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Introduction
In RAN1#90, the working assumption on channel interleaver was obtained as follows [1].
Working Assumption: 
· Polar rate matcher: Option 2 from R1-1715000 with corrections of typos:
· Slide 13: in top part of figure, second “25” -> 26
· Slide 15: 0.7/16 -> 7/16
· 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
In this contribution, we will provide the specification of triangle interleaver [2][3] and check if the parallel rectangle interleaver is necessary for downlink [4]. 
Specification of triangle interleaver 

The bits input to the block interleaver are denoted by , where E is the number of bits. The E bits are from rate-matching. The output bit sequence from the block interleaver is derived as follows:
(1) 
Determine the number of rows (columns) of the isosceles right triangle by finding minimum integer P such that . 
(2) 







If , then dummy bits are padded such that  for  and  for . Then, the bit sequence  is written into the isosceles right triangle row by row starting with bit  in column 0 of row 0:



(3) 








 The output of the block interleaver is the bit sequence read out column by column starting with bit  in row 0 of column 0. The bits after block interleaving are denoted by, where  corresponds to, to… and corresponds . by skipping . 
Consideration of parallel block interleaver for downlink
In RAN1#90, it was agreed to evaluate the performance of parallel block interleaver for downlink using evaluation assumptions in R1-1714983. 
	System bandwidth
	10 MHz

	[bookmark: _GoBack]Waveform
	OFDMA

	Numerology
	15 kHz

	Payload (not including CRC)
	32, 60 bits

	FEC type and Modulation
	Polar with CRC size =24, QPSK

	Tx-Rx antenna configuration
	2x2

	Transmit diversity scheme
	1-port per REGB precoder cycling

	Channel estimation
	1/3 DM-RS density, practical channel estimation (MMSE)

	Channel model
	TDL-C 300ns 

	Number of REGs per CCE
	6

	Aggregation levels
	1, 8

	REG bundle size
	2 REGs, 6 REGs

	CORESET configuration
	1 symbol, 48 PRBs (i.e. PRB0,PRB1…PRB47)

	CCE-to-REG mapping
	Frequency first 

	Interleaving for CCE-to-REG mapping
	For evaluation only, Sub-block interleaver operating on REG bundles



The performance comparison between parallel block interleaver and non-interleaver is depicted in Figure 1 and Figure 2 for Doppler of 5.5Hz and 55 Hz, respectively. It is shown that the performance of parallel block interleaver is similar to that of non-interleaver. More evaluation results may be needed to identify the cases where benefits of parallel-rectangular interleaver can be observed.
[image: ]
Figure 1. The performance comparison between parallel block interleaver and non-interleaver
[image: ]
Figure 1. The performance comparison between parallel block interleaver and non-interleaver
Observation 1: The performance of parallel block interleaver is similar to that of non-interleaver using QPSK modulation.
Conclusions
Observation 1: The performance of parallel block interleaver is similar to that of non-interleaver using QPSK modulation.
Proposal 1: More investigation is needed to identify the benefits of parallel-rectangular interleaving for NR DL control channel.
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