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1 Introduction
In RAN #71 meeting, the study item, ‘New Radio Access Technology’ (NR) was approved [1] aiming to develop a new radio access technology to meet a use case for enhanced mobile broadband (eMBB). There are various aspects to be considered in specifying modulation schemes: high spectral efficiency, low PAPR, and interference robustness.
In last RAN1#86 meeting, modulation schemes to support these use cases were discussed [2]. In this contribution, we propose evaluation assumptions for link-level simulation (LLS) of modulation schemes.
2 Evaluation assumptions for NR modulation schemes
We propose a reference scheme for performance comparison and discuss the assumption on receivers, channel model, MCS, etc.

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

Receiver assumption
Performance comparison among modulation schemes with different receiver complexities should be considered rather than with a single receiver complexity, because various UE categories covering different receiver complexities can be supported in NR. It is also natural to adopt an appropriate receiver algorithm according to each of proposed modulation schemes for performance comparison, rather than merely adopting the conventional receiver algorithm regardless of the proposed transmission scheme.

Proposal 2: An appropriate receive algorithm can be freely employed according to the proposed modulation scheme, unless the complexity becomes too high. 

Remaining assumptions
For the MIMO evaluation, the following parameters can be appropriately determined by each proponent for performance comparison. 
• The number of codewords
• Space-to-frequency mapping including vertical, horizontal, or diagonal mapping
[bookmark: _GoBack]For the evaluation in interference environments, multiple user-pair can be used to model desired channels and interfering channels. The evaluation assumptions are described in Table 1.

Proposal 3: Table 1 should be taken into account for the performance evaluation of NR modulation schemes. 

Table 1: Evaluation assumptions for LLS of modulation schemes.
	Parameters
	Values

	Carrier frequency 
	4GHz

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

	Channel coding
	LDPC or LTE Turbo code

	System bandwidth 
	10 MHz 

	Total allocated bandwidth for transmission
	Companies need to report this value

	Numerology
	Same as Release 13

	BS antenna configuration
	Refer to [86-20] 

	BS antenna pattern
	

	BS array orientation
	

	UE antenna configuration
	

	UE antenna pattern
	

	UE array orientation
	

	MCS 
	Fixed. 4QAM: 1/2 or 2/3, 16QAM: 1/2 or 2/3; 64QAM: 1/2 or 3/4; 256 QAM: 1/2 or 3/4, other modulation is not precluded. Companies can choose one or some of them. 

	Control overhead 
	realistic 

	Channel estimation
	realistic 

	Channel Model
	• TDL in TR 38.900 (mandatory)
• CDL in TR 38.900 for MIMO evaluation (optional)
• Mobility: 3km/h or 30 km/h or 120 km/h

	SNR distribution of multiple gNB-UE pairs
	• Proponents report if single-user or multi-user-pair LLS is used, and what SNR distribution is assumed. 
• For LLS in interference channels, two desired channels and two interfering channels should be considered as a basic interference channel.

	Suggested SNR distribution of multiple gNB-UE pairs
	• Equal average SNR (short-term variation remains) 
• Unequal average SNR (short-term variation remains. Proponents should report their assumption.)



3 Conclusions
This contribution discussed the evaluation assumptions for the performance comparison of modulation schemes. Based on the discussion, our proposals are 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: An appropriate receive algorithm can be freely employed according to the proposed modulation scheme, unless the complexity becomes too high. 
Proposal 3: Table 1 should be taken into account for the performance evaluation of NR modulation schemes. 
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