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1. Introduction
[bookmark: _GoBack]In RAN1-NR3, the following agreements were reached for channel interleaver for NR downlink control channels [1].
Working Assumption: 
· If a DL bit-level channel interleaver is adopted:
· Its span is equal to the number of coded bits corresponding to 1 CCE
· The span can be increased to the number of coded bits corresponding to 2 CCEs if there is a benefit of doing so
· FFS whether the interleaver is not used at higher ALs
· Companies are encouraged to assess by RAN1#90bis the implementation impacts of using or not using the interleaver at higher ALs
Conclusions and next steps to help towards a decision on the Working Assumption from RAN1#90:
· From the cases evaluated so far, gains of DL channel interleaver are not significant for AL >2
· Continue evaluations until RAN1#90bis, according to the above working assumption
· Focus on AL=1,2 cases, with and without REG bundle interleaver
· Include evaluations with up to 3 OFDM symbols for the control channel
· Companies are also encouraged to compare block parallel interleaver with low-complexity block interleavers, e.g. single block interleaver. 

In this contribution, we investigate the DL channel interleavers.

2. Discussion
In [2], a parallel rectangular interleaver is proposed with good performance, which divides the M coded bits into S contiguous segments and then interleaves them with five parallel rectangular interleavers in different interleaving depths. In this section, the performance of this kind of parallel interleaver are further investigated while setting the segment length m=floor(M/S) and interleaving depths to {3,5,7,9,11}. It was simulated with QPSK in TDL-C channel and the agreed DL code construction: 24 bits DCRC and List-8 [1] polar decoder are used. The detailed simulation parameters are provided in the Appendix.
The evaluated interleavers are:
· None: No interleaver
· Random: Random interleaver
· Parallel: 5 parallel-rectangular interleavers[2] with interleaving depths {3,5,7,9,11}

The results are shown below:
[image: ] [image: ]
Figure 1. REG bundle size=2, AL={1,2}, K=32, 1 OFDM symbol

It can be observed that there are ~0.8 dB and ~0.2 dB gain between random interleaver and no interleaver when AL=1 and 2. In addition, the performance of the evaluated parallel interleaver is similar to that of the random interleaver but with low complexity.
Observation-1: For AL=1 and AL=2, when REG bundle size is 2 and 1 OFDM symbol is configured, a channel interleaver can provide performance gain for K=32 with REG bundle interleaver.

3. Conclusions
In this contribution, performance of channel interleavers for DL is evaluated. Based on the results, we have the following observations:
Observation-1: For AL=1 and AL=2, when REG bundle size is 2 and 1 OFDM symbol is configured, a channel interleaver can provide performance gain for K=32 with REG bundle interleaver.
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Appendix
Table 1. Simulation assumptions.
	Parameter
	Value

	System bandwidth
	10 MHz

	Waveform
	OFDMA

	Numerology
	15 kHz

	Payload (not including CRC)
	32 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
	1/4 DM-RS density, LS channel estimation

	Channel model
	TDL-C 300ns

	Number of REGs per CCE
	6

	Aggregation levels
	1,2

	REG bundle size
	2 REGs

	CORESET configuration
	1 symbol 

	CCE-to-REG mapping
	Frequency first 

	Interleaving for CCE-to-REG mapping
	With sub-block interleaver operating on REG bundles
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