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1. Introduction
In this contribution, we discuss physical channel (or resource) segmentation for LTE. The need for such segmentation arises in the context of code-block based rate matching of shared DL or UL channels.
The segmentation methods broadly fall into two categories, where the term ‘equal’ is subject to any quantization effects imposed by the RE size:

· Equal size segmentation (ES).

· Equal rate segmentation (ER).

Our simulation results shown below, as well as other companies’ results [1] indicate that v. small gains, of the order of 0.1 dB, are achievable by equal rate, compared to equal size segmentation under favourable conditions i.e. for the smallest transport block requiring segmentation. Therefore, the choice of the segmentation method for LTE should be based on the complexity, i.e. a simple segmentation method should be selected; the rather small gain accepted as a potential bonus rather than the main motivator.
2. Simulation Results and Discussion
Simulations were performed under the following conditions:

· Rate matching: CBRM [2], RV = 0

· MCS: 0.4 QPSK, 0.6 16QAM, 0.8 64QAM

· Transport block size: 6152 bits

· Code block segmentation: C– = C+ = 1, K– = 3072 (including 56 filler bits, depadding), K+ = 3136

· Physical resource and segmentation:

· QPSK:
7688,  (3844 3844) ES,  (3805 3883) ER
· 16QAM:
2546,  (1273 1273) ES,  (1269 1295) ER

· 64QAM:
1282,   (641  641) ES,   ( 635  647) ER

· Channel: static

From the simulation results below we can observe a gain of 0.05 dB for 0.4 QPSK, 0.1 dB for 0.6 16QAM and 0.15 dB for 0.8 64QAM. As expected, the difference increases with the increasing coding rate.

It should be noted that these results were obtained for the smallest TBS requiring segmentation, which favours ER. To see this, consider the following example. The gain of ER depends on the fact that ES results in slightly different coding rates. Suppose C– = C+ = 1, K– = 3072, K+ = 3136, and each code block is allocated an equal physical resource of 5000 bits. For ES, the coding rate discrepancy is equal to:


3136/5000 – 3072/5000 = 64/5000 = 0.0128.

Now, take the largest neighbouring code block sizes and double the physical resource (thus keeping the coding rate unchanged). The coding rate discrepancy halves:


(6144/10000 – 6080/10000) = 64/10000 = 0.0064.

Thus, we can expect that for the largest code block sizes the gain from ER segmentation will roughly be halved, compared to what was simulated.
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3. Conclusion
Given the very small differences, simplicity should be the main motivator for physical resource segmentation. In particular, iterative or recursive calculation should be avoided. Example low complexity segmentation rules are given below.
In the equations, the total number of REs available is equal to NREtot, the number of REs allocated to the j‑th code block is Mj. The remaining symbols are defined in [2]: K– and K+ are the smaller and the larger code block sizes after segmentation, C– and C+ are the number of smaller and larger code blocks and C = C– + C+ is the total number of code blocks.
Equal size rule:
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With this rule, the physical resource is split into physical blocks that differ by at most 1 RE in size. There are E blocks of the larger and C–E blocks of the smaller size. The smaller physical block size is assigned to the initial code blocks; the slight benefit of this is earlier code block availability in the receiver.
Equal rate rule:
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With this rule, code blocks sized K– and K+ are first allocated proportionally sized physical blocks M– and M+. Due to employing the round-down operator, G (where 0 ≤ G ≤ C–1) unused REs may remain, which are then redistributed over the initial G physical blocks. Alternatively, the unused REs could be redistributed over the last G physical blocks with the slight benefit of earlier code block availability in the receiver. Note that this simple redistribution does not, in general, lead to fully optimized equal rate allocation. However, further optimization will not lead to any observable performance gains.
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