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Introduction
In the RAN1#86 meeting, it was concluded that companies are encouraged to provide any remaining details of the flexibility requirements and how they can be satisfied, and corresponding implementation complexity and any impact of performance [1].
In [2], Samsung proposed QC LDPC structure which can support the length compatibility by using lifting and shortening. The lifting technique enables the parity-check matrix to adjust its size according to the target code block size by changing circulant permutation matrices (CPMs) within the parity-check matrix. In the implementation point of view, the lifting requires to support the various sub-block size and circular shift value. 
In this contribution, we introduce several existing implementations for shift network to support multiple sizes of CPMs and analyse their complexity.

Shift Networks
QC LDPC code can be defined by a parity-check matrix (PCM) consisting of  CPMs and zero matrices. A decoder of QC LDPC code is composed by variable node (VN), check node (CN), and interconnection networks. Each column of PCM is corresponding to a VN and each row of PCM is corresponding to a CN, respectively. Then, nonzero elements of PCM represent the connection networks between VN and CN. As a characteristic of QC LDPC code, its connection network is arrayed by block-wise manner and each connection within each block is characterized by the corresponding circular permutation.
Interconnection networks of QC LDPC decoder can be classified by two main components; shift network and routing network. Variable node group (VNG) and Check node group (CNG) are defined as the sets of VN and CN corresponding to the same CPM, respectively. The connections between VNG and CNG are implemented by the routing network and the connection between VN and CN within a pair of connected VNG and CNG is implemented by shift network.
Many investigations have been made to implement the shift network for CPM with the circulant permutation structure [3-7]. In this proposal, we will introduce several shift networks and recommend a proper shift network to support length compatibility. 
Barrel shift network and Banyan network can perform any sort of shifting operation over a vector of size  [3]. It can be used for QC LDPC codes with single shifting size which are adopted in the communication standards such as 802.11ad and 802.15.3c. However, NR can adopt channel codes with various block sizes and shifting sizes. In this case, Benes network or QSN can be used [3-7]. 
A simple example of the Benes network is shown in Figure 1(a). As shown in Figure 1(c), each switch element can be set either in the BAR state or in the CROSS state. The Benes network can achieve any desired permutation with  2:1 multiplexers, where  is the input size of the Benes network. Therefore, Benes network can support any cyclic shift on input messages of size  where  is any integer smaller than or equal to . On the other hands, Banyan network can perform all cyclic shifts for  inputs with only the first or the last  stages of -input Benes network as shown in Figure 1(b). However, Banyan networks have some difficulties to provide the flexibility for input messages of size than smaller than .
QSN is another solution to support any cyclic shift on an array of  messages. As shown in Figure 2, the QSN has three components: the left-shift network, the right-shift network, and the merge network.
· The left-shift network generates the left part of the output messages by performing left-shift operations, i.e., for , . It requires  2:1 multiplexers. Here,  is a shifting value. 
· The right-shift network generates the right part of the output messages by performing right-shift operations, i.e., for , . It requires  2:1 multiplexers.
· The merge network extracts the useful part from the left-shift output and the right-shift output. When , ; when , . It requires  2:1 multiplexers.
Therefore, total required number of multiplexers for QSN is .



Figure 1: Benes and Banyan networks
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Figure 2: QSN architecture
Total number of required multiplexers for Benes, Banyan network, and QSN is summarized in Table 1. As shown in Table 1, Benes network and QSN which can support length compatibility of QC LDPC codes require about twice gate counts than Banyan network which cannot support length compatibility.
Table 1 Summary of shift networks
	
	Benes network
	Banyan network
	QSN

	Support any cyclic shifts 
for a given shifting size 
	O
	O
	O

	Support any cyclic shifts 
for any shifting size 
	O
	X
	O

	Required number of multiplexers
	
	
	


Observation 1: Shift network for flexible QC LDPC codes requires about twice gates counts than that of inflexible QC LDPC codes.
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