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The future 5G networks are envisioned to be extremely efficient and scalable across a range of services, new industry verticals, and cost-effective deployment topologies - from macro cells to small cells across licensed, unlicensed and mmWave spectrum. NR modulation design to cover all use cases is a key requirement.
In this contribution, we will focus on the modulation evaluation assumptions for NR for both downlink (DL) and uplink. It is important to note that the choice of modulation depends on service requirement, we focus on three types of services for 5G network with different service requirement
1. eMBB (Enhanced Mobile Broadband): higher data rate (e.g., 5-10 Gbps at the application layer including TCP), high spectral efficiency and low latency (e.g., wide-area ARQ/HARQ latencies of 1-2 ms)
2. mMTC (massive Machine Type Communications): Improved link budget, low device complexity, long device battery life
3. URLLC (Ultra Reliable Low Latency Communications): High reliability (packet error rate ranging: 1e-5 and 1e-9) and low latency (scale down from a few ms to <1ms)
In addition, in 5G, mmWave and integrated access and backhaul (IAB) are also important use cases for different modulation support due to different of use case scenarios and requirements.
2. 	NR Modulation Evaluation Assumptions 
In order to support high peak data rate, high order MIMO and high order modulations are both required for both eMBB and mmWave. Uniform M-QAM with Gray mapping is shown to be an efficient way to achieve coding modulation separation without sacrificing performance while reducing receiver complexity substantially. Hence, Uniform M-QAM with Gray mapping should be treated as baseline for NR. We list Modulation evaluation assumptions below.
Modulation Evaluation requirements
Key requirements need to be kept in mind while evaluating and deciding on modulation:
SISO evaluation:
(1) For SISO case, performance with simple non-iterative (“one-pass”) demodulator and decoder should be the key criterion.
a. Compare the above performance to baseline modulation options (e.g. LTE Uniform M-QAM) over AWGN and ensure it is equal or better
b. Advanced receiver which iterate between demod and decoder, if they provide gains over and above the one-pass receiver can receive attention as a substitution to the current baseline, but (a) needs to be satisfied first
(2) Performance of the scheme will need to be characterized with respect to unconstrained and constrained capacity of the specific modulation scheme.
MIMO evaluation:
(1) For MIMO channel, performance with simple non-iterative (“one-pass”) demapper followed by decoder should be the primary criterion
a. Again compare performance to baseline over fading channel (pre-defined custom channel) and ensure it is equal or better
(2) Advanced receiver which can provide additional gains, can only be used as a secondary criterion to evaluate performance of a given scheme or be considered as a special mode in future releases.
Mapping of spectral efficiency to an effective modulation and code-rate has to be performed taking into account the constrained capacity.
[image: ]
Figure 1. Constrained capacity as a function of SNR (dB)
Following table summarizes the main aspects of the evaluation methodology.
	Component
	Assumption/Requirement

	Channel
	AWGN for SISO
Custom fading for MIMO

	Modulation Mapping
	Baseline = Uniform M-QAM with Gray

	Code-rates
	Depends on MCS switching algorithm

	Performance
	(1) Gap from constrained capacity
(2) Gap from baseline RAT (e.g. LTE)


Table 1 Evaluation Methodology
PAPR evaluation assumptions:
For link-budget limited, low PAPR modulation (e.g. constant envelope modulation) is desirable. Some discussions of requirements and evaluation assumptions could be found in [2].
4. 	Conclusion
In this subsection, we outline Modulation design requirements for 5G.
Proposal 1: Uniform M-QAM with Gray mapping should be considered as NR modulation baseline for eMBB.
Proposal 2: Performance evaluation of modulation should be based on baseline non-iterative receiver at least for the first release.
5. 	Reference
[1]. R1-162216 Candidate NR modulation schemes
[2]. R1-164688 RSMA
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