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1. Overview
In RAN1 #90b Prague meeting [1], there agreed segmentation framework for UCI segmentation: 
	Agreement: 
· UCI segmentation into two segments with equal segment sizes (with a single zero-padding bit inserted at the beginning of the first segment if needed) is used for certain ranges of K (before segmentation) and R, e.g. K>= threshold (e.g. 352) and R<= threshold (e.g. 0.4)
· exact values FFS until RAN1#91
· CRC appended to the first segment is calculated based on the first segment only
· CRC appended to the second segment uses the same polynomial as for the first segment, and is calculated based on the second segment only



The reason behind the segmentation is to avoid large performance loss due to Polar mother code size limit. Along this consideration, we will investigate the code block size (CBS) and code rate boundary for UCI segmentation, regarding the following: 
· Wider UCI size and code rate range for NR future compliance
· Code rate dependent characteristics of performance loss without segmentation.
In particular, to avoid the large performance loss while keeping simple segmentation rule, linear boundary in CBS and code rate plane should be considered.



2. UCI Segmentation Design
Although the UCI design started with referring CSI part 2 size and observing the performance loss for CBS range up to 543 [2], the agreed UCI segmentation framework with up to 2 segments has the potential to support wider UCI size range. From the perspective of future compliance, it is useful to specify a UCI segmentation rule for all possible UCI sizes that can fit in two segments. The risk of future implementation change can also be minimized. Consequently, it is suggested:

Proposal 1: UCI segmentation rule should consider wider UCI size and code rate range that can be carried with two segments for the purpose of future compliance as well as minimizing the risk of future implementation change.

Along this consideration, we next compare the performance with and without UCI segmentation for UCI size up to 1008 bits and identify the fundamental principle to minimize the performance loss. For even larger UCI size, it is natural to apply segmentation due to Polar code size constraint for UL, i.e., Nmax,UL = 1024. 
In Fig. 1, the settings with code rates 1/6, 2/5, 3/6, 4/6 and 5/6 are compared. One can observe that the performance cross point corresponds to a larger CBS in case of a higher code rate. Also, with a high code rate, the performance loss increase faster than that with a lower code rate. If the segmentation rule is not properly designed for the higher code rate region, there can induce a significant performance penalty (~ 1dB or larger). Therefore, we have:

Observation 1: The performance cross point with segmentation is code rate dependent. For higher code rates, the performance loss is more sensitive to the CBS boundary to apply UCI segmentation.
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Fig. 1: Performance difference with and without UCI segmentation

To avoid the excessive performance loss for higher code rates, it requires to specify a potential large amount of CBS boundaries and a fine partition for the higher code rate region. On the other hand, it can be more efficient to consider a linear function with the code rate. In particular, the following framework, suggested in [2], is a good solution to apply:

Proposal 2: Let K be the Polar encoder input data size, Ksegthr be the CBS boundary so that UCI segmentation is applied for K >= Ksegthr. Denote R be the nominal code rate defined by K/M, M is the targeted coded bit number. Then the following framework for specifying Ksegthr is applied:
If 
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where  is a positive fraction number,  are positive integer .



3. Summary
In this contribution, UCI segmentation rule is investigated. In particular, we have 

Proposal 1: UCI segmentation rule should consider wider UCI size and code rate range that can be carried with two segments for the purpose of future compliance as well as minimizing the risk of future implementation change.

Observation 1: The performance cross point with segmentation is code rate dependent. For higher code rates, the performance loss is more sensitive to the CBS boundary to apply UCI segmentation.

Proposal 2: Let K be the Polar encoder input data size, Ksegthr be the CBS boundary so that UCI segmentation is applied for K >= Ksegthr. Denote R be the nominal code rate defined by K/M, M is the targeted coded bit number. Then the following framework for specifying Ksegthr is applied:
If 
    
else    
where  is a positive fraction number,  are positive integer .
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