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Introduction
An interleaver has been a standard signal processing technique in a variety of communications systems for a long time. One of its most typical objectives is to “randomize” a sequence of coded bits into a bit-stream so as to compensate burst errors. 
Considering the case when the UCI is encoded by Polar codes, multiplexed with the uplink data and transmitted on PUSCH, high order modulation other than QPSK may be used as the modulation scheme. Similar to what is done in LTE, an interleaver should be considered in the coding chain to fight against the possible high order modulation. As some discussions have appeared in previous meetings on the interleaving design of Polar coding chain [1-4], in this contribution, we will show our investigations on it.

Interleaving procedure
In case of higher modulation orders than QPSK (e.g. 16-QAM and 64-QAM), errors usually appear in burst when a modulated symbol is somehow distorted. A simple bit-interleaved-coded-modulation (BICM) scheme can be used to randomize the coded bits for better coding performance. Here we consider to use a two-step processing to randomize the coded bits after rate matching, so that the burst errors are separated into discrete positions of a codeword, which makes the decoding more likely to be successful. An example design is illustrated in Figure 1 and the details of each part are as follows


Figure 1. Interleave procedure for high modulation order

Bit Collection
The coded bits after Polar encoding are collected into two buffers according to their positions: 
· The first buffer contains all M1 coded bits which are directly connected to the information bits in the Polar encoding graph[5]. As shown in Figure 2, with information block size K=4 and code rate R=1/2, [u4 u6 u7 u8] should carry the information bits. Hence, the coded bits [x4 x6 x7 x8] are collected into the first buffer.
· The second buffer contains the remaining M2=M-M1 coded bits. Still using Figure 2 as an example, the coded bits [x1 x2 x3 x5] should be collected into the second buffer.



Figure 2. Polar encoding graph

Row-column Interleaver
A row-column structure with 32 rows as shown in Figure 3 is used to interleave the collected bits in the above mentioned two buffers. The bits from the two buffers are fed into the interleaver separately and then interleaver outputs are concatenated. The interleaving of the two bit streams from the two buffers can be carried on in parallel. The bit stream from each buffer is written into an interleaver row-by-row and NULL-pending may be needed to fulfill the final row. Read-out pattern of the interleaves is shown by red dash line in Figure 3, where NULL is skipped when necessary.



Figure 3. Row-column interleaver structure
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Performance evaluation 
A random interleaver is used as the baseline for the performance comparison. In Figure 4 and Figure 5, the required SNR in 16-QAM and 64-QAM at BLER =0.01 are simulated and illustrated. The simulation settings are in Table 1. As shown in the Figure 4 and Figure 5, the performance of random interleaver the designed interleaver is almost the same.
 
Table 1. Simulation Setting
	Modulation
	16-QAM, 64-QAM

	Construction
	PC-CA SCL (CRC11 (UL), L8)

	Sequence
	PW sequence

	Compare metric
	SNR @ BLER= 0.01

	Info Length
	[32 48 64 80 120 200]

	Code Rate
	[2/3 1/2 1/3 1/6 1/12]



[image: ]
Figure 4. 16-QAM performance
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Figure 5. 64-QAM performance

Observation 1: With bit collection and row-column interleaving, the performance of random interleaver for high-order modulations can be achieved.

Conclusions
In this contribution, an interleave procedure is investigated, which contains two steps: bit collection and row-column interleaving. The performance is the same to that of random interleaver for high-order modulation such as 16-QAM and 64-QAM.
Observation 1: With bit collection and row-column interleaving, the performance of random interleaver for high-order modulations can be achieved.
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