPM is not a new thing, it only inherits and simplifies S/P BPM since it consider the fact that Rel6 rate matching algorithm has been changed into Circular buffer rate matching algorithm. Interestingly, if the sentences with underline in two example of S/P BPM are deleted, two examples of Direct BPM can be obtained.
Direct BPM can match circular buffer rate matching better than that of S/P BPM, which can improve the performance and throughput of multiple HARQ transmission, especially when 64QAM is applied or the code rate of the first transmission is lower than 0.5.
3 Detailed Description of Direct BPM
Figure 1 illustrates a simplified channel coding chain. Firstly, the bits of the information block are input to the QPP-based turbo encoder which produces mother codeword bits. Then the mother codeword bits are input to the circular buffer based rate matching and export the transmitted HARQ packet bits. After the rate matching, multiple HARQ packet bits are then concatenated and mapped to the modulation symbols. 
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Figure 1 simplified channel coding chain
The function of Direct BPM can be realized as part of the CB RM. The Direct BPM method is conceptually illustrated in Figure 2. After CB RM, the transmitted HARQ packet is rearranged into an M-row by K column rectangular interleaver, where M is the number of bits per modulation symbol and K is the number of modulation symbols. The bits of the transmitted HARQ packet are written into the rectangular interleaver row by row starting from the first row, and read out of the rectangular interleaver column by column starting from the first column. Assuming that the remaining processing chain preserves the MSB/LSB ordering, this operation has the character that the beginning bits of the transmitted HARQ packet are prioritizing mapped on the high reliable bit positions of high-order modulation symbols. Here we give an example to further illustrate the meanings. Suppose 16QAM, the first 1500 bits from CB RM are parity and last 500 bits are systematic. For the Direct BPM, it means that the first 1000 bits parity bits are placed in the reliable bit positions and next 500 parity and 500 systematic bits are placed in the less reliable bit positions. 
The above description and illustration are purely an aid for understanding the process of the Direct BPM method. In reality, we can also use bit interlacing to implement the function of Direct BPM. The interlacing can be implemented as part of the CB-based rate matching and dose not require any additional storage. This is achieved by reading bits out of the (conceptual) circular buffer, and written into output addresses 0, M, 2M, 3M etc, which correspond to the 1st row the rectangular interleaver. Upon exhausting the 1st row, the writing continues into the 2nd row, i.e. into addresses 1, M+1, 2M+1, 3M+1, then the 3rd row etc.

The advantages of the Direct BPM method corresponding to the S/P BPM method are as follows:
1. No need to judge the output bit of circular buffer is systematic bit or parity bit.
2. The bit interlacing operation of the Direct BPM is simplified corresponding to that of S/P BPM.
3. The Direct BPM method can obtain better performance than S/P BPM. (This point will be proved in the following simulation.) 
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Figure 2 Illustration of Direct BPM for 16QAM
4 Simulation 

4.1 Simulation Assumptions

Here, we give four group simulation assumptions for Direct BPM and S/P BPM. We choose two information block size {360, 5760} and two modulation type {16QAM, 64QAM} respectively.

1. The first group simulation assumptions are listed in table 1. The main purpose of the first group simulation is to show the throughput performance when the code block size is small and the modulation type is 16QAM.

Table 1 Simulation assumptions for Group 1.
	Parameter
	Value

	MCS
	16QAM (code rate =0.4, 0.5, 0.6, 0.7, 0.8)

	rate matching
	circular buffer, 
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 i=0,1,2,3

	RV sequence
	0,2,1,3

	#HARQ processes
	6

	Max number of HARQ attempts
	4

	OFDM symbol number
	[2, 2, 1, 1, 1] corresponding to each code rate

	sub-carrier number per OFDM symbol
	[450, 360, 600, 512, 448] contiguous sub-carrier per OFDM symbol corresponding to each code rate

	Antenna configuration(TX x RX)
	1x1

	Payload 1
	TBS+CRC=1440bit

4 code blocks 

	Frame structure
	Type1,normal CP

	Channel impulse response
	Static

	Sampling rate
	15.36 MHz


2. The second group simulation assumptions are listed in table 2. The main purpose of the second group simulation is to show the throughput performance when the code block size is small and the modulation type is 64QAM.

Table 2 Simulation assumptions for Group 2.
	Parameter
	Value

	MCS
	64QAM (code rate =0.4, 0.5, 0.6, 0.7, 0.8)

	rate matching
	circular buffer, 
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 i=0,1,2,3

	RV sequence
	0,2,1,3

	#HARQ processes
	6

	Max number of HARQ attempts
	4

	OFDM symbol number
	[1, 1, 1, 1, 1] corresponding to each code rate

	sub-carrier number per OFDM symbol
	[600, 480, 400, 344, 300] contiguous sub-carrier per OFDM symbol corresponding to each code rate

	Antenna configuration(TX x RX)
	1x1

	Payload 1
	TBS+CRC=1440bit

4 code blocks 

	Frame structure
	Type1,normal CP

	Channel impulse response
	Static

	Sampling rate
	15.36 MHz


3. The third group simulation assumptions are listed in table 3. The main purpose of the third group simulation is to show the throughput performance when the code block size is large and the modulation type is 16QAM.

Table 3 Simulation assumptions for Group 3.
	Parameter
	Value

	MCS
	16QAM (code rate =0.4, 0.5, 0.6, 0.7, 0.8)

	rate matching
	circular buffer, 
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 i=0,1,2,3

	RV sequence
	0,2,1,3

	#HARQ processes
	6

	Max number of HARQ attempts
	4

	OFDM symbol number
	[6, 5, 4, 4, 3] corresponding to each code rate

	sub-carrier number per OFDM symbol
	[600, 576, 600, 512, 600] contiguous sub-carrier per OFDM symbol corresponding to each code rate

	Antenna configuration(TX x RX)
	1x1

	Payload 1
	TBS+CRC=5760bit

1 code block 

	Frame structure
	Type1,normal CP

	Channel impulse response
	Static

	Sampling rate
	15.36 MHz


4. The fourth group simulation assumptions are listed in table 4. The main purpose of the fourth group simulation is to show the throughput performance when the code block size is large and the modulation type is 64QAM.

Table 4 Simulation assumptions for Group 4.
	Parameter
	Value

	MCS
	64QAM (code rate =0.4, 0.5, 0.6, 0.7, 0.8)

	rate matching
	circular buffer, 
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 i=0,1,2,3

	RV sequence
	0,2,1,3

	#HARQ processes
	6

	Max number of HARQ attempts
	4

	OFDM symbol number
	[4, 4, 3, 3, 2] corresponding to each code rate

	sub-carrier number per OFDM symbol
	[600, 480, 533, 458, 600] contiguous sub-carrier per OFDM symbol corresponding to each code rate

	Antenna configuration(TX x RX)
	1x1

	Payload 1
	TBS+CRC=5760bit

1 code block 

	Frame structure
	Type1,normal CP

	Channel impulse response
	Static

	Sampling rate
	15.36 MHz


4.2 Simulation Results
4.2.1 The Simulation Group 1
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Figure 3 DL simulation results. 16QAM. Information block size = 360.

4.2.2 The Simulation Group 2
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Figure 4 DL simulation results. 64QAM. Information block size = 360.
4.2.3 The Simulation Group 3
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Figure 5 DL simulation results. 16QAM. Information block size = 5760.
4.2.4 The Simulation Group 4
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Figure 6 DL simulation results. 64QAM. Information block size = 5760.
As can be observed, the performance advantages of the Direct BPM over the S/P BPM are obvious. 

1. In Figure 3 (16QAM, information block size = 360, code rate = 0.4, 0.5, 0.6, 0.7, 0.8), it can be seen that the throughput performance of the Direct BPM method outperform the throughput performance of S/P BPM in all code rate from 0.4 to 0.8. Especially in the low and median code rate (0.4~0.6), the Direct BPM method offers obvious throughput gains over that of S/P BPM. Meanwhile, we also observe the phenomenon that the gains become small when code rate increases.

2. In Figure 4 (64QAM, information block size = 360, code rate = 0.4, 0.5, 0.6, 0.7, 0.8), it can be seen that the throughput performance of the Direct BPM method outperform the throughput performance of S/P BPM in all code rate from 0.4 to 0.8. Especially in the low and median code rate (0.4~0.6), the Direct BPM method offers obvious throughput gains over that of S/P BPM. Corresponding to 16QAM, the Direct BPM method can obtain lager throughput gains. Meanwhile, The phenomenon that the gains become small when code rate increases also exists. 

3. In Figure 5 (16QAM, information block size = 5760, code rate = 0.4, 0.5, 0.6, 0.7, 0.8), the performance is similar with that in Figure 3. The gains that the Direct BPM brings remain when the information block size becomes large.

4. In Figure 6 (64 QAM, information block size = 5760, code rate = 0.4, 0.5, 0.6, 0.7, 0.8), the performance is similar with that in Figure 4. The gains that the Direct BPM brings remain when the 64QAM modulation type is used.
5 Conclusion and Proposal
Considering the fact that Rel6 rate matching algorithm has been changed into Circular buffer rate matching algorithm,

Direct BPM has been found. Direct BPM is not a new thing, it only inherits and simplifies S/P BPM. Furthermore, Direct BPM can be applied in UL and DL.
Based on the above discussion and simulation results, we conclude that the Direct BPM is superior over S/P BPM for the shared TrCH processing chain, with the following advantages:
1. The direct bit mapping method need not judge the output bit of CB RM is systematic bit or parity bit.
2. The operation of Direct BPM is simpler than that of S/P BPM.

3.  Most importantly, Direct BPM brings obvious throughput performance improvement than S/P BPM, especially when 64QAM is applied or the code rate of the first transmission is lower than 0.5.
Therefore, we suggest to adopt the Direct BPM as part of the LTE shared TrCH processing chain.
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