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Introduction
In RAN1#87ah-NR, the following agreement was reached:
Conclusion: 
· RAN1 will work on a code construction based solution to deliver early termination benefits while achieving the FAR and BLER targets with acceptable complexity at least for the DL
· Revisit UL after designing the DL solution. 

Agreement: 
· All companies work together to design for the DL a Single CRC polynomial + Interleaver scheme to deliver early termination benefits while achieving the FAR (in presence of AWGN, and in presence of random QPSK, and undetected errors in intended user’s codeword), and BLER targets with acceptable complexity and latency. 
· Working assumption that the CRC length is 19 bits, to be finalised as part of the design, taking into account the number of blind decodes or hypotheses to be tested. 
· Longer CRCs will be considered if required to meet the FAR target
· For DL for K+nFAR>=12, and for UL where K+nFAR>22, J+J’ = nFAR + 3
· For UL, where 12<=K+nFAR<=22, J+J’ = nFAR + 6, comprising 3 parity bits and nFAR + 3 additional CRC bits
Note: K is the number of payload information bits without CRC or parity bits
Note: nFAR may be zero in some circumstances. 
Note: UE specific scrambling is not precluded and will be considered separately.

In this contribution, we discuss the Polar code construction for UL.
Necessity of Early Termination on UL

For DCI, distributed CRC was adopted in stead of CA-Polar because it was speculated that early termination benefits can be useful for DCI detection. Early termination means that when the UE is attempting a DCI detection, the UE can abort the decoding if the UE detects that none of the candidates satisfy the distributed CRC checks. 
For vast majority of DCI detection attempts, the a UE attempts blind decoding on data not intended for it. There are two scenarios where the input to the UE decoder is data not intended for it. 
· In the first scenario, the eNodeB didn’t send any valid DCI in the search space for the given slot. 
· In the second scenario, the UE attempts decoding of the 43 out of 44 candidates that do not contain the intended codeword, assuming the typical case of 44 blind decodes in LTE.
While blind decoding is an important feature of DCI detection, there is no blind decoding of UCI. UCI transmission is scheduled by gNodeB, and known to the receiver in gNodeB in general. There is no ambiguity in the transmission resources and transmission format of the UCI. Hence the gNodeB decoder does not need to perform hypothesis testing is to ‘guess’ any of these. 
The only case, where early termination maybe relevant to UCI, is when Polar codeword is sent with high BLER (e.g., BLER close to 100%). That is, when the gNodeB is experiencing very inaccurate UL link adaptation. For NR, UL link adaptation can be achieved via UL-DL reciprocity, for example. Hence for majority of UCI transmission, the link adaptation algorithm makes sure that the UCI transmission experiences BLER in the range of 10% and 1%. Hence early termination benefit, if any, is not noticeable for UCI. 
Plain CA-Polar has been used extensively in academic and industrial studies for years. In contrast, the distributed CRC is a relatively new and unproven scheme. Distributed CRC has no advantage over CA-Polar for BLER and FAR performance targets,  while incurring implementation complexity and latency due to the random-like interleaver. 
The complexity and latency problem is also more severe for UCI than DCI, due to the much larger Kmax,UL  than Kmax,DL. For DCI, the maximum info block size K is expected to be around Kmax,DL=120. For UCI, the maximum info block size K is expected to be up to Kmax,UL=500. Since the interleaver size associated with distributed CRC is usually defined for Kmax, distributed CRC is expected to incur much higher complexity and latency cost for UCI, without providing any benefits.
Thus for UCI transmission, distributed-CRC is in appropriate. CA-Polar should be adopted. 

Observation 1 Early termination is not relevant for UCI reception.
Observation 2 Much higher complexity and latency burden is expected for UCI than DCI, when considering the interleaver of distributed CRC.

1. CA-Polar is adopted for UCI.

Parameters for Channel Coding of UCI 
For Polar coding of UCI, the CRC polynomial should have length nFAR +3.  Parameter nFAR is the number of CRC bits necessary to control undetected error probability when the decoder input is an intended codeword. 
· For relatively small UCI (e.g., K<=64),  nFAR = 8 is sufficient, similar to that of LTE. Hence the CRC polynomial length is 8+3 = 11. 
· For larger UCI (e.g., K>64), nFAR should be increased to cover up to Kmax,UL=500, for example, nFAR = 11.  Hence the CRC polynomial length is 11+3 = 14, for example.

1. For UCI, CRC length of CA-Polar is (nFAR +3).

Conclusions
In this contribution we discussed the Polar code construction for UCI. We made the following observations:

Observation 1 Early termination is not relevant for UCI reception.
Observation 2 Much higher complexity and latency burden is expected for UCI than DCI, when considering the interleaver of distributed CRC.

Based on the discussion in this contribution we propose the following:
1. CA-Polar is adopted for UCI.
1. For UCI, CRC length of CA-Polar is (nFAR +3).
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