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1 	Introduction
In RAN1 #90 meeting, the following agreement was made on interleaving [1]. 
Agreement: 
· A bit-level interleaver within a code block is included at the output of the rate matcher
Next steps for interleaver design:
Evaluate the following based on initial transmissions, until NR AH#3, and select one at NR AH#3:
· Block interleaver (e.g. as in LTE)
· Systematic bits priority order interleaver (e.g. as in HSPA)
Evaluation assumptions:
· Fading channel model – TDL-C
· All modulation orders
· Interference modelled 
FFS until NR AH#3 whether to additionally include reversal of bit mapping order in retransmissions.
In this contribution, we provide evaluation results of two kinds of bit-level interleaving for NR LDPC codes. 
[bookmark: OLE_LINK9][bookmark: OLE_LINK10][bookmark: OLE_LINK13][bookmark: OLE_LINK14]2	Performance evaluation 
According to the agreement in RAN1 #90 meeting, the output of the rate matcher is the input to the bit-level interleaver. Final interleaver to be selected from two well-known interleavers specified in previous 3GPP releases.   
The first kind of interleaver is LTE like block interleaver. Here, row-column interleaver is used, where the column number is fixed to 32. The procedure is as follows: firstly, the output bits from rate matcher is written into interleaving matrix row by row; then, column permutation is used, where the permutation vector is [0 16 8 24 4 20 12 28 2 18 10 26 6 22 14 30 1 17 9 25 5 21 13 29 3 19 11 27 7 23 15 31]; lastly, the interleaver bits are read out from interleaving matrix column by column. 
The second scheme is HSPA like interleaver. Here, row-column interleaver is also used, where the row number is equal to the modulation order. In detail, 2/4/6/8 rows are used for QPSK/16QAM/64QAM/256QAM, respectively. The procedure is as follows: firstly, the output bits from rate matcher is written into interleaving matrix row by row; then the interleaver bits are read out from interleaving matrix column by column. 
Performance evaluations are done for these interleavers for the simulation assumptions Table 1. The performance results are shown in the Fig.1-4. Based on these results, the several observation and proposals are made.






Table 1: Simulation assumptions
	Channel
	TDL-C with 1000ns RMS delay spread

	Modulation
	4QAM/16QAM/64QAM/256QAM

	Codeword length
	7040

	Code rate
	1/3, 1/2, 2/3

	Decoding algorithm
	Sum product, Max iteration = 50

	Number of gNB antennas
	2 (low correlation)

	Number of UE antennas
	2 (low correlation)

	De-mapper
	MMSE

	Numerology
	15KHz subcarrier spacing

	Carrier Frequency
	4 GHz

	UE speed
	3 Km/h

	FFT length
	2048

	Interleaver
	Scheme 1: LTE similar interleaver
Scheme 2: HSPA similar interleaver
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Fig.1: BLER performance comparison for 4QAM between two interleavers 
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Fig.2: BLER performance comparison for 16QAM between two interleavers 
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Fig.3: BLER performance comparison for 64QAM between two interleavers 
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Fig.4: BLER performance comparison for 256QAM between two interleavers
Observation 1: For 64QAM/256QAM, 0.1-0.3dB gain is visible for the HSPA interleaver compared to the LTE interleaver.
Observation 2: For 16QAM and low code rate, e.g. rate 1/3, around 0.1dB gain can be observed for the HSPA interleaver compared to the LTE interleaver;
Observation 3: For QPSK, both interleavers are showing similar performance. 
Proposal 1: Systematic bits priority order interleaver (e.g. as in HSPA) shall be adopted as the bit-level interleaver in LDPC codes considering the performance gain at high order modulation compared to the LTE like interleaver.
[bookmark: _GoBack]3 	Conclusions
Based on above discussion. We make the following observations and proposals:
Observation 1: For 64QAM/256QAM, 0.1-0.3dB gain is visible for the HSPA interleaver compared to the LTE interleaver.
Observation 2: For 16QAM and low code rate, e.g. rate 1/3, around 0.1dB gain can be observed for the HSPA interleaver compared to the LTE interleaver;
Observation 3: For QPSK, both interleavers are showing similar performance. 
Proposal 1: Systematic bits priority order interleaver (e.g. as in HSPA) shall be adopted as the bit-level interleaver in LDPC codes considering the performance gain at high order modulation compared to the LTE like interleaver.
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