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1 Introduction
In RAN1#86bis, the following agreement on NR modulation was made [1].

	Agreements:
· The same constellation mapping as used in LTE (i.e. QPSK, 16QAM, 64QAM and 256QAM) is introduced, while not precluding other constellation mappings
· Note that there might be possibility to exclude some of above constellation mapping based on the further study
· Enhancement modulation schemes for further study include
· Higher order modulation in conjunction with MIMO
· Constellation mapping among subcarriers
· Other constellations (e.g., non-uniform QAM) 
· Coded modulations
· Spatial modulation
· Mappings of bits to symbol(s)
· Rotated-QAM up to BPSK, QPSK
· -QAM (0<k<=1)
· FFS k (e.g., k = 0.5 for BPSK, 0.25 for QPSK)
· Constellation Interpolation
· Note: Other modulation schemes or combinations of the above schemes are not precluded
· Note: Proponents should describe the details of the receivers
· 



In this contribution, we will focus on the link-level simulation (LLS) evaluation assumptions on high-order modulation in conjunction with MIMO for high spectral efficiency in NR. 

2 Evaluation assumptions for NR modulation schemes
In order to support high spectral efficiency with MIMO, it is necessary to evaluate enhanced coded modulation and modulation mapping schemes, since we made the NR modulation agreements in RAN1#86bis. For the comparison purpose, first, we propose a reference modulation scheme and MIMO receiver. We then discuss the assumptions on detailed evaluation environments.

2.1 Reference modulation scheme and MIMO receiver 
In order to evaluate the link-level performance of the proposed modulation schemes, we first should determine a reference scheme that gives the representative performance. The LTE modulation scheme can be the reference modulation as follows:
• Constellation: Uniform M-QAM
• Bits-to-symbol mapping: Gray mapping
• Coded modulation: BICM

In addition, MMSE and MMSE-SIC receivers are reasonable reference receivers because they have been employed as baseline MIMO receivers in the NR performance evaluations [2]. Therefore, the performance of the proposed modulation schemes should be compared with that of the reference scheme.

Proposal 1: The performance of the proposed modulation schemes should be compared with that of the reference scheme, i.e., uniform M-QAM with Gray mapping and BICM employing MMSE/MMSE-SIC receiver. 

2.2 Evaluation environments
For the performance evaluation on high-order modulation in conjunction with MIMO for high spectral efficiency, the following table summarizes the main aspects of the evaluation environments. 

Proposal 2: Table 1 should be taken into account for the performance evaluation of high-order modulation in conjunction with MIMO for high spectral efficiency.  

Table 1: LLS evaluation assumptions on high-order modulation in conjunction with MIMO for high spectral efficiency.
	Parameters
	Values

	Carrier frequency
	4GHz

	Waveform
	DL: CP-OFDM, UL: CP-OFDM or SC-FDMA

	Channel coding
	LTE turbo code(*) or LDPC

	System bandwidth
	20 MHz

	Total allocated bandwidth for transmission
	5/10(*)/20/50 RBs, Companies need to report this value

	Number of antenna port
	2/4(*)/8 for Tx, 2/4(*)/8 for Rx

	MIMO receiver algorithm
	MMSE/MMSE-SIC (baseline)
Other MIMO receiver is not precluded. Companies need to report it

	Numerology
	Same as Release 13

	BS antenna configuration
	(M,N,P,Mg,Ng) = (4,4,2,1,1). (dV,dH) = (0.5, 0.5)λ [86-20]

	BS antenna pattern
	Refer to R1-168547

	BS array orientation
	azimuth 0 degree; downtilt: 110 degree [86-20]

	UE antenna configuration
	(M,N,P,Mg,Ng) = (2,4,2,1,1)

	UE antenna pattern
	Refer to R1-168547

	UE array orientation
	ΩUT, uniformly distributed on [0,360] degree, ΩUT,= 90 degree, ΩUT, = 0 [86-20]

	MCS
	64-QAM: 1/2 or 3/4; 256-QAM: 1/2 or 3/4; 1024-QAM: 2/3, 3/4, other modulation is not precluded. Companies can choose one or some of them.

	Control overhead
	realistic

	Channel estimation
	realistic

	Channel model
	• CDL in TR 38.900 for MIMO evaluation
• Mobility: 3km/h or 30 km/h or 120 km/h

	BF scheme
	Analog BF based on fixed beam + Digital BF (open-loop)


 						  (*) means recommendation for performance evaluation

3 Conclusion
This contribution discussed the evaluation assumptions to compare the performance of modulation schemes. Based on the above discussion, our proposals are made as follows:
 
Proposal 1: The performance of the proposed modulation schemes should be compared with the performance of the reference scheme, i.e., uniform M-QAM with Gray mapping and BICM.
Proposal 2: Table 1 should be taken into account for the performance evaluation of high-order modulation in conjunction with MIMO for high spectral efficiency.
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