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1
Introduction
In this document, we compare the impact of a channel interleaver with a circular buffer based rate matching structure.
With circular buffer based rate matching, each code block is rate matched separately, prior to transmission. This begs a natural question as to whether the rate matched coded blocks should be transmitted in serial or parallel manner.

With a serial transmission structure:

· Each code block transmission is confined to a fraction of the subframe

· For example, with two code blocks, each code block spans 0.5ms in the uplink

· Pros

· The receiver can pipeline the demodulation process, thereby reducing turn-around latency

· Cons

· In a high doppler scenario, the effective SNR can be different across multiple code blocks

With a parallel transmission structure:

· Each code block transmission spans the entire subframe

· Pros

· The receiver cannot pipeline the demodulation process

· It has to wait till the end of subframe to start demodulating the transmitted code blocks

· Cons

· The effective SNR is identical across multiple code blocks

2
Simulations
2.1
Assumptions
	Carrier Frequency
	2 GHz

	Subframe
	1 ms

	Number of RB
	Varied from 19 to 84

	Intra TTI Frequency Hopping
	Disabled

	Channel
	Typical Urban

	UE speed
	120 kph

	Channel Estimation
	Ideal

	Turbo Interleaver
	QPP


Table 1

Assumptions
2.2
MCS Setup

	Transport Block

Size
	Number of Code Blocks
	Code Block Size
	QPP

Parameters

	12032
	2
	6016
	{23, 94}

	24064
	4
	
	


Table 2

Block Sizes
	Modulation
	Modulation
	Code Rates

	12032
	(2, 4, 6)
	(0.50, 0.75)

	24064
	6
	


Table 3

MCS
We consider three different multiplexing structures:
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Figure 1

Serial Transmission
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Figure 2

Parallel Transmission
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Figure 3

Hybrid Transmission

Figures 1-4 illustrate the performance difference between serial and parallel transmission of code blocks. 
In the legend, S indicates a serial transmission mode, P indicates a parallel transmission mode and H indicates a hybrid transmission mode.
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Figure 4

Payload = 12K – Code Rate = 0.50
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Figure 5

Payload = 12K – Code Rate = 0.75
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Figure 6

Payload = 24K – Code Rate = 0.50
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Figure 7

Payload = 24K – Code Rate = 0.75
3
Observations
Based on the results seen in section 2, we make the following observations:
· In the absence of intra-TTI frequency hopping, parallel transmission of coded blocks provides the best performance at high doppler
· This is due to additional frequency diversity achieved in parallel transmissions

· The gain ranges from 0.7 dB to 0.9 dB at 1% BLER operating point compared to serial transmissions
· However, the gain diminishes to 0.2-0.4 dB when compared to hybrid transmissions

Note that when intra-TTI frequency hopping is enabled, given that the ACK is transmitted per transport block, the constituent code blocks must span both hops to maximize frequency diversity.

4
Summary
Based on the results in section 2 and observations in section 3, we propose the following:

· Adopt a hybrid transmission mode as the baseline for PDSCH and PUSCH
· Each code block spans both slots within the TTI

· Within a slot, segments from code blocks are transmitted sequentially in time
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