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Introduction
In RAN WG1 #90b meeting, the following agreement on UCI segmentation is reached [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, the order of channel interleaver and segment concatenation and the thresholds of K and R for UCI segmentation are discussed.
Channel interleaver and segment concatenation
It should be noted that the performance of segmentation depends on the order of channel interleaver and segment concatenation. We compared the performance of the following three schemes in Figure 1 where Segment 1 and 2 are coded bits for each UCI segment. The comparison results are shown in Figure 2 and Figure 3 with simulation parameters listed in the Appendix.
· SegTriaInter_SymInter: sequential symbolic interlacing concatenation after separated triangular interleaver for each coded segment, which is the same as dual Reed-Muller code in LTE, Q is the Modulation order.
· SequConnect_TotalTriaInter: a single triangular interleaver after sequential concatenation of coded segments.
· SegTriaInter_SequConnect: sequential concatenation after separated triangular interleaver for each coded segment.


[bookmark: _Ref498509520]Figure 1 Three concatenation schemes for segmentation
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[bookmark: _Ref498528824]Figure 2 three concatenation schemes performance for QPSK in fading channel
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[bookmark: _Ref499302162]Figure 3 three concatenation schemes performance for 16QAM in fading channel
It is observed from Figure 2 and Figure 3 that the symbolic interlacing concatenation after triangular interleaver (left scheme in Figure 1) has the best performance. Sequential concatenation after separated triangular interleaver for each coded segment (right scheme in Figure 1) leads to significant performance loss. A single triangular interleaver after sequential concatenation (middle scheme in Figure 1) leads to about 0.2 dB performance loss compared with symbolic interlacing concatenation.
Proposal 1 : Symbolic interlacing concatenation for segmentation should be adopted.
Threshold for segmentation
The UCI segmentation is agreed to be used for certain ranges of K (before segmentation) and R [1]. In RAN1#90b meeting, there’s proposal to take a fixed value of K and a fixed value of R for thresholds. However, we think such a rectangular area threshold will degrade performance for some K and R. In order to find a suitable rectangular area, we traverse all K and R threshold values and calculate the sum of SNR gains (the difference between the SNR of non-segmented and segmented with symbolic interlacing concatenation) of all cases within the rectangular threshold. The largest cumulative gain for QPSK in AWGN channel is identified for the corresponding Rth=0.68 and Kth=488 as the rectangular threshold. However, it is obvious that there will be some performance loss if the segmentation is used within such a rectangular area for some cases which are shown in Figure 4 where more than 0.3 dB loss is observed for some K and R values within the rectangular K and R threshold.
: Rectangular threshold will cause performance loss for some segmentation cases.
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[bookmark: _Ref498627918]Figure 4 BLER performance loss of segmentation in AWGN channel for some case with rectangular threshold
Another threshold is shown below with better performance than the rectangular threshold on cumulative gain. 
If R<=1/5
Ksegthr=361
Else 
Ksegthr=825*R+196
End
Figure 5 to Figure 8 show the performances of non-segmented and segmented, symbolic interlacing concatenation is used in segmentation. The read asterisks in Figure 5 to Figure 8 correspond to the first intersection point between non-segmented and segmented, the green asterisks correspond to rectangular thresholds; the blue asterisks correspond to the above threshold. It can be observed the fitting curve we proposed is very close to the simulation curve.
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[bookmark: _Ref494448361][bookmark: OLE_LINK8][bookmark: OLE_LINK11][bookmark: OLE_LINK3][bookmark: OLE_LINK6]Figure 5 non-segmented and segmented performance for QPSK in AWGN channel
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Figure 6 non-segmented and segmented performance for QPSK in fading channel
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Figure 7 non-segmented and segmented performance for 16QAM in AWGN channel
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[bookmark: _Ref494459847]Figure 8 non-segmented and segmented performance for 16QAM in fading channel
Proposal 2 :The threshold for segmentation Ksegthr is chosen as follows:
If R<=1/5
Ksegthr=361
Else
Ksegthr=825*R+196
End
Conclusion
In this contribution, we discuss the thresholds for UCI segmentation. We have the following observation and proposals:
1. : Rectangular threshold will cause performance loss for some segmentation cases.
Proposal 1 : Symbolic interlacing concatenation for segmentation should be adopted
Proposal 2 :The threshold for segmentation Ksegthr is chosen as follows:
If R<=1/5
Ksegthr=361
Else
Ksegthr=825*R+196
End
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Appendix
The simulation parameters are listed in Table A.1.
[bookmark: _Ref498510340]Table A.1 simulation parameters
	Channels
	AWGN

	
	TDL-C 200ns
	(SCS, FFT)
	(15 KHz, 2048)

	
	
	MIMO scheme
	1 Tx–2 Rx

	
	
	receiver
	Ideal channel estimation

	
	
	Mapping Order for OFDM
	Frequency first then time

	Modulation
	QPSK、16QAM

	Polar sequence
	Sequence in [2]

	CRC length
	11

	Rate matching
	Option 2 in [3]

	R
	0.12:0.04:0.4 for Figure 2 and Figure 3
0.12:0.02:0.4 0.44:0.04:0.88 for Figure 5 to Figure 8

	K (w/o CRC)
	290:16:498 for Figure 2 and Figure 3
290:4:498 500:16:900 for Figure 5 to Figure 8

	interleaver
	Triangular interleaver in [4]

	Nmax
	 1024
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