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1. Overview
In RAN1 #90 meeting [1], the working assumptions on channel bit interleaving are agreed. For downlink control, parallel block interleaver is targeted:
	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



In this contribution, we will show   
· There is need of channel bit interleaver for downlink control, particularly for lower aggregation levels (ALs).
· Parallel rectangular interleaver design can be simplified to one rectangular interleaver with span over only 1 CCE, which brings benefits in implementation, latency and even performance. 


2. Reference Channel Bit Interleaver
The agreed Polar coding chain has the structure shown in Fig. 1, where there are two stages that can interleave the coded bits, i.e., rate-matching interleaving and channel bit interleaving:

[image: ]

Fig. 1: Polar coding chain framework

Observation 1: Channel bit interleaving design shall jointly consider the interleaving effect in rate-matching for the best performance and latency trade-off.
	In [2], a parallel rectangular interleaver is proposed, where the input from rate-matching circular buffer is first factored into two contiguous segments before interleaved by two parallel rectangular sub-interleavers of different depth values, 5 and 11. The output of the sub-interleavers are further interlaced before modulation mapping. For precise illustration, the processing figure in [2] is quoted below:
[image: ]

Fig. 2: Parallel rectangular interleaver design from [2]
Note that, by a rectangular interleaver of depth d, we refer to the following operations: writing rate-matched bits into the below rectangular buffer in a row-by-row manner, specifying “NULL” bits in the last row if total bit number is smaller than the buffer size, and finally reading out the bits in column-by-column manner where a “NULL” bit will be skipped whenever encountered. 



Fig. 3: Rectangular interleaver with depth d, size B and row-in-column-out access

In this contribution, we will evaluate the original design in [2] as well as the simplified one with only one rectangular interleaver and only 1-CCE span.

3. Evaluation Assumption and Need of Channel Bit Interleaver
In [3], there provided evaluation assumption on downlink control for companies to evaluate the need of channel bit interleaver. Note that RS density should be changed to 1/4 regarding the agreed working assumption in Agenda Item 6.1.3.1.1.2 [1].
	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

	Tx-Rx antenna configuration
	2x2

	Transmit diversity scheme
	1-port per REGB precoder cycling

	Channel estimation
	1/3 1/4 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



	Below we compare the performance without channel bit interleaver, marked as “no interleave”, and that of random interleaver, marked as “random”. The following can be made:
Observation 2: Under the evaluation assumption, channel bit interleaver can provide ~1 dB and 0.2 dB gain at 1% BLER for aggregation levels 1 and 2, respectively, but very limited improvement for aggregation levels 4 and 8.

Proposal 1: Channel bit interleaver is adopted for downlink control regarding the verified performance gains for aggregation levels 1 and 2.

Note that, for concise illustration, comparisons with 6-REG bundling are shown in Appendix.
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Fig. 4: Performances with and without channel bit inerleaver for AL 1 and DCI 32 bits
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Fig. 5: Performances with and without channel bit inerleaver for AL 1 and DCI 60 bits
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Fig. 6: Performances with and without channel bit inerleaver for AL 2 and DCI 32 bits
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Fig. 7: Performances with and without channel bit inerleaver for AL 2 and DCI 60 bits
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Fig. 8: Performances with and without channel bit inerleaver for AL 4 and DCI 32 bits
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Fig. 9: Performances with and without channel bit inerleaver for AL 4 and DCI 60 bits

[image: ]
Fig. 10: Performances with and without channel bit inerleaver for AL 8 and DCI 32 bits

[image: ]
Fig. 11: Performances with and without channel bit inerleaver for AL 8 and DCI 60 bits


4. Latency and Performance Optimization 
From the previous section, AL 1 is the setting that demands channel bit interleaver most. In order to minimize the interleaving latency, we suggest to confine the interleaver span to 1 CCE. With 1 CCE span, the input segmentation of the design in [2] will, however, limit the effective interleaving span to only 1/2 CCE. It is thus suggested to extend the span by keeping only one rectangular sub-interleaver. In Figs 8 – 11, there provide the comparisons among random interleaver, parallel rectangular interleaver in [2], and the suggested one-rectangular interleaver of only 1-CCE span. We finally refer:

Observation 3: One-rectangular interleaver of 1-CCE span, as a special setting of parallel rectangular interleaver, can provide better latency and performance. 

Proposal 2: Polar DL channel bit interleaver adopts one-rectangular interleaver of 1-CCE span.
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Fig. 12: Comparing random, parallel-rectangular, and one-rectangular interleavers; AL 1, DCI 32 
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Fig. 13: Comparing random, parallel-rectangular, and one-rectangular interleavers; AL 1, DCI 60
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Fig. 14: Comparing random, parallel-rectangular, and one-rectangular interleavers; AL 2, DCI 32
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Fig. 15: Comparing random, parallel-rectangular, and one-rectangular interleavers; AL 2, DCI 32
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Fig. 16: Comparing random, parallel-rectangular, and one-rectangular interleavers; AL 4, DCI 32
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Fig. 17: Comparing random, parallel-rectangular, and one-rectangular interleavers; AL 4, DCI 32
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Fig. 18: Comparing random, parallel-rectangular, and one-rectangular interleavers; AL 8, DCI 32
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Fig. 19: Comparing random, parallel-rectangular, and one-rectangular interleavers; AL 8, DCI 60





5. Summary
In this contribution, we evaluated the channel bit interleaving designs for downlink control. In particular, the following are provided:
Observation 1: Channel bit interleaving design shall jointly consider the interleaving effect in rate-matching for the best performance and latency trade-off.

Observation 2: Under the evaluation assumption, channel bit interleaver can provide ~1 dB and 0.2 dB gain at 1% BLER for aggregation levels 1 and 2, respectively, but very limited improvement for aggregation levels 4 and 8.

Proposal 1: Channel bit interleaver is adopted for downlink control regarding the verified performance gains for aggregation levels 1 and 2.

Observation 3: One-rectangular interleaver of 1-CCE span, as a special setting of parallel rectangular interleaver, can provide better latency and performance. 

Proposal 2: Polar DL channel bit interleaver adopts one-rectangular interleaver of 1-CCE span.
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Appendix
In the Appendix, results with 6-REG bundling are provided. Similar tendency can be checked.
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Fig. 20: Performances with and without channel bit inerleaver for AL 1, DCI 32 bits and 6-REGB
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Fig. 21: Performances with and without channel bit inerleaver for AL 1, DCI 60 bits and 6-REGB
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Fig. 22: Performances with and without channel bit inerleaver for AL 8, DCI 32 bits and 6-REGB
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Fig. 23: Performances with and without channel bit inerleaver for AL 8, DCI 60 bits and 6-REGB

	The following compare random, parallel-rectangular and one-rectangular interleavers, and one-rectangular interleaver is competitive to better than parallel-rectangular interleaver.

[image: ]
Fig. 24: Random, parallel-rectangular, and one-rectangular interleavers; AL 1, DCI 32, 6-REGB 
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Fig. 25: Random, parallel-rectangular, and one-rectangular interleavers; AL 1, DCI 60, 6-REGB
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Fig. 26: Random, parallel-rectangular, and one-rectangular interleavers; AL 8, DCI 32, 6-REGB
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[bookmark: _GoBack]Fig. 27: Random, parallel-rectangular, and one-rectangular interleavers; AL 8, DCI 60, 6-REGB
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