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1. Introduction
In the RAN-1 AH#2 meeting, the following agreement on the channel interleaver for polar has been achieved [1]:
	
Agreement: 
· Channel bit interleaving is applied 
. The interleaving is either performed as part of the rate matching and/or after rate matching 
1. To be confirmed after the rate matching discussion whether the interleaving is a separate function
. FFS whether the interleaver is a function of the modulation
· The same sequence for each mother code size is used for all modulations
· The UL sequence for a given mother code size is also used for the DL




[bookmark: _GoBack]In the RAN-1 #90 meeting, the following working assumption and agreement on the channel interleaver for polar has been achieved [2]:    
	
Working Assumption: 
· Channel interleaver:
· Uplink: Triangular interleaver (e.g. as in R1-1713474)
· Downlink: Parallel rectangular interleaver (e.g. as in R1-1714691)
· To be confirmed at NR AH#3 unless it is shown that there are no meaningful benefits of including the downlink channel interleaver, using evaluation assumptions in R1-1714983

Agreement: 
· For UL, the channel bit interleaver is a separate stage after rate matching.
· For DL, see working assumption above in 6.1.4.2.3.




In this contribution, we compare the performance of the triangular interleaver with that of the parallel rectangular interleaver when high-order modulation is employed for NR uplink transmission.  

2. Design of Channel Interleaver 
As usual in our contributions, we define the following basic notations for polar codes.
- : number of information bits excluding CRC bits
- : number of assistance CRC bits
- : desired code rates (CRC bits are classified as parity bits)
- : number of codeword bits ()
- : mother polar code size
- : list size of successive-cancellation list (SCL) decoder 
Fig. 1 shows a general BICM chain with polar codes considered for NR control channels. Several procedures in Fig. 1 are explained as follows: 
· Outer code encoding: information bit sequence of length  is encoded by outer codes such as cyclic redundancy check (CRC) codes 
· Sub-channel allocation:  bits and ) frozen bits are mapped to sub-channels based on the pre-defined polar code sequence 
· Polar Encoding: a polar code generator matrix  is employed to generate a length- coded bit sequence
· Rate-matching interleaver: a length- coded bit sequence is interleaved based on the pre-defined interleaving pattern for rate-matching
· Buffer: interleaved coded bits are inserted into a virtual circular buffer 
· Channel interleaver: a length- bit sequence extracted from the buffer is interleaved based on the pre-defined interleaving pattern  
· Modulation: interleaved coded bits are modulated by QAM 
The interleaver considered in this contribution, referred to as channel interleaver, is employed between the circular buffer and modulator. In the RAN-1 AH#2 meeting, it is agreed to apply channel interleaver for polar codes with high-order modulation. At the receiver side, de-interleaver corresponding to the channel interleaver is also employed after demodulation. In NR, UCI can be transmitted in the PUSCH after data and control channel multiplexing. Even though data and control information are encoded by different channel coding schemes, it is required to use the same modulation for both of them in perspective of efficient resource allocation and implementation complexity. Therefore, polar coded bits over PUSCH can be modulated by 16QAM, 64QAM, and 256QAM, which are used for data information. When we design BICM with high-order modulation, codeword bits experience unequal error protection caused by different levels in Gray-mapped QAM. Since the performance of polar codes is very sensitive to channel qualities, BICM chain should be carefully designed especially when high-order modulation is applied. Therefore, a well-designed channel interleaver is needed to improve the performance of polar codes with high-order modulation. 

[image: ]
Figure 1  General BICM chain for polar codes

3. Performance Evaluation 
[bookmark: OLE_LINK18]In this section, we evaluate the triangular interleaver in R1-1713474 with that of the parallel rectangular interleaver in R1-1714691 when high-order modulation is employed. Table 1 summarizes details about the performance evaluation. 
Table 1  Performance evaluation settings
	Code sequence
	[bookmark: OLE_LINK2]Huawei sequence in R1-1712174

	Rate matching 
	Option 2 from R1-1715000

	Decoding algorithm
	CRC-aided SCL decoding

	CRC bits 
	11 (CRC polynomial: 0x307 in normal-type description)

	List size 
	8

	Information bits 
	16:8:200 

	Code rate 
	2/3, 1/2, 2/5, 1/3, 1/5, 1/6

	Interleaver
	Triangular interleaver / Parallel rectangular interleaver

	Modulation
	16-QAM / 64-QAM / 256-QAM

	Channel
	AWGN channels



In Fig. 2 to Fig. 4, the performance of two channel interleavers for polar code is represented when high-order modulation is employed. In case of 16-QAM and 64-QAM, the triangular interleaver has a slightly better performance than that of the parallel rectangular interleaver. In addition, in case of 256-QAM, the triangular interleaver has a strictly better performance than that of the parallel rectangular interleaver. 
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Figure 2 BLER Performance of polar codes (16-QAM, AWGN channels)
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Figure 3 BLER Performance of polar codes (64-QAM, AWGN channels)
[image: ]
Figure 4 BLER Performance of polar codes (256-QAM, AWGN channels)

Observation 1: In case of 16-QAM and 64-QAM, the triangular interleaver has a slightly better performance than that of the parallel rectangular interleaver.
Observation 2: In case of 256-QAM, the triangular interleaver has a strictly better performance than that of the parallel rectangular interleaver.
3. Conclusion 
In this contribution, we discuss the channel interleaver for uplink polar-coded transmission and compare the performance of the triangular interleaver and the parallel rectangular interleaver. Observations are given as below:
Observation 1: In case of 16-QAM and 64-QAM, the triangular interleaver has a slightly better performance than that of the parallel rectangular interleaver.
Observation 2: In case of 256-QAM, the triangular interleaver has a strictly better performance than that of the parallel rectangular interleaver.

Based on above observation, we propose the following: 
Proposal 1: Confirm the working assumption
Channel interleaver:
Uplink: Triangular interleaver (e.g. as in R1-1713474).
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