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Introduction
In RAN1#87, Polar codes were adopted as channel coding for uplink control information and downlink control information (working assumptio) for eMBB system except for very small block length [1]. A detailed design of Polar codes is proposed in [2] for control channel in eMBB system. A circle buffer based rate-matching scheme with block puncture/shortening/repetition is propsed in [3].  
In RAN1#89 in Hangzhou[4], the following agreement of rate-matching have been reached.
Agreement:
After segmentation (if any):
· K is the number of information bits (including CRC if one is attached)
· M is the number of coded bits for transmission
· NDM  is the smallest power of 2 that is >=M
· NM  is 
· NDM /2     if    M < β* NDM /2 and K/M < Rrepthr,   1<=β<2  (exact value FFS; it is not precluded that β is a function of NDM)
· Otherwise, NDM         
· FFS the value of Rrepthr;  Rrepthr = 0 not precluded
· NR is the smallest power of 2 that is >= K/Rmin
· Rmin is the supported minimum coding rate, 
· ~1/12<=Rmin<=~1/5, FFS the exact value 
· Nmax is the maximum supported mother code size 
· The mother code size N is determined as min(NM, NR, Nmax)
· Repetition is applied when   M > N
· Puncturing or shortening is applied when M < N    
· Puncturing for lower code rates, e.g. in cases where code rate <= Rpsthr, and/or other condition(s) 
· Shortening for higher code rates, e.g. in cases where code rate > Rpsthr, and/or other condition(s)
· Details FFS

In this contribution, we will provide more details on the rate-matching scheme according to this agreement.
Rate matching scheme for control channel 
The mother code sizes of Polar codes are power of 2. In pratical system, the supported code size may not necessarily be exactly power of 2. In such cases, rate-matching is necessary for Polar codes. 
The detailed overall structure of the proposed rate-matching scheme is dipected in Figure 1. Puncturing and shortening in performed in X domain for frozen bits in corresponding positions in U domain. Block puncturing is considered here to simplify rate match as well as for low decoding complexity. The sequence of sorted index according to reliability is the same as the case without rate match. However, to achieve good performance, information bit allocation in the upper N/2 and lower N/2 bits in u-domain is adjusted according to the puncture/shorten pattern based on some calculation based on mutual information (MI). The block puncture/shortening/repetition are used according to the number of the information bits, the supported code size, the minimum coding rate and the maximum coded block size. The detailed frame structure of this block puncture/shortening/repetition will be introduced later.



Figure 1 The overall structure of the rate-matching scheme
In the rest of this section, we will introduce the three blocks one by one.
Set puncture/shortening positions for frozen bits
In the proposed block rate match scheme, we set puncturing/shortening positions in X domain and set the corresponding positions as frozen bits in U domain. This implies the puncturing or shotening patterns in X domain are identical to that in U domain. Block based rate match has been shown to have good performance [3][7] and also low decoding complexity for different polar decoding architectures [6].
Code parameter determination (M, K (K+/K-)) and information bit allocation adjustment in K+/K-
It was shown in [3][7], to get better performance, the information bit allocation needs to be adjusted to account for the impact of puncturing/shortening. In this contribution, we propose a few simple scheme to adjust the number of the information bits allocated to upper part in U domain (K-) and lower part in U domain (K-). The (K+/K-) values can be easily calculated based on density evolution of mutual information (DE-MI). The following relationship can be easily derived [7]:
Block puncture: ,  , where 
Block shorten: ,   where 
where K is the total number of non-frozen bits to be allocated, including payload and all CRC bits. 
Block RM based on information allocation adjustment using long sequence
The conventional way long sequence based rate match is to generate the long sequence in serial and avoid punctured/shortened locations in u domain until total K information bit is reached (as shown in Figure 2-a.
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Figure 2-a information bit allocation without adjustment
The proposed information bit allocation adjustment scheme can be fully compatible with any long sequence as shown in Figure 2-b. In this case, the information bit allocation to upper and lower u domain is calculated as K- and K+, long sequence will still generate information bit allocation, in addition to avoid punctured/shortened bit location, the allocation will also skip the bit, if the corresponding K- or K+ value is reached in upper or lower part of the u domain in order to achieve the desired information allocation adjustment. In the example in Figure 2-b, block puncturing is assumed.
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Figure 2-b information bit allocation with adjustment
The computation of K+/K- value is straightforward and needs to be performed only once. It can be either tabulated along with (M, K) value (e.g., saving (M, K, K-) tuple) or it can also be calculated easily on the fly. In fact, no explicit K-/K+ value calculation will be needed, the accumulated value of information bits allocated to W-/W+ can be simply multipled by M2 and compared with a threshold that is determined by multiplying the RHS of (1) and (2) with M2. In such a way, the information adjustment simply involves some accumulation and comparison operation on the fly. Block based rate match is very simple and cam be implemented with classic circular buffer rate match structure as illustrated in the next session.
Bit selection
Block puncture/shortening/repetition are proposed for rate-matching scheme. Several parameters about block puncture/shortening/repetition are for further study in the agreement in RAN1#89. The values of these parameters are suggested in Table 1 according to the simualtion results [5]:
Table 1 suggested values for parameters
	Parameter
	Value

	Rmin
	1/6

	Rpsthr
	1/2

	Rrepthr
	1/3

	β
	1+1/16
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Figure 2  Circular buffer for rate-matching
With these parameters, a circular buffer is constructed with size of N and dipected in Figure 2. The block puncture/shortening/repetition are implemented as follows.
1) Block puncture, N-M=P coded bits are punctured based on Polar code (N, K) from position 0th in clockwise.
2) Block shortening, N-M=P coded bits are shortened based on Polar code (N,K) from position (N-1)th in anti-clockwise.
3) Block repetition, M-N=R coded bits is are repeated based on Polar code (N, K) from position 0th in clockwise. 

Performance evaluation
We compare the performance of block rate-matching with information allocation adjustment (BRMIAA) to that of bit-revesal shortening based rate-matching scheme for varaible rates. In both schemes, PW based sequence is used. In bit-revesal shortening scheme, bit-reversal shortening is always used except repetition is used when M is larger than maximum N. It can be seen that BRMIAA outperforms bit-reversal shortening across all the rates. It needs to be clarified that the same block based repetition is used for both bit-reversal and BRMIAA when M exceed Nmax, so the curve for low rate R=1/6 and large K is aligned for two curves.
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Figure 3  Performance comparison betwe QC solution and bit-reversal shortening
Observation 1: Block rate match has low rate match and polar decoding complexity.
Observation 2: Block rate match with information allocation adjustment outperforms bit-reversal shortening in across all the rates.
Proposal 1: Adopt block rate-matching of NR control channels.
[bookmark: _GoBack]Proposal 2: Adopt block rate-matching with information allocation adjustment of NR control channels.
Conclusions
Rate matching schemes are discussed for polar code for NR control channel. The simulation results that the proposed algorithms have better performance than that of bit-reversal shortening.   
Observation 1: Block rate match has low rate match and polar decoding complexity.
Observation 2: Block rate match with information allocation adjustment outperforms bit-reversal shortening in across all the rates.
Proposal 1: Adopt block rate-matching of NR control channels.
Proposal 2: Adopt block rate-matching with information allocation adjustment of NR control channels.
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