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Introduction
In RAN1#90bis in Prague, following agreement was made on segmentation of Polar code for large UCI.
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 present our views on UCI segmentation, with special focus on UCI segmentation conditions for very large number of coded bits.
Condition for UCI segmentation
To introduce the condition for UCI segmentation, we need to revisit the motivation of UCI segmentation. In our understanding, two motivation of UCI segmentation can be considered.
· Improve the performance of UCI decoding: as provided in [3], UCI payload size for a single part-2 CSI of Type-II CSI can be over 900 bits. Given that Nmax for UL in Polar is now 1024, actual coding gain can be very limited. Segmentation of UCI into multiple packets in this case may improve coding gain.
· Reduce the hardware complexity: the segmented packets usually have lower mother code length to avoid the mother code length exceeding Nmax to maintain the hardware complexity.
However, segmentation also comes at a cost of two separate encoding/decoding, CRC checks. There is a potential of performance loss and unnecessary additional CRC checks, etc. Therefore, segmentation should only be applied when there is a performance benefit for a given Nmax.
The 1st motivation, is more important from design point of view. As the Nmax is now limited for Polar codes, the complexity shall not be the major concern. 
To obtain a full picture of the performance with segmentation, we simulate the performance of with and without segmentation in a large range of K and M. It also needs to take the CRC bits into account, when segmentation of UCI is considered. Per agreement in last meeting, the same CRC polynomial will be applied to both 1st and 2nd segmented packet. To achieve at least similar FAR performance as compared with no segmentation, the CRC bits allocation shall be no less than the CRC bits for no segmentation.  In simulations, we take 11-bit CRC to both 1st and 2nd segmented packet, and non-segmented packet.
[image: ]
Figure 1. Performance of no segmentation vs. with segmentation under different (M,K)
We have at least the following observations based on the simulation results in figure 1:
· The performance of segmented packet becomes better only when M>1024
· With increasing M, the performance gap between with and without segmentation is larger
· With increasing M, the K that determines ‘switching point’ of doing segmentation is reduced.
We also noticed that although K is related to M in the segmentation condition, however, it is less sensitive. Which means that even with fixed threshold in condition like K>K_thr, the performance can be good enough. As a result, all M less than 1024 should not be considered in segmentation. For M slightly above 1024, segmentation may not be ideal option since rate matching scheme after segmentation is still using repetition. 
We depicted the performance of segmentation using condition with K_thr=384 and M_thr=1088 in figure 2. As a comparison, we also plot the ‘ideal segmentation’ by brute force selecting the best performance from with and without segmentation. We noticed that the performance with simple segmentation condition is almost the same as ‘ideal segmentation’. We therefore make the following observation
[image: ]
Figure 2. Performance of ideal segmentation vs. simple threshold based segmentation 
[bookmark: _Toc498594094]Observation 1:	Using simple thresholding based on M and K is good enough for UCI segmentation. 
On the other hand, if the coding rate is already limited, i.e. less than 0.2, then naturally the coding gain achieved via repetition is the dominant part even with segmentation. In this case, segmentation the UCI may not obviously improve the performance, but the segmentation itself may increase the decoding complexity. Adding another constraint that R > R_thr is thus necessary. We make the following proposals thereafter.
Observation 2:	Adding the constraint that R > R_thr prevents unnecessary segmentation for low rate scenario.
[bookmark: _Toc498594096]Proposal 1:	Adopt M>M_thr, K>K_thr, R>R_thr as the UCI segmentation condition, where (M_thr, K_thr, R_thr) = (1088,384,0.2).

Conclusion
In this contribution, we discussed the remaining issues of UCI segmentation in Polar codes. We had following observation:
Observation 1:	Using simple thresholding based on M and K is good enough for UCI segmentation for performance. Use R can further avoid unnecessary segmentation.
Observation 2:	Adding the constraint that R > R_thr prevents unnecessary segmentation for low rate scenario.
[bookmark: _GoBack]We proposed
Proposal 1:	Adopt M>M_thr, K>K_thr, R>R_thr as the UCI segmentation condition, where (M_thr, K_thr, R_thr) = (1088,384,0.2).
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