3GPP TSG RAN WG1 Meeting #86




 R1-166899
Gothenburg, Sweden 22nd - 26th August 2016
Agenda Item:
8.1.4.2
Source: 
LG Electronics

Title: 
Discussion on modulation schemes and maximum supported modulation order in NR
Document for:
Discussion
1. Introduction
In RAN1#84bis, we started to discuss modulation scheme for NR. Also, we shared a view that lower spectral efficiency with wider spectrum would be proper approach to provide high data rate in above 6GHz, because modulation order and rank would be limited by implementation condition (e.g. EVM, geometry, etc.) [1]. Especially, in higher frequency band, modulation and rank would suffer from significant phase noise in proportion to carrier frequency. So, in order to make sure of maximum modulation order for above 6GHz, we need to carefully take into account to the impact of implementation including phase noise. In this contribution, we discuss on modulation scheme for NR and provide our view on maximum supported modulation order.
2. Modulation schemes for NR
In OFDM-based LTE system, M-QAM (i.e. QPSK/16QAM/64QAM) is adopted as a basic modulation scheme. Also, in LTE-A, higher order modulation (i.e. 256QAM) is introduced for the capacity enhancement in small cell environment. It seems natural that the M-QAM defined in LTE system is adopted as a modulation scheme for NR.
Proposal #1: M-QAM (i.e. BPSK/QPSK/16QAM/64QAM/256QAM) defined in LTE/LTE-A should be adopted for NR study.
3. Modulation Requirement for above 6GHz
· EVM requirement
To achieve the performance gain by high order modulation (e.g. 256QAM), better Error Vector Magnitude (EVM) performance is required (e.g. 3~4% Tx EVM and 1.5~4% Rx EVM) [2]. In order to meet the EVM requirement for high order modulation, errors from hardware imperfections (e.g. phase noise, amplifier nonlinearity, IQ modulator, etc.) should be reduced. For example, methods for robustness against phase noise can be taken into account.

· Robustness against Phase Noise
Phase noise, generated at transmitter and receiver oscillator, produces the leakage of DFT, which brings damage to the orthogonality between subcarriers. As a result, it makes two effects on OFDM waveform as follows [3]:

· Common Phase Error (CPE)

· Inter Carrier Interference (ICI)

CPE generates phase rotation, which is kept within an OFDM symbol and changes symbol by symbol. So, if CPE is estimated at a symbol, it could be compensated. On the other hands, ICI, characterised as a kind of noise, is introduced to any subcarriers of a certain symbols. In order to reduce the ICI, introducing wider subcarrier spacing can be considered.

4. Performance Evaluation
In this section, we provide the analysis of phase noise around 40GHz and the BLER performance result of high order modulation, in order to observe the phase noise impact to high order modulation in higher frequency band.

For the analysis of phase noise, we adopt two different types of phase noise modelling defined in IEEE 802.15.3c [4] and IEEE 802.16 [5], which provide different PSD level of phase noise. Also, we follow the detail parameters as defined in [6] and [7]. 

· Model 1: Modelling defined in IEEE 802.15.3c @ 40GHz

· Model 2: Modelling defined in IEEE 802.16 @ 45.6GHz

As an example, we provide the power spectrum density (PDS) of phase noise abound 40GHz in figure 1(a), and provide SIR induced by ICI from the phase noise in figure 1(b). 
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(a) PSD of phase noise                      (b) SIR due to ICI from phase noise
Figure 1. PSD of phase noise, and SIR at around 40GHz
In figure 1(a), it is shown that these two models have similar tendency of PSD of phase noise, and the PSD level of Model 2 is higher than that of Model 1. Also, it is observed that higher PSD of phase noise causes more ICI, and SIR is reduced due to ICI. In figure 1(b), we can see that wider subcarrier spacing has higher SIR, consequently it is expected to provide robust performance by wider subcarrier spacing.

For the BLER performance analysis of high order modulation in higher frequency band, we assume phase noise around 40GHz. In order to observe the ICI impact from phase noise, we use perfect channel including both channel efficiency and CPE of each OFDM symbols. Details of evaluation assumptions are provided in Annex. In figure 2 and 3, we provide the BLER performance of 64QAM and 256QAM according to different subcarrier spacing (e.g. 15, 60 and 120kHz).
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(a) 64QAM                                   (b) 256QAM
Figure 2. BLER performance (Phase Noise Model 1)
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Figure 3. BLER performance (Phase Noise Model 2)
In figure 2, it is observed that 64QAM and 256QAM with high rank (i.e. Rank 4) are operated in higher frequency band when CPE is perfectly compensated. From the result, we can see that ICI due to phase noise brings marginal performance loss when low PSD of phase noise (i.e. Model 1) is assumed. 

Observation #1: If low PSD of phase noise is assumed, high modulation with high rank can be operated in higher frequency band when CPE is perfectly compensated.

On the other hand, in figure 3, it is shown that 64QAM with low rank (i.e. Rank 2) has marginal performance loss in case of wider subcarrier spacing (e.g. 60 and 120kHz), and other cases experience significant performance loss. From the result, we can see that introducing high order modulation would be limited due to serious ICI when high PSD of phase noise (i.e. Model 2) is assumed.

Observation #2: If high PSD of phase noise is assumed, modulation order is limited due to severe ICI in higher frequency band.
Based on the observations, applicability of higher order in above 6GHz highly depends on the phase noise impact and therefore we propose further study on the maximum supported modulation order in above 6GHz in consideration of phase noise modelling. 

Proposal #2: Study on maximum supported modulation order for above 6GHz, taking into account the decision of phase noise model for NR.
5. Conclusion
In this document, we discussed on maximum supported modulation order for above 6GHz. Then, our proposals are as follows:
Proposal #1: M-QAM (i.e. BPSK/QPSK/16QAM/64QAM/256QAM) defined in LTE/LTE-A should be adopted for NR study.
Proposal #2: Study on maximum supported modulation order for above 6GHz, taking into account the decision of phase noise model for NR.
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Annex 1.
Table 3. Simulation Assumptions

	Parameter
	Value

	Phase Noise Modelling
	Model 1: IEEE 802.15.3c [6]

Model 2: IEEE 802.16 [7]

	Carrier Frequency
	40GHz for phase noise model 1

45.6GHz for phase noise model 2

	Channel Model
	Tapped Delay Line (TDL)-B channel model

	Delay spread, DSdesired
	Short delay spread (30ns)

	Antenna Configuration
	4 Tx - 4 Rx

	Transmission Rank
	Rank 2 and 4

	Transmission Scheme
	Fixed Precoding

	Receiver Type
	MMSE

	MCS
	26 (64QAM) and 28(256QAM)

	Coding Scheme
	Turbo Coding

	Subcarrier Spacing
	60 kHz
	120 kHz

	System Bandwidth
	80 MHz
	160 MHz

	# of RBs for data transmission
	20RBs (14.4MHz)
	20RBs (28.8MHz)

	# of RE per RB
	168 (12 subcarriers × 14 OFDM symbols with normal CP)

	Overhead
	Assume two OFDM symbols for downlink control channel

6RE per RB for reference signal

	Channel Estimation
	Ideal Channel Estimation 

(include both channel coefficient and common phase error)


Annex 2.
x. Modulation mapper

The modulation mapper takes binary digits, 0 or 1, as input and produces complex-valued modulation symbols, x=I+jQ, as output. 
x.1
BPSK

In case of BPSK modulation, a single bit, 
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, is mapped to a complex-valued modulation symbol x=I+jQ according to Table x.1-1.

Table x.1-1: BPSK modulation mapping
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x.2
QPSK

In case of QPSK modulation, pairs of bits, 
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, are mapped to complex-valued modulation symbols x=I+jQ according to Table x.2-1.

Table x.2-1: QPSK modulation mapping
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x.3
16QAM

In case of 16QAM modulation, quadruplets of bits, 
[image: image23.wmf])

3

(

),

2

(

),

1

(

),

(

+

+

+

i

b

i

b

i

b

i

b

, are mapped to complex-valued modulation symbols x=I+jQ according to Table x.3-1.

Table x.3-1: 16QAM modulation mapping
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x.1.4
64QAM

In case of 64QAM modulation, hextuplets of bits, 
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, are mapped to complex-valued modulation symbols x=I+jQ according to Table x.4-1.

Table x.4-1: 64QAM modulation mapping
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x.1.5
256QAM

In case of 256QAM modulation, octuplets of bits, 
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Table x.5-1: 256QAM modulation mapping
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	-7

	00001010
	1
	5
	01001010
	1
	-5
	10001010
	-1
	5
	11001010
	-1
	-5

	00001011
	1
	7
	01001011
	1
	-7
	10001011
	-1
	7
	11001011
	-1
	-7

	00001100
	3
	3
	01001100
	3
	-3
	10001100
	-3
	3
	11001100
	-3
	-3

	00001101
	3
	1
	01001101
	3
	-1
	10001101
	-3
	1
	11001101
	-3
	-1

	00001110
	1
	3
	01001110
	1
	-3
	10001110
	-1
	3
	11001110
	-1
	-3

	00001111
	1
	1
	01001111
	1
	-1
	10001111
	-1
	1
	11001111
	-1
	-1

	00010000
	5
	11
	01010000
	5
	-11
	10010000
	-5
	11
	11010000
	-5
	-11

	00010001
	5
	9
	01010001
	5
	-9
	10010001
	-5
	9
	11010001
	-5
	-9

	00010010
	7
	11
	01010010
	7
	-11
	10010010
	-7
	11
	11010010
	-7
	-11

	00010011
	7
	9
	01010011
	7
	-9
	10010011
	-7
	9
	11010011
	-7
	-9

	00010100
	5
	13
	01010100
	5
	-13
	10010100
	-5
	13
	11010100
	-5
	-13

	00010101
	5
	15
	01010101
	5
	-15
	10010101
	-5
	15
	11010101
	-5
	-15

	00010110
	7
	13
	01010110
	7
	-13
	10010110
	-7
	13
	11010110
	-7
	-13

	00010111
	7
	15
	01010111
	7
	-15
	10010111
	-7
	15
	11010111
	-7
	-15

	00011000
	3
	11
	01011000
	3
	-11
	10011000
	-3
	11
	11011000
	-3
	-11

	00011001
	3
	9
	01011001
	3
	-9
	10011001
	-3
	9
	11011001
	-3
	-9

	00011010
	1
	11
	01011010
	1
	-11
	10011010
	-1
	11
	11011010
	-1
	-11

	00011011
	1
	9
	01011011
	1
	-9
	10011011
	-1
	9
	11011011
	-1
	-9

	00011100
	3
	13
	01011100
	3
	-13
	10011100
	-3
	13
	11011100
	-3
	-13

	00011101
	3
	15
	01011101
	3
	-15
	10011101
	-3
	15
	11011101
	-3
	-15

	00011110
	1
	13
	01011110
	1
	-13
	10011110
	-1
	13
	11011110
	-1
	-13

	00011111
	1
	15
	01011111
	1
	-15
	10011111
	-1
	15
	11011111
	-1
	-15

	00100000
	11
	5
	01100000
	11
	-5
	10100000
	-11
	5
	11100000
	-11
	-5

	00100001
	11
	7
	01100001
	11
	-7
	10100001
	-11
	7
	11100001
	-11
	-7

	00100010
	9
	5
	01100010
	9
	-5
	10100010
	-9
	5
	11100010
	-9
	-5

	00100011
	9
	7
	01100011
	9
	-7
	10100011
	-9
	7
	11100011
	-9
	-7

	00100100
	11
	3
	01100100
	11
	-3
	10100100
	-11
	3
	11100100
	-11
	-3

	00100101
	11
	1
	01100101
	11
	-1
	10100101
	-11
	1
	11100101
	-11
	-1

	00100110
	9
	3
	01100110
	9
	-3
	10100110
	-9
	3
	11100110
	-9
	-3

	00100111
	9
	1
	01100111
	9
	-1
	10100111
	-9
	1
	11100111
	-9
	-1

	00101000
	13
	5
	01101000
	13
	-5
	10101000
	-13
	5
	11101000
	-13
	-5

	00101001
	13
	7
	01101001
	13
	-7
	10101001
	-13
	7
	11101001
	-13
	-7

	00101010
	15
	5
	01101010
	15
	-5
	10101010
	-15
	5
	11101010
	-15
	-5

	00101011
	15
	7
	01101011
	15
	-7
	10101011
	-15
	7
	11101011
	-15
	-7

	00101100
	13
	3
	01101100
	13
	-3
	10101100
	-13
	3
	11101100
	-13
	-3

	00101101
	13
	1
	01101101
	13
	-1
	10101101
	-13
	1
	11101101
	-13
	-1

	00101110
	15
	3
	01101110
	15
	-3
	10101110
	-15
	3
	11101110
	-15
	-3

	00101111
	15
	1
	01101111
	15
	-1
	10101111
	-15
	1
	11101111
	-15
	-1

	00110000
	11
	11
	01110000
	11
	-11
	10110000
	-11
	11
	11110000
	-11
	-11

	00110001
	11
	9
	01110001
	11
	-9
	10110001
	-11
	9
	11110001
	-11
	-9

	00110010
	9
	11
	01110010
	9
	-11
	10110010
	-9
	11
	11110010
	-9
	-11

	00110011
	9
	9
	01110011
	9
	-9
	10110011
	-9
	9
	11110011
	-9
	-9

	00110100
	11
	13
	01110100
	11
	-13
	10110100
	-11
	13
	11110100
	-11
	-13

	00110101
	11
	15
	01110101
	11
	-15
	10110101
	-11
	15
	11110101
	-11
	-15

	00110110
	9
	13
	01110110
	9
	-13
	10110110
	-9
	13
	11110110
	-9
	-13

	00110111
	9
	15
	01110111
	9
	-15
	10110111
	-9
	15
	11110111
	-9
	-15

	00111000
	13
	11
	01111000
	13
	-11
	10111000
	-13
	11
	11111000
	-13
	-11

	00111001
	13
	9
	01111001
	13
	-9
	10111001
	-13
	9
	11111001
	-13
	-9

	00111010
	15
	11
	01111010
	15
	-11
	10111010
	-15
	11
	11111010
	-15
	-11

	00111011
	15
	9
	01111011
	15
	-9
	10111011
	-15
	9
	11111011
	-15
	-9

	00111100
	13
	13
	01111100
	13
	-13
	10111100
	-13
	13
	11111100
	-13
	-13

	00111101
	13
	15
	01111101
	13
	-15
	10111101
	-13
	15
	11111101
	-13
	-15

	00111110
	15
	13
	01111110
	15
	-13
	10111110
	-15
	13
	11111110
	-15
	-13

	00111111
	15
	15
	01111111
	15
	-15
	10111111
	-15
	15
	11111111
	-15
	-15
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