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Introduction
In RAN1#90b meeting, it was agreed that for UL Polar codes, segmentation will be applied for UCI within certain ranges [1].
	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


In this contribution, we show the evaluation results of different segmentation thresholds for UL Polar codes. The following notations are used in this contribution.
K:		information block size before segmentation
M:		codelength
N:		mother codelength for one code block
K1:		number of input bits for one code block
Segmentation of Polar codes
The structures of UL polar with or without segmentation are shown in Fig. 1


[bookmark: _GoBack]Fig. 1 The structures of Polar codes for NR
To compare these two structures, BLER performance is evaluated. The evaluation assumption is shown in Table 1. The same information block sizes K and codelength M are used for both structures.
Table 1 Evaluation assumptions for segmentation
	Channel
	AWGN

	Modulation
	QPSK/16-QAM/64-QAM

	Coding schemes
	With segmentation (a)/Without segmentation (b)

	CRC length
	11

	Decoding algorithm
	CA-List 8

	Info. block length K (bits w/o CRC)
	256:16:596

	Code rate K/M
	0.1, 0.2, 0.25, 0.3, 0.4, 0.5

	Target BLER
	10-2


The simulation results are shown in Fig. 2 ~ 4.
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Fig. 2 The performance of Polar codes w/ or w/o segmentation for QPSK
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Fig. 3 The performance of Polar codes w/ or w/o segmentation for 16-QAM
[image: ]
Fig. 4 The performance of Polar codes w/ or w/o segmentation for 64-QAM
Based on the above simulation results, we show all the coding gain by segmentation in Fig. 5.
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Fig. 5 The performance gain by segmentation of Polar codes
It can be seen from Fig. 5 that the coding gain of segmentation is mainly for K >= 400 and R <= 0.25 or K >= 450 and R <= 0.3. For other cases, performance loss can be observed. Based on the results, we have the following Observations and Proposals.
Observation 1: The coding gain of segmentation is mainly for K > 400 and R <= 0.25 or K > 450 and R <= 0.3.
Observation 2: The coding gain by segmentation is similar for different modulation order
Proposal 1: Using the same threshold for different modulation order.
Proposal 2: UCI segmentation is used for K >= 400 and R <= 0.25.
Interleaving
The segmentation will also affect the interleaving of Polar codes. There may be two kinds of interleaving structures for UL Polar codes with segmentation, which are shown in Fig. 6 and 7.


Fig. 6 Segmentation structure 1 for Polar codes


Fig. 7 Segmentation structure 2 for Polar codes
Structure 1 use two short interleavers with length M/2 while structure 2 use one long interleaver with length M. Including the NULL bits, the numbers of all the entries for Structure 1 and Structure 2 are shown in Fig. XXX.
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Fig. 8 The total interleaver entries for Structure 1 and Structure 2
It can be seen that almost the same number of entries are needed for both structures. It implies that the complexity of both structures is almost the same while the parallelization of structure 1 is higher than structure 2. In Fig. 9, the performance of these two structures is shown.
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Fig. 8 The performance of Structure 1 and Structure 2
It can be seen from the results that the performance of these two structures are almost the same. Based on the above analysis and results, we have the following Observation and Proposal.
Observation 3: Structure 1 and 2 have similar complexity and performance.
Proposal 3: Structure 1 is used for UCI segmentation due to higher parallelization.
Summary
In this contribution, we compared the performance of Polar codes w/ or w/o segmentation. Based on all the analysis and results, we have the following Observations and Proposals.
Observation 1: The coding gain of segmentation is mainly for K > 400 and R <= 0.25 or K > 450 and R <= 0.3.
Observation 2: The coding gain by segmentation is similar for different modulation order
Observation 3: Structure 1 and 2 have similar complexity and performance.
Proposal 1: Using the same threshold for different modulation order.
Proposal 2: UCI segmentation is used for K >= 400 and R <= 0.25.
Proposal 3: Interleaving before code block concatenation is used for UCI segmentation due to higher parallelization.
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