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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN1#89, the design of different sequences for Polar code was discussed. The advantages of a single-sequence scheme are evaluated in [1] with comparisons with multiple-sequence schemes. It is observed that a multiple-sequence scheme, either in term of mother code length N or modulation order brings about little performance gain against single nested-sequence one but with more space complexity. 
In this contribution, we will discuss some nested sequence designs including an online bit-allocation algorithm ([2]) that essentially adapts the bit position set to a given rate-matching scheme and derives from a relatively short ordered sequence, for example that of a mother code length 64..
Discussion 
Single Fixed Nested Sequence
A single nested sequence design essentially adapts more than one rate-matching scheme to one single fixed ordered sequence as a function of coding rate R and code length M. This not only requests a single ordered sequence design to support a wide range of SNRs, coding rates and various candidate rate-matching schemes, but also preferably results in a small hardware area and low description complexity.
One example is the PW (Polarization Weight) sequence whose theoretical analysis is detailed in [3]. Another example is the SS-Sequence [4] resulting (or synthesized) from a large number of trial-and- adjustment iterations (Monte-Carlo). Both sequences have the common set of relations governed by UPO, assume an overall nested feature, and exhibit a very similar coding performance under both SC and SCL decoding with the same rate-matching scheme [5]. In addition, a single-nested sequence can work with various rate-matching schemes, as observed in [6]. 
Observation-1: Single nested sequence can support different coding rates, code lengths and various rate matching schemes.
Among single nested sequences proposed so far, PW exhibits the best performance with some extra benefits compared to others:
· Low description complexity: the PW sequence is described by a simple equation detailed in [3]. Its numeric precision has been discussed and verified in [8] 
· Forward compatibility: the PW sequence by equation is extended to a longer code length. 
· Hardware complexity: Thanks to its symmetry property, its space complexity can be saved up to 75% as analysed in [9].
Observation-2: PW sequence is more flexible and has lower complexity than other single nested sequences.
Online calculation based (OCB) short sequence
An example of OCB short sequence is the algorithm detailed in Appendix-B of [2]. For a fixed puncturing/shortening pattern, the algorithm splits the capacity CN into CN/2- and CN/2+ at each level down to a sequence of a mother code length of 64. It is crucial to carry some rate-matching related information (alpha in 2) into each channel split. Otherwise, the channel split is reduced to a channel split over BEC channel, resulting into a poor performance [5].  
Besides, this OCB method assumes:
· The channel capacity WN is approximated by its coding rate R. Because this assumption is valid only for very large mother code lengths, the proposed channel split is forced to stop at Nref = 64 rather than further going down.  Whether N=64 is long enough to ensure the approximation accuracy is yet to be proven. 
· The channel split is a channel decomposition over BEC one but with some correction item. Hence it is in question if it is representative of the specific properties of a Gaussian channel. 
[bookmark: _GoBack]Although, the calculation of KN/2+ and KN/2- has been optimized in [2], it is still not capable to provide stable performance especially for medium to high code rate due to the above two theoretical incompleteness.  It can be justified by the fine-granularity simulation in Figure 1 with an SC decoder. Based on analysis and performance, it can be concluded that the OCB short sequence is a sort of kind of rate matching scheme, like QUP, which adapts bit allocation with a fixed puncturing/shortening pattern.
[image: ]
Figure 1	OCB based sequence performance in SC decoder
Observation-3: OCB short sequence scheme fails to represent the rate-matching scheme information in each channel decomposition.
The computational complexity for this OCB short sequence scheme has been investigated in [5] and the results show that it has much higher complexity than single nested sequence. It should be clarified that extra complexity and latency are introduced with the optimization presented in [2]. From the implementation point of view, single nested sequence can use the sub-channel ordering to decode some “good bits” with smaller list size or SC to reduce the implementation complexity while online-calculation-based rate matching has no information of sub-channel reliability which limits the flexibility and simplification of implementation.  
Observation-4: OCB short sequence design has higher computational complexity and limits the flexibility and simplification of implementation
Implementation Considerations
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Description and hardware complexity are elements that must be considered for the evaluation of the different Polar code sequence proposals. An easy-to-implement code sequence method with a small hardware complexity is preferred. For all possible hardware implementations, the resulting Polar sequence must correspond exactly to the simulated results (using real numbers and maximum accuracy in the computations).  Otherwise, the expected BLER performance cannot be guaranteed by the hardware logic circuitry.
The sequence implementation must also support different Polar decoder techniques used to reduce the decoding latencies.  For example, decision-aided Polar decoding takes advantages of some of the most reliable codeword bit positions carrying information bits to skip the path metric sort.  Therefore, the Polar code sequence should not only be capable to select the best K bits within the M available positions, but also tag the best K bits as “good bits”.
Conclusion
Observation-1: Single nested sequence can support different coding rates, code lengths and various rate matching schemes.
Observation-2:  PW sequence is more flexible and has lower complexity than other single nested sequences.
Observation-3: OCB short sequence scheme fails to represent the rate-matching scheme information in each channel decomposition.
Observation-4: OCB short sequence design has higher computational complexity and limits the flexibility and simplification of implementation.
Proposal-1: 	Adopt PW sequence for Polar codes on NR control channel.
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