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[bookmark: OLE_LINK5][bookmark: OLE_LINK6]Introduction
In RAN1 #90bis meeting [1], the following agreement is reached to support UCI segmentation for polar encoding.
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 discuss the details of segmentation on large UCI. 
Discussion
2.1 Segment schemes
In RAN1 #90bis meeting, the principle of UCI segmentation is agreed to support two segments with equal segment size for UCI feedback The segmentation rule and details need to be further finalized. Two segmentation rules are analyzed as follows. 
Scheme 1: Fixed segmentation threshold 
· Scheme 1A: K=352 and R<=0.4.
· Scheme 1B: K=400 and R<=0.4
Scheme 2: Linear function segmentation threshold
If R<=1/5
Ksegthr=370
Else if R>1/5
Ksegthr=832*R+200
End
For these two schemes, the CRC appended to each segment is calculated based on its own information bits. 

[bookmark: OLE_LINK17][bookmark: OLE_LINK18]2.2 Performance evaluations
In this section, the simulation of UCI w/i and w/o segmentation is conducted with the following simulation parameters. 
                               
                                                               Table 1: Simulation parameters
	K
	[248:4:500,508:8:1012] + 11-bit CRC

	R
	0.12:0.02:0.4, 0.45:0.05:0.95

	modulation
	QPSK

	channel
	AWGN

	Nmax
	1024



The simulation results are shown in Figure 1. 
[image: ]
Figure 1: Performance comparison between with and without UCI segmentation 
Figure 1 shows the required snr @ BLER=1e-2 vs the information block length. The performance of both segmented and non-segmented UCI payload are put together in Figure 1 to see where the UCI  segmentation is set in order to derive the exact K and R value.  The optimal location for UCI segmentation of these two schemes are also indicated  in Figure 1. 
To evaluate the performance of different segmentation schemes, we summarize the coding gain for different  threshold values of K and R in Tables 2-5.
· Scheme 1
· K<=554 (single carrier UCI)
Table 2: Segmentation performance of Scheme 1A & 1B
	Scheme 1A
	Scheme 1B

	R
	segmentation gain
	R
	segmentation gain

	0.12
	-0.02
	0.12
	0.12

	0.14
	-0.04
	0.14
	0.13

	0.16
	-0.02
	0.16
	0.17

	0.18
	-0.02
	0.18
	0.15

	0.2
	-0.05
	0.2
	0.13

	0.22
	-0.05
	0.22
	0.13

	0.24
	-0.17
	0.24
	0.09

	0.26
	-0.2
	0.26
	0.06

	0.28
	-0.32
	0.28
	0.01

	0.3
	-0.35
	0.3
	-0.05

	0.32
	-0.45
	0.32
	-0.19

	0.34
	-0.48
	0.34
	-0.25

	0.36
	-0.48
	0.36
	-0.27

	0.38
	-0.42
	0.38
	-0.37

	0.4
	-0.41
	0.4
	-0.36




For Scheme 1A with R<=0.2, the segmented has comparable performance with the non-segmented at K=352. As the coding rate gets higher, the non-segmented UCI outperforms the segmented UCI. For the 0.28<=R<=0.4, scheme 1A suffers up to almost 0.5dB performance loss with UCI segmentation. 
Compared with scheme 1A, the advantage of using a larger threshold of K in scheme 1B is that for R<=0.28 there is segmentation gain. But for higher code rate, the segmentation gain decreases.  For high coding rate, a significant performance loss is observed for scheme 1B. The coding loss of K=511 and R>0.28 is shown in table 3. If a lower coding rate threshold was given, e.g. R=0.28 to avoid performance loss at high codig rate.   Significant performance loss will still be observed in the case of higher coding rate and large K values shown as Table 3.
Table 3: segmentation loss of using non-segmented at K=511 for scheme 1B with Rth=0.28
	R
	0.3
	0.32
	0.34

	segmentation loss(dB)
	0.39
	0.39
	0.31




· K>554 (multi-carrier UCI)
For multi-carrier UCI aggregation scenario, scheme 1 will experience huge segmentation performance loss especially for large K and middle and high coding rates, as shown in Table 4. We can see performance loss is up to several dB for large K and middle/high coding rates.

Table 4: Segmentation performance of Scheme 1A and 1B
	Scheme 1A and 1B

	R
	segmentation gain(dB) @ K=911
	segmentation gain(dB) @ K=1015

	0.4
	-2.54
	-5.42

	0.45
	-2.46
	-5.3

	0.5
	-2.57
	-5.21

	0.55
	-2.52
	-6.36

	0.6
	-2.37
	-5.12

	0.65
	-2.04
	-5.22

	0.7
	-1.66
	-5.06

	0.75
	-1.19
	-4.63

	0.8
	
	-3.95

	0.85
	
	-3.2

	0.9
	
	-2.29



Considering improvement of decoding complexity and latency caused by UCI segmentation and significant performance loss caused by fixed segmentation threshold value, scheme 1 should not be considered for UCI consideration.
Observation 1: Scheme 1 with inflexible segmentation rule suffers significant performance loss ( up to several dB for large K and middle/high coding rates ) and is not a robust solution for UCI segmentation.
Proposal 1: As system performance cannot be always guaranteed, scheme 1 with fixed segmentation threshold should not be considered for UCI segmentation.

· Scheme 2

As shown in Figure 1 and Table 5, we can see that the coding gain keeps positive for all the cases in the evaluation with scheme 2. Linear function segmentation rule capture segmentation threshold very well. Compared to scheme 1, scheme 2 has better performance without increasing complexity.
Table 5: Segmentation gain of scheme 2
	R
	Segmentation gain

	0.12
	-0.06

	0.14
	0.003

	0.16
	0.035

	0.18
	-0.002

	0.2
	-0.042

	0.22
	0.101

	0.24
	0.095

	0.26
	0.111

	0.28
	0.177

	0.3
	0.197

	0.32
	0.217

	0.34
	0.222

	0.36
	0.18

	0.38
	0.199

	0.4
	0.22

	0.45
	0.236

	0.5
	0.195

	0.55
	0.229

	0.6
	0.231

	0.65
	0.214

	0.7
	0.218

	0.75
	0.221

	0.8
	0.35

	0.85
	0.376

	0.9
	0.37

	0.95
	0.394




Observation 2: Compared to scheme 1, scheme 2 has better performance without increasing complexity.
[bookmark: OLE_LINK37]Proposal 2: The following segmentation rule based on linear function should be used for UCI segmentation
For K<=1024
If R<=1/5
Ksegthr=370
Else if R>1/5
Ksegthr=832*R+200
End

Conclusion
The above discussion is summarized with following observations and proposals:
Observation 1: Scheme 1 with inflexible segmentation rule suffers significant performance loss ( up to several dB for large K and middle/high coding rates ) and is not a robust solution for UCI segmentation.
Observation 2: Compared to scheme 1, scheme 2 has better performance without increasing complexity.
Proposal 1: As system performance cannot be always guaranteed, scheme 1 with fixed segmentation threshold should not be considered for UCI segmentation.
Proposal 2: The following segmentation rule based on linear function should be used for UCI segmentation
For K<=1024
If R<=1/5
Ksegthr=370
Else if R>1/5
Ksegthr=832*R+200
End
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