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1 Introduction

Circular buffer based rate matching was agreed by RAN1 during the last Kobe meeting [1].

Channel interleaver is one of the main issues of data transmission. This contribution proposes detailed channel interleaver design for downlink and uplink of E-UTRA.

2 Guideline of LTE channel interleaver design
Various aspects should be taken into account in LTE channel interleaver design, such as frequency domain interleaving, time domain interleaving, pipeline operation, systematic bit distribution, performance for multiple code blocks of a transport block. For those aspects, guidelines of LTE channel interleaver design are discussed in this section. 
Pipeline operation
To support the 100M+ bps peak data rate, features that enable pipelining receiver operations have been agreed by RAN1, e.g., QPP turbo interleaver, and code block based rate matching. These features enable receiver designs that can greatly improve hardware utilization, significantly reducing hardware complexity and cost. The pipeline operation should be also taken into account in the channel interleaver design. OFDM symbol based interleaving or code block based interleaving would be good candidates to enable the pipeline operation.
Frequency domain and/or time domain interleaving
One of the main issues of channel interleaving in DL is how much interleaving in time domain is needed. On one hand, reducing interleaving in time domain can potentially allow the receiver to start decoding the code blocks in an OFDM symbol right after that OFDM symbol is received. On the other hand, if each of the code blocks within a transport block is confined within one or two OFDM symbols, loss of time diversity may result in performance loss. Simulation results in [2] show that there are very little performance loss of OFDM symbol based channel interleaver, compared with a channel interleaver that expands over 6 OFDM symbols. Thus, we recommend OFDM symbol based channel interleaving.
Systematic bit distribution

When multiple resource blocks (RBs) are assigned to a UE in downlink, or intra-subframe hopping is applied in uplink, channel response would be different between those RBs assigned. In principle, even distribution of the systematic bits over the RBs assigned provides the best performance unless the transmitter knows different channel conditions of different RBs, maps systematic bits to RBs in different ways depending on different channel condition, and signals the exact mapping to the receiver. The different mapping would require additional signalling overhead for RB assignment and would not be therefore desirable. Thus, we propose to distribute the systematic bits over multiple RBs assigned as evenly as possible. 
Performance for multiple code blocks of a transport block

Given that only one ACK/NACK is fed back per transport block, same performance between multiple code blocks transmitted at the same subframe would be desirable. Thus, even distribution of multiple code blocks over multiple RBs assigned should be considered, especially in case intra-subframe hopping is applied in UL.

3 Proposed channel interleaver
3.1 DL channel interleaver
Taking into account guidelines discussed in the previous section, we propose M x N row-column interleaver with N = Number of RBs assigned and M = L(k) / N, where L(k) denotes number of coded symbols transmitted in k-th OFDM symbol. OFDM symbol based interleaving is proposed, so the interleaving is performed within each OFDM symbol.
Figure 1 describes the details of the channel interleaver proposed. L(k) symbols transmitted in the k-th OFDM symbol are interleaved with the M x N row-column interleaver. First, the input symbols are written in row by row in the row-column interleaver. Row permutation may be then applied to realize interleaving within a RB. Then, the symbols are read out column by column. Finally, the output is sequentially mapped to the useful REs in the k-th OFDM symbol.
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Figure 1. Row-column channel interleaver proposed for downlink
Figure 2 shows how the coded symbols selected are mapped to multiple RBs assigned with the channel interleaver proposed. In this example, we assume three RBs are assigned to the UE of interest. We can see the row-column interleaver proposed makes sure that systematic bits are evenly distributed over all the RBs assigned. 
Figure 3 illustrates another example where multiple code blocks are transmitted in a given subframe. First, concatenated coded symbols for multiple code blocks are divided into P blocks, where P denotes number of OFDM symbols used for data transmission in the subframe. For each block, the interleaving described in Figure 1 is applied and the interleaved symbols are sequentially mapped to the useful REs in the OFDM symbol.
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Figure 2. Concept of proposed channel interleaving in DL
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Figure 3. DL channel interleaving in case of two code blocks
3.2 UL channel interleaver
M x N row-column interleaver is proposed for UL as well with N = 2 and M = L / N, where L denotes total number of coded symbols for all the code blocks transmitted in a given subframe.
Figure 4 illustrates how the coded symbols selected are mapped to two slots in a subframe in case that the intra-subframe hopping is applied. In this example, we assume two code blocks are transmitted in the subframe of interest. We can see the row-column interleaver proposed makes sure that systematic bits and parity bits of the two code blocks are evenly spread over the two slots, so that the same performance can be achieved for the two blocks. 
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Figure 4. UL channel interleaving in case of two code blocks with intra subframe hopping
4 Summary
Taking into account various aspects such as frequency domain interleaving, time domain interleaving, pipeline operation, systematic bit distribution, performance for multiple code blocks of a transport block, M x N row-column interleaver with the following characteristics is proposed for LTE channel interleaver:
· Number of columns N equals to

· number of RBs assigned for downlink

· 2 for uplink
· Number of rows M equals to

· L(k) / N, where L(k) denote number of coded symbols transmitted in k-th OFDM, for downlink 

· L / N for uplink
· Interleaving is performed 
· on OFDM symbol basis in DL.
· on subframe basis in UL.

References:

[1] R1-072604, “Way forward on HARQ rate matching for LTE”, Ericsson, et. al.
[2] R1-07xxxx, “Performance of OFDM symbol based channel interleaver”, Samsung.





















































































































PAGE  
1

