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Introduction
In NR-AH#3, the agreement, working assumption and conclusion on channel interleaver were obtained as follows [1].
Agreement: 
· Confirm Working Assumption that the uplink channel interleaver is a triangular interleaver
The interleaver from R1-1713474 is adopted. 
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 will discuss if the parallel rectangle interleaver is necessary for downlink [4].  
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, which we restate in Table 1. For  
[bookmark: _Ref494981480]Table 1 Simulation assumption (R1-1714983 and the one assumed in the simulation shown in this document)
	
	R1-1714983
	Simulation assumption used in the results presented in this document (empty means the assumption is the same as R1-1714983)

	System bandwidth
	10 MHz
	20MHz

	Waveform
	OFDMA
	

	Numerology
	15 kHz 
	16KHz

	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
	No 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
	1,2,and 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
	



With these simulation assumptions, we evaluated two interleaver options: random interleaver and parallel rectangular interleaver (which is also labeled TwoRect herein). LTE’s rectangular interleaver is not evaluated. The results for AL1,2, and 8 are shown in Figure 1. 

[image: ]Figure 1 BLER for PDCCH under AL 1 2, and 8. The solid line corresponds to bundle size of 2 while the dashed line corresponds to bundle size of 6. For each AL, both DCI=56 and DCI=84 are displayed (without ambiguity). The black curve corresponds to no interleaving case; the blue curve corresponds to the random interleaving case; the red curve corresponds to parallel rectangular interleaving case.
The results from Figure 1 is summarized in Table 2 for easier comparison. From the table the following observations can be made:
Observation 1: Parallel rectangular interleaver performs close to random interleaver for DL control channel with QPSK modulation considering practical chanEst and RB allocations.
Observation 2: Regarding the gain compared with non-interleaving case
· At AL8, there is no gain from interleaving.
· At AL1, there is about 0.2~0.4dB interleaving gain across all bundle_size and DCI options.

Table 2 The improvement in 1e-2 BLER achieving SNR compared with no interleaver case (AL 2&8)
	BundleSize
	DciSize
	AL
	Random
	TwoRect

	2
	56
	1
	0.2863
	0.2365

	
	
	8
	0.0287
	0.0111

	
	84
	1
	0.4854
	0.3939

	
	
	8
	-0.0131
	0.0852

	6
	56
	1
	0.227
	0.2961

	
	
	8
	0.032
	-0.0052

	
	84
	1
	0.3165
	0.32

	
	
	8
	0.0331
	0.1011



In the attached excel file (statistics.xlsx), we did an extensive study that compares the parallel rectangular interleaver with the full combination of the following scenarios:
	BundleSize
	2,6

	DciSize
	56, 84

	Search space
	Localized/Distributed

	Channel estimation
	Genie/RMMSE

	Tx Diversity
	PrecoderCycling vs NoPrecoderCycling

	AL
	1,2,4,8


From the detailed simulation results, we can reach the following observation:
Observation 3: The gain from interleaving is limited with localized-search-space, genie channel estimation, and no precoder cycling, which aligns with our previous observation in [3].

Conclusions
Observation 1: Parallel rectangular interleaver performs close to random interleaver for DL control channel with QPSK modulation considering practical chanEst and RB allocations.
Observation 2: Regarding the gain compared with non-interleaving case
· At AL8, there is no gain from interleaving.
· At AL1, there is about 0.2~0.4dB interleaving gain across all bundle_size and DCI options.
 
[bookmark: _GoBack]Observation 3: The gain from interleaving is limited with localized-search-space, genie channel estimation, and no precoder cycling, which aligns with our previous observation in [3].
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