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1 Introduction
Based on current progress of channel coding, this contribution further investigates the issue of channel interleaving. Necessity of channel interleaving is discussed. Simulation results are provided to compare different schemes. All the evaluations are done upon the Circular Buffer setting agreed in R1-072604.
2 Channel interleaving for LTE
Channel interleaving scatter and reshuffle coded bits into the modulation symbols. In some cases, this will increase the diversity of coded data. LTE turbo with QPP internal interleaver has maximum segment size of 6144. Suppose at least two RB is reserved for PUCCH, UL frame structure has possibility of up to 144*98*6 bits. In extreme peak rate, it may have 14 code block segments transmitted in 1 TTI.
3 methods are evaluated in this contribution:
1. Pipeline operation.

2. Bit level interleaving.

3. Symbol level interleaving.
Pipeline operation: The agreed scheme of rate matching already has interleaving properties. It may not require specific module to further interleave bits. Thus, it simplifies the channel structure and enables sequential processing of bits streams. With pipeline operation, peak data rate can be achieved by less complexity. For UL, the benefit is pretty desirable to reach the challenging throughput. [3] gives an example to show structure of pipeline operation.

[image: image1]
Figure 1. Pipeline operation

Bit level: Bit level interleaving is done follow the stage of CB rate matching. The intention is to increase the diversity of data been transmitted. Circular buffer already been agreed as a basic scheme of rate matching. It already done permuted systematic stream and also parity stream. Thus it is not needed to do more permutation. Simple interlacing of different code segments can archive enough time diversity.

[image: image2]
Figure 2. Bit level interleaving.

Symbol level interleaving: Instead of bit level interleaving, channel interleaving can be done on modulation symbols. Figure 3 illustrated an structure of symbol level interleaving. After rate matching, segments are concatenated into one bits stream. This stream is imputed into bit mapping & modulation module. Bit mapping & modulation module sequentially modulate the bits into designated order of modulation symbols to archive maximum diversity.
 
[image: image3]
Figure 3. Symbol level interleaving.

3 Simulation setup and analysis
To study on channel interleaving, link level simulations are conducted under the agreed simulated assumptions. All the 3 type of processing structure are done as the description of above. Note the bite level interleaving is only done by interlacing of different segments. Since the UL is the most venerable to the uneven distribution on resources’ time domain, the simulation is focusing on UL. In convenience, no retransmission is included. The redundancy version is version 0 with systematic bits punctured slightly. 
From the Figure A and Figure B, no observable differences between interleaving schemes can be found. UE velocity does not affect performance of different schemes even in on-typical data rates. To reduce complexity of coding chain and streamline the processing, it is suggested to not use specific channel interleaving stage. The principle of pipeline processing is recommended for LTE coding structure.
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Table 1. Simulation assumption
	Carrier Frequency 
	2.0GHz

	System bandwidth
	20MHz

	Sub-carrier spacing
	15 kHz

	UE velocity
	3 km/h, 120km/h

	Channel model
	TU

	Sub-frame structure
	2 slots with 0.5 msec duaration(7 symbols with Short CP)

	Number of information bits
	24000

	Modulation scheme

and

channel coding rate
	16-QAM , R = 0.50, 0.75


	Channel coding 
	TC 

	Transmit Antenna
	1

	Receiver diversity
	2

	Channel model
	6-ray Typical Urban

	Rate matching
	CB wiht rv = 0 of (K/32(((12(i+2), 
, delta=1

	Channel estimation
	ideal
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Figure A. pipeline, bit interlaced and symbol interleaving., 120km/h UL
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Figure B. pipeline and symbol interleaving., 3km/h UL
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