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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. In the Kobe meetings, contribution [2] presented a physical channel segmentation rule which divides the set of resources elements (REs) assigned to a TB approximately evenly among the code block segments. With this rule, if NRE REs are assigned to a particular code block segment, then the rate matching selects QNRE code bits for that code block segment, where Q = 2, 4, or 6 depending on whether the TB modulation is QPSK, 16‑QAM, and 64‑QAM, respectively.

Note that when the code block segmentation rule (Section 5.1.2 of [1]) requires code blocks of two different sizes (i.e., C ≠ 0), the simple “equal size” rule of [2] causes the smaller (K) code blocks to be transmitted at a slightly lower code rate than the larger (K) code blocks. This contribution compares the simple “equal size” rule with a more complex rule “equal rate” rule that equalizes the code rate across the code block segments. It is shown that the “equal rate” rule is more complex to describe and has only a very slight performance edge over the “equal size” rule. Therefore, it is recommended that the simple physical channel segmentation rule of [2] be adopted.
2. Physical Channel Segmentation
The following simple physical channel segmentation rule was proposed in [2]. Physical channel segmentation refers to determining how many REs to allocate to each (encoded) code block segment. Let NRB be the number of resource blocks (RBs) assigned to a UE for a given TB. Further, let NREi, 0 ≤ i ≤ NRB1, be the number of data‑bearing REs in the i‑th RB. Lastly, let Nseg be the number of segments comprising the TB. Then the total number of data‑bearing REs, NREtot, is
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and the number of data‑bearing REs assigned to the j‑th segment, Mj, for 0 ≤ j ≤ Nseg1, is
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Note that this formula attempts to divide the REs allocated to the TB approximately evenly among the code block segments. The code rate of the j-th segment, Rj, is
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where Kj is the segmentation size (i.e., QPP interleaver size) of the j‑th segment, F is the number of filler bits, and Q = 2, 4, or 6 depending on whether the TB modulation is QPSK, 16‑QAM, and 64‑QAM, respectively. This equation demonstrates that when the code block segmentation rule requires two different segmentation sizes, the smaller code blocks are actually transmitted at slightly lower code rate than the larger code blocks. The slight code rate difference is largest when the smallest segmentation sizes must be used, i.e., K = 3072 and K = 3136.
Note the descriptive simplicity of the “equal size” rule defined above. A more complex rule that equalizes the code rates across the code block segments assigns Mj' REs to the j‑th segment, 0 ≤ j ≤ Nseg1, where
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In this rule, C, C, K, and K are as defined in Section 5.1.2 of [1], K = KF (F is the number of filler bits as in Section 5.1.2 of [1]), and Nseg = C + C. (A similar rule, presented in [3], ignored the possibility of the presence of filler bits.) Clearly, this “equal rate” rule has more logical branches and requires more computation than the “equal size” rule.
3. Simulation Results
Simulations were performed to determine the impact of using the simple “equal size” rule for RE allocation. The six cases simulated are tabulated in Table 1. Given a certain rate, the simulated TB sizes should induce the largest performance difference between the “equal size” and “equal rate” rules because the code block segmentation rule (i.e., Section 5.1.2 of [1]) requires use of the smallest code block segments (thus producing the largest rate difference between code block segments). Cases 1 through 3 require no filler bits, whereas cases 4 through 6 require 32 filler bits. For each case, the Table 1 lists the following:

· Code block segment sizes: K0 (=K) and K1 (=K).
· Filler size, F (in bits), for code block segment K0.

· The number of allocated REs to K0 and K1 for the “equal size” rule: M0 and M1.
· Resulting code rate for K0 and K1 for the “equal size” rule: R0 and R1.

· The number of allocated REs to K0 and K1 for the “equal rate” rule: M0' and M1'.

· Resulting code rate for K0 and K1 for the “equal rate” rule: R0' and R1'.

The table illustrates that with the “equal size” rule, the code rate difference between code blocks K0 and K1 is on the order of 0.02.
Table 1. Simulation parameters.
	Case
	TB size
(bits)
	NtotRE
	Modu-
lation
	Code
rate
	Code block segmentation 
configuration
	Physical channel segmentation configurations

	
	
	
	
	
	
	Equal physical channel size
	Equal code rate

	
	
	
	
	
	K0
	F
	K1
	M0
	M1
	R0
	R1
	M0'
	M1'
	R0'
	R1'

	1
	6184
	6184
	QPSK
	0.50
	3072
	0
	3136
	3092
	3092
	0.496766
	0.507115
	3060
	3124
	0.501961
	0.501921

	2
	6184
	3092
	16-QAM
	0.50
	3072
	0
	3136
	1546
	1546
	0.496766
	0.507115
	1530
	1562
	0.501961
	0.501921

	3
	6184
	1374
	64-QAM
	0.75
	3072
	0
	3136
	687
	687
	0.745269
	0.760796
	679
	695
	0.754050
	0.752038

	4
	6152
	6152
	QPSK
	0.50
	3072
	32
	3136
	3076
	3076
	0.494115
	0.509753
	3028
	3124
	0.501982
	0.501921

	5
	6152
	3076
	16-QAM
	0.50
	3072
	32
	3136
	1538
	1538
	0.494115
	0.509753
	1514
	1562
	0.501982
	0.501921

	6
	6152
	1368
	64-QAM
	0.75
	3072
	32
	3136
	684
	684
	0.740741
	0.764133
	673
	695
	0.752848
	0.752038


The TB error rate is plotted versus Es/N0 in Figure 1, Figure 2, and Figure 3 for the simulation cases tabulated above. Each figure plots the performance in static and Rayleigh fading channels. (In the Rayleigh fading simulations, the channel each RE experiences is an independent random draw from a unit‑mean Rayleigh distribution). The figures demonstrate that the performance difference between the “equal size” and “equal rate” rules is 0.1 dB at most in a static channel, and substantially less in a Rayleigh fading channel. Since the “equal size” rule is easier to describe and implement than the “equal rate” rule, and the “equal rate” rule has only a marginal performance edge, it is therefore recommended that the simpler “equal size” rule be adopted for LTE.
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(a) Case 1 results
(b) Case 4 results.

Figure 1. Cases 1 and 4 (rate‑1/2 QPSK) simulation results.
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(a) Case 2 results
(b) Case 5 results.

Figure 2. Cases 2 and 5 (rate‑1/2 16‑QAM) simulation results.
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(a) Case 3 results
(b) Case 6 results.

Figure 3. Cases 3 and 6 (rate‑3/4 64‑QAM) simulation results.
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