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[bookmark: _Ref485481562]Introduction
This contribution is a revision of R1-1715740.
[bookmark: _GoBack]In RAN1#88 meeting, an agreement was reached to adopt Polar codes for both UL and DL control channels in NR (except for very small block lengths where repetition/simplex/Reed-Mueller codes are used). 
In RAN1#90 meeting, the following working assumption was made:
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 investigate whether the channel interleaver can provide any performance improvements when transmitting over the NR physical downlink control channel (PDCCH).
Interleaver Design
The channel interleaver is applied to the encoded bits after rate matching, right before being subject to the modulator. At the receiver end, after demodulation, the codeword is deinterleaved. In this contribution, the parallel rectangular channel interleaver is applied which consists of two parallel rectangular interleavers with depths 5 and 11, respectively. The final interleaver is obtained from these two interleavers by alternating the output of the two interleavers. A detailed description can be found in [1]. This channel interleaver is marked as ‘Parallel’ in the figures of simulation results. 
The parallel rectangular interleaver can easily be implemented, due to its regular structure. Moreover, due to the parallel processing of upper and lower half the parallel rectangular interleaver is suitable for parallel memory access. It therefore allows processing with very low latency. 

[bookmark: _Ref477886382]Simulations 
In this section, we present numerical results to compare the performance of using a channel interleaver versus processing the data without any channel interleaving for the case of transmission over the PDCCH. The channel interleaver used is the parallel rectangular interleaver described in [1], and denoted as ‘Parallel’ in the legend of the figures below.
The simulation setup is according to the evaluation assumption established in [2]. The set of simulation parameters used in this contribution can be found in the appendix. 
Here we focus on aggregation levels 1 and 2, corresponding to higher code rates. We also evaluated aggregation level 8, which showed negligible gain from a channel interleaver due to lower code rate. The simulation results are shown in Figure 1 – 11 below.
Distributed non-interleaved REG bundles
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Figure 1: AL = 1, REG Bundle size = 2, distributed non-interleaved REG bundles
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Figure 2: AL = 2, REG Bundle size = 2, distributed non-interleaved REG bundles.
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Figure 3: AL = 2, REG Bundle size = 6, distributed non-interleaved REG bundles.
Distributed interleaved REG bundles
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[bookmark: _Hlk493477359]Figure 4: AL = 1, REG Bundle size = 2, distributed and interleaved REG bundles.
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Figure 5: AL = 1, REG Bundle size = 6, distributed and interleaved REG bundles.
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Figure 6: AL = 2, REG Bundle size = 2, distributed and interleaved REG bundles.
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Figure 7: AL = 2, REG Bundle size = 6, distributed and interleaved REG bundles.
Localized non-interleaved REG bundles
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Figure 8: AL = 1, REG Bundle size = 2, localized REG bundles.
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Figure 9: AL = 2, REG Bundle size = 6, localized REG bundles.
For AL =1,2 we see several cases where the parallel rectangular channel interleaver provides gains ranging from about 0.3 dB to more than 1 dB, as compared to no channel interleaver. These gains occur at both evaluated payloads, both with distributed and localized REG bundles, and both with and without a REG bundle interleaver. The only cases where we see no gain is at AL = 1 and bundle size 6. 
For AL=1,2 at BLER = 1e-2, a channel interleaver provides gains of ~0.3 dB in several cases and gains larger than 1 dB in several other cases. These gains occur both with distributed and localized REG bundles, and both with and without a REG bundle interleaver.
Based on the simulation results, we have the following proposal:
Confirm the working assumption from RAN1#90. Adopt the parallel rectangular interleaver from R1-1714691 for NR downlink.
Conclusions
In this contribution, we investigated the effect of a downlink channel interleaver on PDCCH. From these investigations, we made the following observation and proposal:

For AL=1,2 at BLER = 1e-2, a channel interleaver provides gains of ~0.3 dB in several cases and gains larger than 1 dB in several other cases. These gains occur both with distributed and localized REG bundles, and both with and without a REG bundle interleaver.

1. Confirm the working assumption from RAN1#90. Adopt the parallel rectangular interleaver from R1-1714691 for downlink.
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1. Appendix. Simulation Parameters

	Parameter
	Value

	System bandwidth
	10 MHz

	Waveform
	OFDMA

	Numerology
	15 kHz

	Payload (not including CRC)
	32, 60 bits 

	FEC type and Modulation
	Polar with CRC size = 24, QPSK 
CRC polynomial: gCRC24(D) = [D24+D23+D21+D20+D17+D15+D13+D12+D8+D4+D2+D+1]

	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, 3kmph  

	Number of REGs per CCE
	6

	Aggregation levels
	1, 2

	REG bundle size
	2 REGs, 6 REGs

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

	CCE-to-REG mapping
	Frequency first, distributed REG bundles, localized REG bundles

	Interleaving for CCE-to-REG mapping
	Consecutive REG bundle numbering, REG bundle interleaving

	Rate-matching
	According to working assumption in [3].

	Channel interleaver
	Parallel interleaver from [1], No interleaver
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AL = 1, Bundle size = 2

Interleaver = 'Parallel', Payload = 32

Interleaver = 'None', Payload = 32

Interleaver = 'Parallel', Payload = 60

Interleaver = 'None', Payload = 60
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AL = 2, Bundle size = 2

Interleaver = 'Parallel', Payload = 32

Interleaver = 'None', Payload = 32

Interleaver = 'Parallel', Payload = 60

Interleaver = 'None', Payload = 60
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AL = 2, Bundle size = 6

Interleaver = 'Parallel', Payload = 32

Interleaver = 'None', Payload = 32

Interleaver = 'Parallel', Payload = 60

Interleaver = 'None', Payload = 60
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AL = 1, bundle size 2, REG bundle interleaver

Interleaver = 'Parallel', Payload = 32

Interleaver = 'None', Payload = 32

Interleaver = 'Parallel', Payload = 60

Interleaver = 'None', Payload = 60
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AL = 1, bundle size 6, REG bundle interleaver

Interleaver = 'Parallel', Payload = 32

Interleaver = 'None', Payload = 32

Interleaver = 'Parallel', Payload = 60

Interleaver = 'None', Payload = 60
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AL = 2, bundle size 2, REG bundle interleaver

Interleaver = 'Parallel', Payload = 32

Interleaver = 'None', Payload = 32

Interleaver = 'Parallel', Payload = 60

Interleaver = 'None', Payload = 60
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AL = 2, bundle size 6, REG bundle interleaver

Interleaver = 'Parallel', Payload = 32

Interleaver = 'None', Payload = 32

Interleaver = 'Parallel', Payload = 60

Interleaver = 'None', Payload = 60
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AL = 1, bundle size 2, localized REG bundles

Interleaver = 'Parallel', Payload = 32

Interleaver = 'None', Payload = 32

Interleaver = 'Parallel', Payload = 60

Interleaver = 'None', Payload = 60
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AL = 2, bundle size 6, localized REG bundles

Interleaver = 'Parallel', Payload = 32

Interleaver = 'None', Payload = 32

Interleaver = 'Parallel', Payload = 60

Interleaver = 'None', Payload = 60


