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Introduction
In RAN1#87ah-NR, the following agreement was reached on Polar code design parameters:
Agreement:
· Maximum mother code size of Polar code, N=2n, is:
· 256 <= Nmax,DCI <=1024 for downlink control information
· 1024 <= Nmax,UCI <= 2048 for uplink control information
Exact values to be revisited with the aim of agreeing at RAN1#88

In this contribution, we discuss further the parameters and other design considerations for Polar codes.

Code Size and Code Rate
A key parameter of the Polar code is the maximum code size N =2n. Due to the tree structure and sequential nature of the Polar decoder, decoding complexity and latency are, to a large degree, determined by the size N of the polar code. This is in contrast to convolutional codes and turbo codes, where the decoding complexity and latency is, to a large degree, determined by the information block size K, but not codeword size N = K/R.
It is known that decoding latency is an important design metric of NR control channels. This is particularly true for downlink control channel, where multiple blind decodings are expected in the UE in each attempt to receive a DCI. For example, in LTE, a minimum of 44 blind decoding candidates exist in each TTI.
Thus, to control the decoding complexity and latency of downlink and uplink control channels, a maximum size  of the polar code should be defined. If more than  coded bits are needed for transmission, then repetition of the size-  Polar codeword can be used to supply the  extra bits.
For downlink control channel, the information block size is expected to be in the range of 80 – 100 bits on the higher end. Hence it is appropriate to use  for DCI. This provides a mother code rate in the range of R= 0.3 ~ 0.4 for the largest DCI. For smaller DCI, e.g., K=40 bits, the mother code rate is R = 40/256 = 0.16.
For uplink control channel, the following agreements were reached in RAN1 NR ad hoc meeting. 
	Agreements:
· For further discussion of PUCCH in short-duration, UCI payload of 1 – at least a few tens of bits (or SR) is assumed.
· For further discussion of PUCCH in long-duration, UCI payload of 1 – at least a few hundreds of bits (or SR) is assumed.



For majority of UCI transmission, the information block size is expected to be small, e.g., K in the range of a few tens of bits at most. For minority of UCI transmission, UCI of larger K may exist for NR. Considering the implementation complexity of Polar decoder and the most frequent cases to cover, it is appropriate to use  for UCI. If more than 1024 coded bits are desired, repetition can be applied via a rate matching algorithm, where some or all of the code bits of the   mother code are repeated. 
Maximum Polar code size for DCI is .
Maximum Polar code size for UCI is .

The code rate of the Polar code for DCI and UCI is determined by the size pair K and N, R=K/N, where K is the number of information bits, and N is the number of coded bits. Unlike convolutional codes, turbo codes, or LDPC codes, the code rate R does not have any predefined granularity. The code size N, without considering repetition, should be limited by  only. That is,  

where  is the maximum Polar code size, and  is the number of coded bits allowed by the allocated time-frequency resources.
For a given control channel information transmission of bits over the channel, polar codeword size .

Rate Matching
As discussed above, rate matching algorithm needs to be defined for Polar codes, where both repetition and puncturing are necessary to adjust the Polar encoder output size to the number of channel bits allocated according to the time-frequency resources.
Repetition is necessary, at least when the number of channel bits allocated is larger than the maximum Polar code size,  and .

If , repetition of  bits is applied to Polar code of size .

Puncturing is necessary for adjusting the Polar codeword size to non-power-of-2 values. The puncturing needs to be able to support 1-bit granularity adjustment of the codeword size.

Rate matching algorithm for Polar codes support puncturing of 1-bit granularity.

Two types of puncturing of coded bits should be considered. 
1) The first type is puncturing of coded bits with known, deterministic, value of 0. Since these coded bits have known values, they do not carry any information about the information block, and should be punctured. Considering the Polar code construction, coded bits of known value 0 may occur due to shortening of bits at information block side. At the receiver, these coded bits take the LLR value of infinity, reflecting that the bit values are known a priori.
2) The second type is puncturing of coded bits with unknown, non-deterministic, value. These are coded bits that do carry information about the information block. This type of puncturing is the typically understood puncturing, where coded bits are discarded due to limited amount of time-frequency resources usable for transmission. At the receiver, these coded bits take the LLR value of zero, reflecting that the bit values are unknown.
Rate matching algorithm for Polar codes consider both types of puncturing: (a) puncturing of coded bits with deterministic value of 0; (b) puncturing of coded bits with non-deterministic values.

List Size in SCL Decoder
It has been agreed that maximum value L assumed in Polar code evaluation is Lmax= 8. That is, the set of list size L considered in the Polar code design is: L{1,2,4,8}.
[bookmark: _GoBack]It is to be understood that although the above L values are assumed in the Polar code design and evaluation, ultimately it is up to the receiver implementation what decoding algorithm to use, and what decoding parameters to use. For example, the Polar decoder does not have to be SCL, rather it can be other decoding algorithms like belief propagation (BP). Even if SCL decoding algorithm is implemented, the L value to use is up to the decoder implementer. For example, L=32 can be used, where certain criteria is used to select L surviving candidate from 2*L candidates at a node. Examples of the selection criteria include: (a) LLR path metric; (b) binary check value of PC bits; (c) binary check value of CRC bits; (d) frozen bit values.

Observation 1 Decoding algorithm and SCL list size to implement are up to receiver implementation.
Conclusions
In this contribution we made the following observations and proposals:
1. Maximum Polar code size for DCI is .
Maximum Polar code size for UCI is .
For a given control channel information transmission of bits over the channel, polar codeword size .
If , repetition of  bits is applied to Polar code of size .
Rate matching algorithm for Polar codes support puncturing of 1-bit granularity.
Rate matching algorithm for Polar codes consider both types of puncturing: (a) puncturing of coded bits with deterministic value of 0; (b) puncturing of coded bits with non-deterministic values.

Observation 1 Decoding algorithm and SCL list size to implement are up to receiver implementation.
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