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1. Introduction
In the current NR polar coding, segmentation is applied for large UCI, and details about the segmentation are decided in [1][2].
	
Agreement (RAN1 #90bis): 
· 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

Agreement (RAN1 #91):
Segmentation is applied when K >= 360 and M >= 1088 where
· K is UCI payload size without CRC
· M is the total number of coded bits for the UCI payload





In NR, segmentation for control information is introduced for the first time, and there are some parts that are not yet considered. An important feature is code configurations for each segment. For efficient implementation and good trade-off between performance and complexity, it is preferable to apply the same code configuration to all segments. For this reason, in NR LDPC codes, the same base graph and lifting are applied to all code blocks. However, polar codes of different sizes can be used for each segment according to the current procedure stated in [3]. In this contribution, we investigate such cases and propose better way to improve the implementation and the performance.
In this contribution, we use some basic notations for polar coding based on the notations in [3]. 
[bookmark: _Hlk485716767][bookmark: OLE_LINK33][bookmark: OLE_LINK34][bookmark: OLE_LINK35][bookmark: OLE_LINK36][bookmark: OLE_LINK37]- : number of information bits (not including CRC parity bits)
- : total number of bits in a rate-matching output sequence
- : number of bits in the r-th rate-matching output segment 
- : configured mother polar code size for the r-th segment
- : list size of successive-cancellation list (SCL) decoder 
- : number of layers
- : modulation order
2. Modification on Mother Code Sizes
[bookmark: OLE_LINK14][bookmark: OLE_LINK15][bookmark: OLE_LINK16][bookmark: OLE_LINK3][bookmark: OLE_LINK4][bookmark: OLE_LINK12][bookmark: OLE_LINK13]	In NR polar coding, segmentation is applied when  and . The maximum number of segments is two. Let  and  be the polar code sizes for the first segment and the second segment, respectively. According to the current procedures for determining the mother code size,  in some cases of segmentation. For example,  and  when  and . 
[bookmark: OLE_LINK56][bookmark: OLE_LINK57][bookmark: OLE_LINK61][bookmark: OLE_LINK62]Observation 1: The mother polar code size for the first and the second segments,  and , are different from each other in some cases (e.g.  and ). 
[bookmark: OLE_LINK20][bookmark: OLE_LINK21][bookmark: OLE_LINK29][bookmark: OLE_LINK30][bookmark: OLE_LINK31][bookmark: OLE_LINK32][bookmark: OLE_LINK17][bookmark: OLE_LINK18][bookmark: OLE_LINK19][bookmark: OLE_LINK24][bookmark: OLE_LINK25][bookmark: OLE_LINK26][bookmark: OLE_LINK27][bookmark: OLE_LINK28]If we consider adjustment of coded bit sizes based on the number of layers  and the modulation order ,  more frequently. Let  and  be the rate-matching output sizes of the first segment and the second segment, respectively. In the current version of specification [3],  and  may not be an integer, so it should be corrected first. Furthermore, the rate-matching output size is generally determined to be a multiple of . In this regard, in [2], some corrections are proposed to make  and  integers multiple of . In this case, ,  because the maximum  for PUSCH is 4 and the highest  is 8. The mother polar code size for the first and the second segments become more frequently different from each other.
[bookmark: OLE_LINK38][bookmark: OLE_LINK39][bookmark: OLE_LINK40][bookmark: OLE_LINK63][bookmark: OLE_LINK64]Observation 2: If  is adjusted to be integer multiple of , the mother polar code sizes  and  are different from each other more frequently.
	There are remarkable advantages by applying the same configuration of the mother code size 512 to two segments.
1) Efficient implementation: There is no need to implement the exceptional procedure to configure two polar codes of different sizes. The transmitter and the receiver only need to prepare a single code configuration at any time. 
2) Computational complexity: The amount of computations is reduced compared to the current procedure. The number of operations of the SC-list (SCL) decoder is  when a bitonic sorter is applied [4]. If , , and , then the total number of computations required for two segments is 15008. If we configure  instead and consider the same list size, then only 9376 operations are needed to decode both segments. Thus, the computational complexity is reduced by . The transmitters also enjoy the benefits of low computational complexity by using the smaller mother code.
3) [bookmark: OLE_LINK41][bookmark: OLE_LINK42][bookmark: OLE_LINK43][bookmark: OLE_LINK8][bookmark: OLE_LINK9][bookmark: OLE_LINK44]Performance: There is no performance degradation by setting the same polar code of size 512 to two segments. We evaluate the BLER performance of uplink polar coding chain based on the current agreements. In our evaluation, we just consider the cases of  and  even though there are some other combinations of  and  that result in . We consider SCL decoding with and the  BPSK. Details about the evaluation assumptions are described in Table 1. Fig. 1 shows the performance comparison according to the mother code configurations. The red dashed line shows the performance of segmented polar codes whose mother polar code sizes are determined by the rule in [3], while the blue solid line corresponds to the performance of segmented polar codes with the same configuration of mother code size 512. There is no performance loss because  and  are close to 512. In this range of , repetition from the smaller mother code results in comparable or better BLER performance than puncturing from the bigger mother code.
[bookmark: OLE_LINK65][bookmark: OLE_LINK66]Observation 3: The same code configuration for two segments make implementation simpler.
Observation 4: The same code configuration of the mother polar code size 512 for two segments reduces the decoding computational complexity by 37.5% compared with the current procedure in [3].
Observation 5: The same code configuration of the mother polar code size 512 for two segments results in better performance than the current procedure in [3].
Table 1  Performance Evaluation Assumptions
	Channel and modulation
	AWGN channel, -BPSK

	Information bits 
	360:624 

	Codeword bits 
	1153 

	CRC length
	11

	Mother code configuration
	1) Different configurations for each segment 
[bookmark: OLE_LINK51][bookmark: OLE_LINK52][bookmark: OLE_LINK53]2) Same configuration for two segments 
3) Same configuration for two segments 


[bookmark: OLE_LINK58][bookmark: OLE_LINK59][bookmark: OLE_LINK60]

Figure 1 	Performance of segmented polar codes according to code configurations

Based on the advantages in terms of implementation, complexity, and performance, we propose slight modification on the mother polar code sizes.
[bookmark: OLE_LINK67][bookmark: OLE_LINK68][bookmark: OLE_LINK69]Proposal 1: In the case that the mother polar code sizes for the first and the second segments are different, then both should be adjusted to be smaller one, 512. How to capture this proposal is up to the editor.  
 

3. Summary 
In this contribution, we investigated the procedure of polar code segmentation, which are not discussed so far. There are some cases that the mother polar code sizes for two segments are different.
 Observation 1: The mother polar code size for the first and the second segments,  and , are different from each other in some cases (e.g.  and ). 
Observation 2: If  is adjusted to be integer multiple of , the mother polar code sizes  and  are different from each other more frequently.
For these cases, it is preferable to set the same configuration of the mother code size 512 for both segments in terms of implementation, encoding/decoding complexity, and performance.  
Observation 3: The same code configuration for two segments make implementation simpler.
Observation 4: The same code configuration of the mother polar code size 512 for two segments reduces the decoding computational complexity by 37.5% compared with the current procedure in [3].
Observation 5: The same code configuration of the mother polar code size 512 for two segments results in better performance than the current procedure in [3].
Based on the remarkable advantages, we propose following slight modification on the mother polar code sizes.
Proposal 1: In the case that the mother polar code sizes for the first and the second segments are different, then both should be adjusted to be smaller one, 512. How to capture this proposal is up to the editor.  
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