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1. [bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In the RAN1#89, various sequence design schemes have been discussed.  A further evaluation was agreed: 
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
· [bookmark: _GoBack]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 current status of the sequence design is summarized in the table below. 
Table 1. Sequence design schemes for further evaluation
	Sequence design
	Property

	Single sequence
	Nested sequence with Nmax (Nmax,UCI, 512) to cover all possible DCI/UCI payload size for different (M,K)

	Multiple sequences
	a) Multiple sequences by mother code length (N) to cover different (M,K)

	
	b) Multiple sequences for different modulation order (QPSK, 16QAM, 64QAM

	Online calculation based (OCB) short sequence
	Online construction with a static rate matching, no sequence indicating the real ordering of sub channels



The objective of this contribution paper is to evaluate the various sequence design schemes in terms of coding performance, implementation complexity, implementation flexibility, and description complexity. Among these factors, the coding performance is the most critical one. However, in case that two sequence design schemes had a similar coding performance, other factors would be considered.  
An OCB short sequence scheme includes an online bit-position allocation algorithm for a fixed rate matching scheme and doesn’t result into any sequence indicating the reliability orders among the sub-channels. Thus, it differs from sequence-based bit allocation in many aspects such as the complexity and latency, which will be evaluated in [1].
2. Discussion
2.1 Nested Property of Polar Code Construction
It is well understood that an ordered sequence of a polar code has a nested property inherent to a polarization construction. A polar code generator matrix GN of a mother code length N can be easily divided into two generator matrices of a mother code length N/2 in two alternative ways:  
· One polar generator matrix from 0~ N/2-1 and the other from N/2 ~ N-1; 
· One polar generator matrix that takes the even-numbered rows and columns of GN and the other that takes the odd-numbered rows and columns of GN.   
This nested property has been verified by various sequence generation methods such as heuristic PW sequence [2], DE/GA[3][4] and Monte-Carlo [5][6]. 
Observation-1: Polarization construction and sequences for Polar codes have nested property.
2.2 Single Sequence Scheme
A single sequence scheme is a natural result from the nested property of polar codes. One instance of a single sequence scheme is PW sequence in [2]; the other is a nested-sequence by an exhaustive searching method. Although obtained differently, both exhibit a similar coding performance. Figure 1 illustrates the coding performances of the PW sequence and single nested sequence by exhaustive searching method [10] with Nmax=1024. Simulation parameters are given in Table 1 in Appendix A.
[image: ]
[bookmark: _Ref481218545]Figure 1	. BLER performance for single nested sequences
The PW sequence (red curves) and the single nested sequence (blue curves) have almost identical performance with various list sizes: L= 2(dot line), 8(solid line), and 32(dash line). 
Observation-2: A single nested sequence synthesized by a large number of simulations has identical coding performance to a PW sequence.
2.3 [bookmark: _Ref480548555]Multiple Sequences Scheme  
Multiple sequences for different mother code lengths N
A multi-sequence scheme is an extension from a single-sequence one without making use of the nested property of polar code. In theory, a multi-sequence scheme is supposed to have a similar performance as single-sequence one at a cost of more space complexity than single one. 
Contribution [7] proposes a multiple sequence scheme as a result of an offline Monte-Carlo method: a sequence is generated for each mother code length N.  Although some advocate multi-sequence scheme in term of coded block length M, this kind of scheme actually assumes a given rate-matching scheme (puncturing/shortening pattern) in building a sequence. In particular, one fixed rate-matching scheme is insufficient for all coding lengths and coding rates as we have observed so far and it has been agreed that puncturing and shortening should be applied for lower code rate and higher code rates [11].   
To make a comparison between a multi-sequence scheme and a single-sequence scheme, we use a Monte-Carlo method to search an optimal sequence for each mother code length [10], and run the simulations with the same rate-matching schemes for both cases. The simulation parameters can be found in Table 1 in Appendix A.
[image: ]
Figure 2. BLER performance for single nested/multiple mother code length(N) sequences
Figure 2 illustrate that a single nested sequence (blue curves) and multiple sequences for different mother code length (black curves) have almost identical performance with various list sizes: L= 2(dot line), 8(solid line), and 32(dash line).
Observation-3: Single nested sequence and multiple nested sequences show almost the same performance.
Multiple sequences for different modulation orders
In [8], it is claimed that if an ordered sequence was built for a modulation order higher than QPSK with a consideration of different bit reliability levels within a modulation symbol, it might outperform the single sequence case, especially at relatively low coding rates. It is noted that this observation is based on simulations without an interleaver. It is straightforward to apply a simple bit-interleaved-coded-modulation (BICM) scheme to randomize the coded bits for better coding performance. Some simple designs [12][13] which have similar performance to random interleaver can be applied.
We simulate a CA-polar code (19-bit CRC) with a list size 8 with a PW sequence with and without a random interleaver in Figure 3. 
[image: ]
Figure 3. Performance of PW sequence under high order modulation (a) 16QAM (b) 64QAM
It is observed that: 
· The coding performance without interleaver in Figure 3 is consistent with the performance in [8].
· An interleaver improves the coding performance for all cases, especially at relatively low code rates. 
· Performance improvement attributed to an interleaver is robust and better than that attributed to the construction of a specific sequence for higher order modulation in [8]. 
· It should be noted that an exhaustive search is used in [8] to get the information bits allocation for different modulation orders and different construction parameters. Performance of this kind of channel dependent sequences need to be proven for different fading channels. 
Observation-4: An interleaver can be applied with single nested sequence to get robust performance for high order modulation.
In summary, for different mother code lengths or for different modulation orders, the multi-sequence approach does not provide any coding performance gain respect to the single-sequence, besides being more complex than the single-sequence approach.
Proposal-1: One single nested sequence design should be adopted for NR eMBB control channel.

3. Conclusion 
In this contribution, we described sequence design for NR Polar code. Based on the analysis and performance comparison, we have the following observation and proposals.
Observation-1: Polarization construction and sequences for Polar codes have nested property.
Observation2: A single nested sequence synthesized by a large number of simulations has identical coding performance to a PW sequence.
Observation-3: Single nested sequence and multiple nested sequences show almost the same performance.
Observation-4: An interleaver can be applied with single nested sequence to get robust performance for high order modulation.
Proposal-1: One single nested sequence design should be adopted for NR eMBB control channel.

[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]References 
[1]  R1-1710000, Nested sequence for Polar code, Huawei, HiSilicon.
[2] R1-167209, Polar code design and rate matching, Huawei, HiSilicon,
[3] R1-1707059, Evaluation of sequence design for polar codes, NEC
[4] R1-1705633, FRANK polar construction: nested extension design of polar codes based on mutual information, Qualcomm.
[5] R1-1705425, Design of a Nested Sequence for Polar Codes, Samsung
[6] R1-1705758, Sequence design of Polar codes, DOCOMO
[7] R1-1704774, Sequence design for Polar code, intel
[8] R1-1707073, Impact of Information Bit Locations to Polar Codes with High Order Modulations, Ericsson
[9] R1-1709996, Parity check bits for Polar code, Huawei, HiSilicon. 
[10] R1-1706966, Sequence design for Polar code, Huawei, HiSilicon.
[11] Chairman’s Notes, RAN1#89.
[12] R1-1709999, Interleaver design for Polar code, Huawei, HiSilicon.
[13] R1-1708649, Interleaver design for Polar code, Qualcomm.

Appendix A:
Table 1. Simulation settings
	Code sequence
	Multiple sequences with mother code length by offline searching 
One nested sequence by offline searching
One nested sequence ordered by polarized weights in [2]; 

	Code construction
	PC-CA Polar [9]

	List size 
	2, 8, 32

	Mother Code length 
	64, 128, 256, 512, 1024

	Information bits  for N
	20 ~ 200




image3.emf
Es/N0 (dB)

2 4 6 8 10 12 14 16 18

B

L

E

R

10

-3

10

-2

10

-1

10

0

N=512, List=8, 64QAM, AWGN

No Interleaver R=1/6

No Interleaver R=1/3

No Interleaver R=1/2

No Interleaver R=2/3

With Interleaver R=1/6

With Interleaver R=1/3

With Interleaver R=1/2

With Interleaver R=2/3

Es/N0 (dB)

0 2 4 6 8 10 12

B

L

E

R

10

-3

10

-2

10

-1

10

0

N=512, List=8, 16QAM, AWGN

No Interleaver R=1/6

No Interleaver R=1/3

No Interleaver R=1/2

No Interleaver R=2/3

With Interleaver R=1/6

With Interleaver R=1/3

With Interleaver R=1/2

With Interleaver R=2/3

(a)

(b)


image1.emf
Info Length

20 40 60 80 100 120 140 160 180 200

S

N

R

-10

-8

-6

-4

-2

0

2

4

6

8

10

@BLER=0.001, QPSK/AWGN, List=8, CRC19

N=1024

N=512

N=256

N=128

N=64


image2.emf
Info Length

20 40 60 80 100 120 140 160 180 200

S

N

R

-10

-8

-6

-4

-2

0

2

4

6

8

10

@BLER=0.001, QPSK/AWGN, CRC19

N=64

N=128

N=256

N=512

N=1024


