Page 1


[bookmark: _GoBack]3GPP TSG-RAN WG1 Meeting NR#3	R1-1716656
Nagoya, Japan, 18th – 21st September 2017

Agenda item:	6.4.1.1
[bookmark: Source]Source: 	LG Electronics
Title: 	On bit reverse mapping of LDPC
[bookmark: DocumentFor]Document for:	Discussion/Decision
[bookmark: _Ref481748349]Introduction
In RAN1 meeting, the following agreements were made [1][2].
	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 discuss several aspects of bit reverse mapping of LDPC.

Discussion 
Bit reverse mapping can get performance gain from changing the bit mapping order of QAM symbol for each transmission. For example, assuming 16QAM modulation, bit mapping order of (i1, q1, i2, q2) in the first transmission may be changed into that of (q2, i2, q1, i1) in the second transmission. We evaluate the performance of bit reverse mapping with the assumptions in Table 1. As shown in Table 1, uniform RV spacing is assumed for retransmission. Their locations are 0Z, 17Z, 33Z, and 50Z, respectively. 
Table 1. Evaluation assumptions
	Channel
	AWGN

	CBS
	4928

	Modulation
	16QAM

	Code rate
	2/3, 2/5

	LDPC base graph
	Base graph #1

	Redundancy version
	Uniform spacing
(RV0: 0Z, RV1: 17Z, RV2: 33Z, RV3: 50Z)

	# of transmission instance
	2



	The Figure 1 shows the evaluation results to compare the performance of bit reverse mapping and no bit reverse mapping. 

[image: ] [image: ]
(a) (b)

Figure 1. Evaluation results of bit reverse mapping: (a) 16QAM and code rate of 2/5 and (b) 16QAM and code rate of 2/3.

	In Figure 1, RVxy denotes that RVx and RVy are assumed for the first and the second transmission, respectively. As can be seen in Figure 1, the performance gain may mostly come from the bit reverse mapping of the systematic bits and the early part of parity bits. In addition, the bit reverse mapping gain seems to be dependent on coding rate. For example, the bit reverse mapping does not show any gain for code rate of 2/3. For high code rate, IR-HARQ gain may be larger than bit reverse mapping gain. IR-HARQ gain can be achieved by indicating RV in DCI.
Observation 1: Bit reverse mapping gain is dependent on the code rate. For high code rate, it may provide less gain than IR-HARQ gain. 
Observation 2: More overlapped systematic bits and early part of parity bits may give more bit reverse mapping gain.

According to CQI table in LTE specification [2], the higher order modulation (e.g., 16QAM, 64QAM, and 256QAM) will operate for code rate as follows: above 0.37, 0.46, and 0.69 for 16QAM, 64QAM, and 256QAM, respectively.
Table 2. 4-bit CQI Table 2
	CQI index
	modulation
	code rate x 1024
	efficiency

	0
	out of range

	1
	QPSK 
	78 
	0.1523 

	2
	QPSK 
	193 
	0.3770 

	3
	QPSK 
	449 
	0.8770 

	4
	16QAM 
	378 
	1.4766 

	5
	16QAM 
	490 
	1.9141 

	6
	16QAM 
	616 
	2.4063 

	7
	64QAM 
	466 
	2.7305 

	8
	64QAM 
	567 
	3.3223 

	9
	64QAM 
	666 
	3.9023 

	10
	64QAM 
	772 
	4.5234 

	11
	64QAM 
	873 
	5.1152 

	12
	256QAM 
	711 
	5.5547 

	13
	256QAM 
	797 
	6.2266

	14
	256QAM 
	885 
	6.9141

	15
	256QAM 
	948 
	7.4063 



	Considering operating code rate of higher order modulation, the bit reverse mapping gain may be limited to 16QAM modulation of low code rate. 
	In addition, if UE misses PDCCH conveying the DCI information of a new transmission and detects PDCCH conveying the DCI information of the retransmission, the HARQ buffer corruption may happen because UE can’t know whether PDCCH error happens or not. It means that additional signalling to indicate the bit reverse mapping will be required for robust transmission. 
Observation 3: Bit reverse mapping requires additional signalling to handle control channel error cases. 
Based on the observations, bit reverse mapping should not be adopted in NR.
Proposal 1: Bit reverse mapping should not be adopted in NR.

Conclusions
We have following observations and proposals in this contribution,
Observation 1: Bit reverse mapping gain is dependent on the code rate. For high code rate, it may provide less gain than IR-HARQ gain. 
Observation 2: More overlapped systematic bits and early part of parity bits may give more bit reverse mapping gain.
Observation 3: Bit reverse mapping requires additional signalling to handle control channel error cases. 
Proposal 1: Bit reverse mapping should not be adopted in NR.
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