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Introduction
In RAN1#89 meeting, it was concluded that the following issues should be considered when designing Polar codes [1].
	Agreement: 
· Working assumption (1) that a single fixed sequence is provided for information and frozen bit selection for each mother code size
· FFS until June adhoc whether an additional fixed sequence per mother code size is beneficial for:
· 16QAM vs other modulations
· UL vs DL
· FFS until June adhoc the impact of channel interleaving on the possible need for multiple sequences
· A set of fixed sequences for different mother code sizes are derived from a single sequence for a single reference mother code size 
· The single reference mother code size is either: 
· the largest mother code size, max(Nmax,UCI, 512), or
· 64
· To be decided in June adhoc 
· If the working assumption (1) above is modified such that there is more than one sequence for the largest mother code size, additional set(s) of sequences may be derived for the other mother code sizes. 
· When selecting the sequences, take into account at least the known CCE sizes and if possible typical payloads 


The structure of Polar codes is shown in Fig. 1. In this contribution, we show the interleaving design for Polar codes, which can support different parallelized decoding structure to reduce latency.


Fig. 1 The structure of Polar codes for NR
The following notations are used in this contribution.
K:		information block size
M:		codelength

N:		mother codelength, 
K1:		number of input bits of the basic encoder
ui:		input bits of the basic encoder
xi:		coded bits of the basic encoder
Decoding of Polar codes
Polar codes are decoded by FFT-like structure. However, due to specific decoding order, the decoding scheduling of different information bits is not uniform. For example, in Fig. 2, the decoding order of Polar codes with codelength 4 is shown.


Fig. 2 The decoding order of Polar codes with codelength 4
In this case, full-parallel implementation may be not efficient for decoding and some semi-parallel implementations may be used for decoding polar codes, especially for low power equipment.
If the interleaving is performed across all coded bits, the decoder should wait until all the information bits are received and deinterleaved, which may increase the latency. In the next section, we propose a interleaving method which can support semi-parallel implementations.
Interleaving of Polar codes
Code bit group
In order to support semi-parallel design, considering whether the coded bits can be calculated by the decoder at the same time, all the coded bits can be grouped according to the decoder function units. For example, in Fig. 3, the received symbols/LLRs with same colors will be needed simultaneously for a calculation, so these bits with same color can be grouped in four groups {L0, L4}, {L1, L5}, {L2, L6} and {L3, L7}.


Fig. 3 Example of code bit groups of Polar codes
Another example is shown in Fig. 4. If the decoder can calculate two f functions at the same time, then all the coded bits can be divided into two groups {L0, L2, L4, L6} and {L1, L3, L5, L7}.


Fig. 4 Example of code bit groups of Polar codes
Separated interleaving
In order to enable the decoder to start the calculation before receiving all the symbols/LLRs, the interleaving can be first performed within each group, then be combined to form the final interleaved sequence.
Considering rate matching of Polar codes, such separated interleaving can be performed before or after the rate matching. In Fig. 5, the structure of separated interleaving before rate matching is shown.
[image: ]
Fig. 5 The structure of separated interleaving before rate matching
After the mother code encoding, rate matching maker can be added to all the code bits to indicate whether the bits need to be removed or repeated. After the marking operation, all the coded bits can be grouped to several code bit group and perform interleaving within each group.
In Fig. 6, the structure of separated interleaving after rate matching is shown.
[image: ]
Fig. 6 The structure of separated interleaving after rate matching
After the mother code encoding, group maker can be added to all the code bits to indicate whether the bits can be calculated at the same time. After the marking operation, the rate matching can be performed. Then all the coded bits can be grouped to several code bit group and perform interleaving within each group.
Performance evaluation
In this Section, we show the BLER performance of the separated interleaving and compare it with not-separated interleaving. The evaluation assumptions are shown in Table 1 and the evaluation results are shown in Fig. 7 ~ 10.
The evaluated separated interleaving is performed before rate matching within two coded bit group.
Table 1 Evaluation assumptions
	Channel
	AWGN

	Modulation
	16QAM

	Code rate
	1/6, 1/3, 1/2, 2/3

	Rate matching
	Bit-reversal

	Decoding algorithm
	List SC with list size of 8

	Info. block length (bits w/o CRC)
	48, 64, 80, 120



[image: ]
Fig. 7 The performance of the proposed sequence design with bit-reversal rate matching and K = 48
[image: ]
Fig. 8 The performance of the proposed sequence design with bit-reversal rate matching and K = 64
[image: ]
Fig. 9 The performance of the proposed sequence design with bit-reversal rate matching and K = 80
[image: ]
Fig. 10 The performance of the proposed sequence design with bit-reversal rate matching and K = 120
It can be seen from the evaluation, Polar codes with the separated interleaving have competitive performance with no separated interleaving.
Observation 1: Polar codes with separated interleaving have the same performance as no separated interleaving.
Based on the technical discussion of the benefit to decoder implementation, as well as performance verification, we propose the following.
Proposal 1: Separated interleaving should be considered for Polar codes design.
Summary
In this contribution, we evaluated different interleaving methods. Based on the evaluation results, we have the following Observation and Proposal.
Observation 1: Polar codes with separated interleaving have the same performance as no separated interleaving.
Proposal 1: Separated interleaving should be considered for Polar codes design.
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