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1. Summary
In scenarios where a transport block (TB) has multiple code block segments, a rule is needed to determine the number of code bits for each code block segment. Current solutions to the mentioned task are found in [2]

 REF _Ref174765891 \r \h 
[3]. They either try to create “equal size” or “equal rate” rules. “Equal size” tries to distribute the resource elements (REs) approximately evenly among the code blocks. “Equal rate”, which is conceptually harder to implement, aims to equalize the code rate across the code blocks. To date, the simplest “equal size” rule is proposed in [2] and can be summarized as follows. Note that the notation in this contribution is aligned with [2].

Consider a number of data-bearing REs for a complete subframe
[image: image1.wmf]tot

RE

N

 and a number of code block segments 
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 be the (possibly fractional) number of REs to be assigned per code block segment. Since one strives to have an integer number of REs per code block segment, the actual number of data-bearing REs assigned to the jth segment 
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is determined according to
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Equation 1
As seen from Equation 1, there are two branches, which are to be distinguished by modulo operations. This operation is considered complex from a computational point of view since it is the remainder of a division. Furthermore, the argument comes in two variants, 
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, where the former is more complex to implement than the latter.
2. Simplified RE allocation

Contrary to previous approaches, the simplified approach does not exactly strive for “equal size” or “equal rate” since
1. These two parameters can never be fulfilled exactly in the general case, and

2. It is questionable as to whether the system performance is severely impacted by the choice of the mapping approach.

Hence, it makes sense to adopt a simpler rule than the one above, and which furthermore does not impact system performance. The rule described in the following achieves this.
From the code block segmentation [1], note that the first code block segment is possibly padded with dummy bits to achieve valid QPP interleaver sizes. Therefore, it makes sense to treat this segment specifically. Instead of having two variants of M, one can keep the simpler 
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 and assign the remaining REs to the first code block segment (j = 0). Hence,
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Equation 2
Obviously, there are no modulo operations anymore to choose a branch in the simplified allocation rule of Equation 2. In fact, the branching is totally avoided (j = 0 is a constant). Also, the ceiling operation is circumvented. What is needed is a multiplication to determine the number of used REs, and a subtraction. Considering complexity, a subtraction can be roughly accounted for a ceiling operation. Apart from a simplified logical expression, one avoids modulo (~ division) and uses multiplication instead.
In total there are at most three possible code rates: one in the first segment, and one in the remaining segments with larger (K) and smaller (K) code block sizes. From the “equal size” rule in [2], one can yield up to four code rates:  
[image: image11.wmf]é

ù

M

 with larger and smaller code block sizes, and 
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 with larger and smaller code block sizes.
3. Simulation Results

It was stated in [2] that the “equal size” rule performs within 0.1 dB of an “equal rate” rule in a static channel, with even less deviation in a Rayleigh environment. Therefore, the “equal size” rule is taken as reference to which the simplified RE allocation is compared to.

The simulation environment is roughly summarized below

· 10MHz allocation bandwidth, i.e., number of resource blocks is 50

· 2 OFDM symbols for control channel, 11.5 OFDM symbols data per subframe, thus ½ OFDM symbol allocated to RS insertion

· Rx diversity (SIMO 1x2)

· Channel model ETU70Hz, see [4]
· For more information, see [5]
The codec chain is based on the latest status assumed in LTE, where the CRC is appended to the whole transport block. The test cases considered are listed in Table 1. Note that the 24-bit CRC is not included in the information bit rate. 

	Parameter
	Unit
	Value

	Nominal Avg. Inf. Bit Rate
	kbps
	6776
	19476
	34376

	Information Bit Payload Per Sub-Frame
	Bits
	6776
	19476
	34376

	Number Code Blocks Per Sub-Frame
	Blocks
	2
	4
	6

	Number/Size of Larger (K+) Block
	
	1/3456
	1/4928
	4/5760

	Number/Size of Smaller (K–) Block
	
	1/3392
	3/4864
	2/5696

	Number of Padding Bits in First Code Block
	Bits
	48
	20
	32

	Binary Channel Bits Per Sub-Frame
	Bits
	13552
	25968
	41400

	Number of Resource Elements 
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	6776
	6492
	6900

	Coding Rate
	
	0.5
	0.75
	0.83

	Modulation
	
	QPSK
	16QAM
	64QAM


Table 1 Simulation parameters

We plot the actual throughput of the transceiver chain over the carrier-to-noise ratio (C/N) in dB. From the plots, difference in performance is not noticeable, which leads us to the conclusion that the impact of the different mapping methods on the system performance is negligible. Therefore, one should strive for a solution with the lowest computation complexity, which is the one proposed in Equation 2.
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Figure 1 Link performance of modulation-coding scheme QPSK, rate=1/2
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Figure 2 Link performance of modulation-coding scheme 16-QAM, rate=3/4
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Figure 3 Link performance of modulation-coding scheme 64-QAM, rate=5/6

4. Conclusion
It is recommended to adopt the proposed simple rule (Equation 2) for RE allocation in LTE since it performs as well as an “equal size” approach, albeit with lower computation complexity.
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