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1. Introduction
In RAN1 #87 [1], it was agreed that

· UL eMBB data channels:

· Working Assumption to adopt flexible LDPC as the single channel coding scheme for small block sizes 

· DL eMBB data channels:

· Adopt flexible LDPC as the single channel coding scheme for all block sizes

· UL control information for eMBB

· Adopt Polar Coding (except FFS for very small block lengths where repetition/block coding may be preferred)
· DL control information for eMBB
· Working Assumption to adopt Polar Coding (except FFS for very small block lengths where repetition/block coding may be preferred)
The mother code block length of Polar code is a power of two, code bit puncturing is a prevalent way to obtain Polar codes with arbitrary lengths. And there are several code bit puncturing methods proposed [2-4].In this contribution, different rate matching methods are compared and a circular buffer combined with these matching methods is demonstrated.

2. Rate matching scheme

In [3], a localized code bit puncturing method is introduced. Notations in this contribution are explained in Table 1.
Let P = N – M be the targeted number of punctured code bits, rate matching scheme for low mother code rate, i.e., Rm=K/N ≤ 1/4, is
· Puncture Cj for j = 0, …, min(P, N/4) – 1.

· If P > N/4, further puncture Cj for both

· j = N/4, …, N/4 +  ceil((P – N/4) / 2) – 1

· j = N/2, …, N/2 + floor((P – N/4) / 2) – 1

It should be noted that for this code bit puncturing method, the LLR(s) of the punctured code bit(s) will be set to zero before fed into the decoder.

· Table 1
Notations

	K
	information bits length

	N
	mother code block length

	M
	code block length

	P
	Punctured bit length, P=N-M

	L
	list size of SCL decoder

	R
	code Rate (K/M)

	Rm
	Mother code rate(K/N)

	Q
	bit reversal sequence

	Cj
	Encoded bits ,j=0,..,N-1


In [4], a scattering puncturing method is utilized. The puncturing pattern is computed in a deterministic way. Simply bit-reverse the descending-ordered binary indices [0, 1,  …, N-2, N-1] and mark the N-M indices with highest bit-reversed value as punctured positions. It should be noted that for this code bit puncturing method, the LLR(s) of the punctured code bit(s) will be set to infinite before fed into the decoder.
The performance of these two rate matching methods is showed in Figure 1, where PS represents scattering puncturing method, PL represents localized puncturing method. The simulation assumptions are given in Table 2 .From the simulation results, it can be obtained that the localized puncturing method outperforms the scattered puncturing method in low code rate or mother code rate, while the scattering puncturing method is superior to localized puncturing when the code rate or mother code rate is pretty high. In summary, a hybrid rate matching method combining these two puncturing scheme should be used to achieve a better performance, i.e. when Rm≤1/4 and R≤2/5, the localized puncturing method should be utilized, otherwise the scattering puncturing method should be employed.

Table 2 Evaluate BLER performance versus SNR for eMBB control channel
	Channel
	AWGN

	Modulation
	QPSK

	Coding/Decoding Scheme
	Parity-check Polar /SCL decoder with L=8

	Rate matching scheme
	scattering puncturing method

	
	localized puncturing method

	Code rate
	1/12, 1/6, 1/3,1/2,2/3

	Info. block length
	32, 64,80,120,200
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(a) Information bits length is 32
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(b) Information bits length is 64
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(c) Information bits length is 80
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(d) Information bits length is 120
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(e) Information bits length is 200

Figure 1 BLER performances of puncturing schemes
Proposal 1: A hybrid rate matching method combining localized puncturing method and scattering puncturing method should be employed for different code rates or mother code rates, i.e., when Rm≤1/4 and R≤2/5, the localized puncturing method is utilized, otherwise the scattering puncturing method is used.
3. Circular buffer 
Although the hybrid rate matching is proposed to achieve a better performance, two different hardware designs are needed, which would inevitably increase the implementation complexity. A circular buffer could be used to simplify the implementation as it does in LTE.
Here a circular buffer combined with these two puncturing method is introduced. The circular buffer is consisted of four parts and constructed as follows:

Step1.  The sequence QN is obtained by BRO interleaving the encoded bits O= [C0,C1, …,CN-2, CN-1] ,sequence QP is the last P bits of  sequence QN.
Step2. The first part of the circular buffer CB1 is the intersection of sequence QP and sequence O1and is sorted by the same way as QP, where 
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, N1=3/16N.It is assumed when the mother length of Polar code is larger than 8.
Step3. The second part of the circular buffer CB2 is the difference set of sequence O1 and the first part of circular buffer CB1 .The bits in CB2 have the same order as they do in the sequence O1.
Step 4.The fourth part of circular buffer CB4 is the intersection of sequence QP and sequence 
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, where O2 is the subtraction of sequence O1.from QN. The bits in CB4 have the same order as they do in the sequence QP.
Step 5. The third part of the circular buffer CB3 is the difference set of sequence O2 and the fourth part of circular buffer CB4. The bits in CB3 are sorted by the same way as O2.
The architecture of circular buffer is presented in Figure2.
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Figure 2 Architecture of circular buffer
If the condition that Rm≤1/4 and R≤2/5 is satisfied, take the last M bits of circular buffer as the transmitted code block, otherwise transmit the CB2 and CB3 part of circular buffer. By this way, when the requirements are met, the circular buffer scheme is similar to the localized puncturing method is, in other cases the circular buffer scheme is equivalent to scattering puncturing method. Thus the circular buffer scheme can achieve a comparable performance with the hybrid rate matching scheme.
Take the case that K=9 and R=1/2 as an example. 
Step1. BRO interleaved sequence is QN=[C0,C16,C8,C24,C4,C20,C12,C28,C2,C18,C10,C26, C6,C22,C14,C30,C1,C17,C9,C25,C5,C21,C13,C29,C3,C19,C11,C27,C7,C23,C15,C31] and QP=[ C9,C25,C5,C21,C13,C29,C3,C19,C11,C27,C7,C23,C15,C31].
Step 2.The first part of the circular buffer CB1 = QP∩O1=[C5,C3], where O1= [C0,C1,C2,C3,C4,C5]
Step 3.The second part of the circular buffer CB2= O1\ CB1=[C0,C1,C2,C4]

Step 4. The 4# part of the circular buffer CB4= QP∩O2=[C9,C25 ,C21,C13 ,C29,C19,C11,C27 ,C7,C23 ,C15,C31], where O2= [C6,C7,C8,C9,C10,C11,C12,C13,C14,C15,C16,C17,C18,C19,C20,C21].
Step 5. The 3# part of the circular buffer CB3= O2\ CB4=[ C16,C8 ,C24,C20,C12 ,C28,C18,C10,C26,C6,C22 ,C14,
C30,C17].
Then the  sequence in the circular buffer is [CB1,CB2,CB3,CB4]=[C5,C3 ,C0,C1,C2 ,C4 ,C16 ,C8,C24 ,C20,C12,C28,C18,C10,C26,C6,C22,C14,C30 ,C17,C9,C25,C21,C13,C29,C19 ,C11,C27,C7,C23 ,C15,C31]. Since K=9 and R=1/2, the second and third part of circular buffer, i.e.[ C0,C1,C2,C4, C16,C8 ,C24,C20,C12 ,C28,C18,C10,C26,C6,C22 ,C14,C30,C17] should be taken as the code block and transmitted.
Performance of circular buffer method and hybrid schemes are compared by simulation where the simulation assumptions for eMBB control channel are shown in Table 3. 

Table 3 Evaluate BLER performance versus SNR for eMBB control channel
	Channel
	AWGN

	Modulation
	QPSK

	Coding/Decoding Scheme
	Parity-check Polar /SCL decoder with L=8

	Rate matching scheme
	Hybrid rate matching scheme

	
	Circular buffer scheme

	Code rate
	1/12, 1/6, 1/3,1/2,2/3

	Info. block length
	32,64,80,120,200


The simulation results are presented in Figure 3 and demonstrate that in most cases, the BLER curve of circular buffer scheme coincides with that of hybrid rate matching scheme.

Observation 1: The circular buffer scheme can achieve a similar performance with the hybrid rate matching scheme.

From the simulation results, it can be obtained that the circular buffer introduced can fulfil both localized and scattered puncturing scheme by one interleaver, which simplifies the implementation.
Proposal 2: A circular buffer that is compatible with both localized and scattered puncturing method can be used to simplify the implementation.
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(a) Information bits length is 32
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(b) Information bits length is 64
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(c) Information bits length is 80
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(d) Information bits length is 120
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(e) Information bits length is 200
Figure 3 BLER performances of hybrid rate matching scheme and the circular buffer scheme

4. Conclusion
In this contribution, a circular buffer used for rate matching of Polar code is proposed.
Proposal 1: Localized puncturing method and scattering puncturing method should be combined to form a hybrid rate matching method to fit different code rates or mother code rates.

Proposal 2: A circular buffer that is compatible with both localized and scattered puncturing method should be used to simplify the implementation.

Observation 1: The circular buffer scheme can achieve a similar performance with the hybrid rate matching scheme.
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