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1 Introduction
To support the 100M+ bps peak data rate, features that enable pipelining receiver operations have been proposed, 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. 

This contribution considers some channel coding and channel interleaving aspects of the LTE system that can contribute to the pipelining capability of the receiver to reduce hardware cost, while keeping performance optimization in mind.
2 LTE channel interleavers
2.1 Channel interleaving across OFDM symbols

There have been some discussions on channel interleaving. One issue is how much interleaving in time domain is needed. On one hand, reducing interleaving in time domain can potentially allow the receiver to start decode 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.
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Figure 1. LTE DL subframe structure
3 Simulation results

In this contribution, we compare the performance of channel interleaving with 3 time-domain interleaving depth, namely, 1 OFDM symbol, 6 OFDM symbols, and 12 OFDM symbols. We evaluate the performance of these candidates for a small resource assignment (2RBs) and a large resource assignment (50 RBs).
In the first set of simulations, we investigate the performance impact of time-domain interleaving depth to small packets, e.g., VoIP packets. The simulation is configured as follows:

· Resources: 2 RBs x 12 OFDM symbols (288 REs) 

· Code block size: 288 bits

· Antenna configuration: 1Tx, 2Rx

· MCS: QPSK 1/2 rate turbo code

· Comparison: 

· 576-bit channel interleaver. The 576 coded bits are interleaved and then QPSK modulated and mapped to the 288 REs (“Normal-Interleave”).

· 288-bit channel interleaver. The 288 systematic bits are interleaved and then QPSK modulated and mapped to the 144 REs in the first 6 OFDM symbols. The 288 parity bits are interleaved and then QPSK modulated and mapped to the 144 REs in the latter 6 OFDM symbols (“Systematic-Parity-Interleave”).

· Channel: SCM, 120kmph or 350kmph

[image: image2.emf]-1 0 1 2 3 4 5 6 7

10

-3

10

-2

10

-1

10

0

SNR (dB)

BLER

 

 

Normal-Interleave

Systematic-Parity-Interleave


Figure 2. QPSK ½, 2RBs, 1Tx, 2Rx, SCM, 120kmph
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Figure 3. QPSK ½, 2RBs, 1Tx, 2Rx, SCM, 350kmph
As shown in Figure 2 and Figure 3, the performance difference between the two channel interleavers with different time-domain interleaving depth is negligible. 
In the second set of simulations, we investigate the performance impact of time-domain interleaving depth to large packets. The simulation is configured as follows:

· Payload: 3600-bit per code block
· MCS: 1/2 QPSK

· Resource: 6 OFDM symbols, 600 sub-carriers (10MHz)

· Channel: 120kmph (SCM)


[image: image4]
Figure 4. QPSK, ½, 50RBs, 1Tx, 2Rx, SCM, 120kmph, 1 code block

In Figure 4, we compared the performance of the channel interleaver with time-domain interleaving depth of 6 OFDM symbols (“TDM”) with the channel interleaver with time-domain interleaving depth of 12 OFDM symbols (“FDM”). As shown in the figure, again, the performance difference between the two channel interleavers with different time-domain interleaving depth is negligible.
In the third set of simulations, we investigate the performance impact of time-domain interleaving depth to large packets for time scale less than 0.5ms. The simulation is configured as follows:
· Resources: 50 RBs x 6 OFDM symbols 
· Code block size: 6 code blocks, 800 bits each

· MCS: QPSK 2/3 rate turbo code

· Channel: SCM, 120kmph

· Transceiver chain: Each code block is coded to 1200 coded bits and interleaved, then modulated to 600 modulation symbols (6 x 600 = 3600 modulation symbols in total). Then these modulation symbols are mapped to the 3600 REs. The mapping depends on the comparative designs below.

· Comparison: 
· For the first case, each code block is mapped into an OFDM symbol (“TDM”).
· For the second case, each code block is mapped into 100 sub-carriers per OFDM symbol (“FDM”). For code block i, subcarrier 6*k+i, k = 0, 1, 2, …, 99 should be used in each OFDM symbol.
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Figure 5. QPSK ½, 50RBs, 1Tx, 2Rx, SCM, 120kmph, 6 code blocks
As shown in Figure 5, the performance loss due to multiple code blocks and channel interleaving within an OFDM symbols is about 0.2dB at 10-1 and 0.5dB at 10-2. 
4 Conclusion
In this contribution, we compared the performance of channel interleavers with different time-domain interleaving depth. We observed negligible performance difference between 12-OFDM-symbol channel interleaving and 6-OFDM-symbol channel interleaving for small resource assignments. We also observed negligible performance difference between 6-OFDM-symbol channel interleaving and 1-OFDM-symbol channel interleaving for large resource assignments. We observe small performance difference between 6-OFDM symbol channel interleaving and 1-OFDM symbol channel interleaving for large resource assignments with multiple code blocks. 
Based on the simulation results, the OFDM symbol based channel interleaving performs very well in difference of scenarios. Due to its benefits on simplifying receiver design, we propose to adopt 1-OFDM-symbol based channel interleaving.
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