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1 Introduction
In a LTE system, when the transport block is large, the transport block is segmented into multiple code blocks so that multiple coded packets can be generated, which is advantageous because of benefits such as enabling parallel processing implementation. If multiple code blocks are generated and transmitted in one TTI, the receiver may correctly decode some of the code blocks but not the others. In that case, the receiver has to feedback a NAK to the transmitter because the CRC for the transport block will not check. Therefore, the overall performance for large transport blocks is dictated by the “weakest link”, i.e., the code block with the worst performance. 
For convenience, the transmitter side HARQ components of HS-DSCH in HSDPA are shown in Figure 1. The hybrid ARQ functionality matches the number of bits at the output of the encoder to the total number of bits available in the physical layer. The hybrid ARQ functionality is controlled by the redundancy version (RV) parameters. The exact set of bits at the output of the hybrid ARQ functionality depends on the number of input bits, the number of output bits, and the RV parameters. The hybrid ARQ functionality consists of two rate-matching stages and a virtual buffer. The first rate matching stage matches the number of input bits to the virtual IR buffer. Note that, if the number of input bits does not exceed the virtual IR buffering capability, the first rate-matching stage is transparent. The second rate matching stage matches the number of bits after first rate matching stage to the number of physical channel bits available in physical layer.
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Figure 1. High-speed downlink shared channel (HS-DSCH) hybrid ARQ functionality

2 LTE channel interleaver for multiple code blocks
In LTE, the modulation symbols in physical layer may experience very different channel conditions. This situation is quite different from HSDPA as the modulation symbols experience more or less the same channel condition in a TTI in HSDPA. Therefore, the design of channel interleaver needs to take into account this characteristic of LTE. In addition, as the largest code block size is set to 6144 while the peak rate is about 50 Mbps per codeword. The number of code blocks in a MIMO codeword can be 8 or 9. Thus code block segmentation will happen quite often in real system operations. The channel interleaver needs to make sure each code block receives as equal protection as possible to optimize performance. 
The HSDPA system assumes the systematic bits of all code blocks are placed together followed by the parity 1 bits of all coded blocks and then followed by the parity 2 bits of all coded blocks. In LTE, however, in order to achieve equal protection on each code block, we propose to perform the entire rate matching process separately for the code blocks, as shown in Figure 2. In this implementation, the encoder output of each code block is passed through a separate rate matching process. This design allows parallel implementation of rate matching for multiple code blocks. Preferably, all the code block have the same configuration to remove the need of re-configuring the hardware for different code block sizes. However, given the working assumption allows multiple encoder packet sizes, some re-configuration of the rate matching block may be necessary.
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Figure 2. Rate matching on code block basis

For each transmission, after the coded bits for each code block is selected, the coded bits are mapped to the resource elements allocated to this transmission. Figure 3 shows the resource allocated to a data transmission. Note some of the resource elements are punctured by overhead channels. Obviously, the channel quality each bit enjoys at different sub-carrier, different OFDM symbol, and different modulation position is different. In order to make sure all code blocks receives roughly the same level of protection, we need to spread the coded bits of each code block as uniformly as possible in this three dimensional space. Within each code block, however, different level of protection can be achieved by assigning systematic bits to more reliable modulation positions and assigning parity bits to less reliable modulation positions.
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Figure 3. Resource and modulation symbol space for a data transmission
3 Conclusion
In this contribution, we proposed a channel interleaver for LTE taking into account multiple code blocks. We propose code block based interleaving and rate matching to allow for parallel implementation of the rate matching process. We also propose to spread the coded bits of each code block onto different modulation symbols and modulation positions evenly so that each code block receives roughly the same level of protection. 





































































PAGE  
3/3

_1235458386.vsd
text


Virtual IR buffer


RM_S


N1,sys


N1,p1


N1,p2


RM_P1_2


RM_P2_2


Second Rate Matching


Nt,1,sys


Nt,1,p1


Nt,1,p2


Bit Collection


Bit Collection


Channel interleaver


Bits re-arranged by code blocks


Systematic bits


Parity 1
bits


Parity 2
bits


Bit separation


Encoder output for code block 1


RM_P1_1


RM_P2_1


First Rate Matching


Virtual IR buffer


RM_S


NNcb,sys


NNcb, p1


NNcb, p2


RM_P1_2


RM_P2_2


Second Rate Matching


Nt,Ncb, sys


Nt,Ncb, p1


Nt,Ncb, p2


Systematic bits


Parity 1
bits


Parity 2
bits


Bit separation


Encoder output for code block Ncb


RM_P1_1


RM_P2_1


First Rate Matching



_1235891280.vsd
text


text


OFDM symbol index


Sub-carrier index


Modulation position index


ì


í


î


ì


í


î


Resource Block A


Resource Block B


Data resource elements


Non-data resource elements



_1079332190.doc


Systematic







bits







Parity 1







bits







Parity2







bits







RM_P1_1







RM_P2_1







RM_P1_2







RM_P2_2







RM_S







First Rate Matching







Second Rate Matching







Virtual IR Buffer







N







sys







N







p1







N







p2







N







t,sys







N







t,







p1







N







t,







p2







bit







separation







N







TTI







bit







collection







N







data







C







W












