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Introduction
In RAN#71, a new study item, “Study on New Radio Access Technology,” has been approved. The initial work of the study item is expected to focus on fundamental physical layer signal structure for new RAT, of which channel coding scheme is listed as an area to investigate. In RAN1#84bis meeting, simulation assumptions were agreed for the eMBB, URLLC, and mMTC scenarios.  In RAN1 #86 and RAN1 #87bis meeting, agreement and working assumption were reached to use LDPC codes for eMBB for both UL and DL data channels. For UL control channel, agreement was reached to adopt Polar codes (except for very small block lengths where repetition/block coding may be preferred). For DL control channel, working assumption is to adopt Polar Coding (except FFS for very small block lengths where repetition/block coding may be preferred).

In this contribution, we discuss considerations in defining Polar codes for the uplink and downlink control channel of NR.
Maximum Polar Code Size for Control Channel
The main idea of polar coding is that under the successive cancellation (SC) decoding paradigm, a pair of identical binary-input channels can be transformed into two distinct channels of different qualities, one better and one worse than the original binary-input channel.  By repeating such a pair-wise polarizing operation on a set of  independent uses of a binary-input channel, a set of  “bit-channels” of varying qualities can be obtained.  Some of these bit channels are nearly perfect (i.e. error free), which are used to carry information, while the rest of them are nearly useless (i.e. totally noisy), which is fixed or frozen to value known to the receiver.  The locations of these frozen bits and non-frozen (or information) bit-channels govern the performance of polar codes.  They vary with, and thus need to be made available for, different combinations of information block size  and codeword size .
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 information block size is expected to be in the range of 200 bits on the higher end. Hence it is appropriate to use  for UCI. This provides a mother code rate in the range of R= 0.2 for the largest UCI. Since UCI does not require blind decoding of multiple candidates in one attempt, selection of  can be more relaxed compared to DCI.

1. Maximum Polar code size for DCI is .
1. Maximum Polar code size for UCI is .
Precoding for Polar
It is known that Polar codes without assistance do not provide BLER performance competitive to other coding techniques. Precoding is necessary to improve the Polar code performance.
The following methods have been proposed to provide precoding:
· CRC-based [2];
· Parity-checksum based [4];
It should be studied further which precoding method is the best option considering BLER performance, latency and implementation efficiency.
Encoding of Control Information

In physical downlink control channel design, single-stage and multi-stage DCI are being discussed.

Single-stage DCI 
This is the conventional method of communicating DCI, where the entire control payload is jointly coded with a single CRC embedded for error detection.  As every bit is encoded with the entire code length, single-stage DCI enables the most efficient coding and resource utilization. 

Two-stage DCI 
While single-stage DCI is assumed to be the baseline, there is also the discussion of two-stage DCI. While the exact definition is not yet clear, in general it is understood that the DCI is split into two parts, DCI_part1 and DCI_part2, each transmitted separately.
To ensure proper reception of DCI_part1, CRC bits need to be attached to DCI_part1. Once DCI_part1 is decoded, and has passed error detection of CRC_part1, then DCI_part1 can be used as frozen bits in encoding of DCI_part2. This is illustrated in Figure 1, where V2 indicates known bits used as frozen bits in Encoder 2.



[bookmark: _Ref462998927][bookmark: _GoBack]Figure 1. Illustration of encoding of two-stage DCI.
	
Conclusion
In this contribution, we discussed several issues associated with Polar coding for NR control channel.  Based on the discussion, we have the following proposals:


1. Maximum Polar code size for DCI is .
1. Maximum Polar code size for UCI is .
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