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1 Introduction
In the last RAN plenary (RAN#71), a study item on 5G new radio access technology (RAT) was approved [1]. In the study item, both link-level simulation (LLS) and system-level simulation (SLS) would be essential for evaluation of potential technologies targeted for meeting key 5G requirements under future 5G deployment scenarios and applications [2, 3]. This contribution discusses LLS aspects for evaluating new radio interface while the companion contribution [4, 5] focuses on the SLS aspects. 
2 Discussion on link simulation methodology
Initial work of the study item on 5G new radio interface should put high priority on achieving a common understanding on 5G key functionalities from RAN1 perspective [6]. Based on the common understanding, fundamental design aspects for physical layer structures for new RAT should be discussed and decided. Here, the fundamental design aspects include numerology [7, 8], waveform [9], and channel coding [10]. These aspects are important in the initial stage since it is a cornerstone for the following specific designs for physical channels, reference/synchronization signals and etc. For deciding these fundamental design aspects and designing specific physical channels, link level performances are crucial since it provides basic performance metrics such as BLER, throughput, and etc. Since the design of numerology, waveform, and channel coding has impact on following specific design for physical channels and signals, we think design of numerology, waveform, and channel coding should be prioritized and then remaining specific designs are evaluated later for efficient link level evaluations. So, we propose RAN1 to have two-phase approach for the link level evaluations as below.
Proposal1: RAN1 should follow two-phase approach for the link level evaluations for evaluating 5G new radio interface
· Phase 1: Define fundamental design aspects for physical layer signal structures such as numerology, waveform, channel coding, etc.
· Phase 2: Based on the fundamental design aspects, proceed with evaluation of specific physical layer signal design such as channel structure (ex: PDSCH, PDCCH, PUSCH, PUCCH, etc), reference signal, and etc.
3 Evaluation assumptions
Based on the two-phase approach proposed in the previous section, we discuss evaluation assumptions for LLS focusing on the Phase 1 evaluation here. Aligning evaluation methodologies and assumptions for LLS in RAN1 should be the first step before evaluating each fundamental design aspects since under the common methodologies and assumptions RAN1 can have fair comparisons for various designs and techniques which are proposed for 5G new radio interface. As specified in study item description [1], there are various vertical services which 5G new radio interface should support within single framework, e.g. eMBB, mMTC and URLLC. Since each vertical service has different distinct KPI requirements [2, 3], we should consider how to evaluate each vertical service and how to show that the proposed techniques for a vertical service can satisfy corresponding KPIs. For example, for link evaluations of URLLC, LLS is able to show BLER of less than 10-5 [3]. In addition, Doppler setup can be different according to the evaluation scenario. We can consider low Doppler setup for most evaluation cases except eMBB and URLLC. eMBB and URLLC has high mobility requirements so we have to evaluate eMBB and URLLC with high mobile speed, e.g. 500 km/h. Another important aspect is that 5G new RAT is designed to operate in wider frequency bands in both sub-6GHz and over-6GHz spectrum up to 100 GHz [1]. Therefore, we should take into account those wide ranges of frequency spectrum in LLS. Currently, LLS channel model for high frequency spectrum up to 100GHz has been discussed from ad hoc meeting for channel model [11]. Specifically, both TDL and CDL models were investigated and including frequency band of 2GHz is also considered. Therefore, we can use these channel models for link evaluation of 5G new RAT after LLS channel modeling is completed.
In addition, there are some other aspects that we can take into account for link evaluations. First of all, determination of channel coding for 5G new RAT can be done focusing on QPSK modulation and AWGN channel at least in the initial phase in order to minimize simulation work and LLS can be used for comparing the required SNRs to achieve target BLER [10]. Next, we can use OFDM(A) as baseline waveform assumption for determination of numerology according to study item description [1]. We also propose OFDM(A) is the baseline waveform and multiple access for 5G new radio DL/UL with additional consideration of supporting SC-FDM(A) for the uplink coverage limited environments [9]. However, since the performances of OFDM(A) and SC-FDM(A) are already well proved by a variety of wireless communications adopting them, LLS may not be necessary for comparison of those waveforms. However, if non-orthogonal waveforms are considered additionally for 5G new radio interface, evaluations may be necessary for waveform. In this case, we have to take this into account when evaluation methodology is discussed. Concluding discussions above, for the Phase 1 link evaluations, different evaluation assumptions need to be considered depending on evaluated technology. Finally, we summarize following observations:
Observations
· Different KPI requirements of target verticals (e.g., eMBB, mMTC, and URLLC) should be reflected in LLS for 5G new RAT.
· New LLS channel model for high frequency spectrum up to 100GHz should be reflected in LLS for 5G new RAT.
· AWGN channel and QPSK modulation can be used for evaluating channel coding candidates and OFDM(A) can be used as baseline waveform in LLS for 5G new RAT.
· Depending on evaluated technology, different evaluation assumption can be taken.
Based on the above observations, we propose:
Proposal2: We propose Table 1 for Phase 1 link evaluation assumption of fundamental physical layer signal structures.
Table 1. Phase 1 link evaluation assumptions.
	Fundamental physical layer signal structures
	Relevant LLS issues

(Target verticals)
	Proposed evaluation assumption

	Numerology
	Subcarrier spacing 

(eMBB/mMTC/URLLC)
	- Channel model: TDL/CDL model [11]
- Waveform: OFDM
- Doppler set-up (high Doppler for eMBB and URLLC and low Doppler for mMTC)

- Phase noise set-up

- Performance metric: Spectral efficiency

- Each company should provide applied reference signal and channel estimation information together with LLS results

	
	CP length
	- RMS delay spread of above 6GHz should be considered [8]

	Waveform
	Uplink spectral efficiency and coverage 
	- LLS may not be necessary for comparison of OFDMA and SC-FDMA
- FFS for LLS on other non-orthogonal waveform 

	Channel coding
	Reliability (eMBB/URLLC) and coverage (mMTC)
	- Channel model: AWGN

- Modulation: QPSK

- Performance metric: required SNRs to achieve target BLER


4 Conclusions
In this contribution, the link simulation methodology and evaluation assumptions for new radio interface were discussed and we made following observations and proposals:
Proposal1: RAN1 should follow two-phase approach for the link level evaluations for evaluating 5G new radio interface
· Phase 1: Define fundamental design aspects for physical layer signal structures such as numerology, waveform, channel coding, etc.

· Phase 2: Based on the fundamental design aspects, proceed with evaluation of specific physical layer signal design such as channel structure (ex: PDSCH, PDCCH, PUSCH, PUCCH, etc), reference signal, and etc.
Observations
· Different KPI requirements of target verticals (e.g., eMBB, mMTC, and URLLC) should be reflected in LLS for 5G new RAT.

· New LLS channel model for high frequency spectrum up to 100GHz should be reflected in LLS for 5G new RAT.
· AWGN channel and QPSK modulation can be used for evaluating channel coding candidates and OFDM(A) can be used as baseline waveform in LLS for 5G new RAT.

· Depending on evaluated technology, different evaluation assumption can be taken.
Proposal2: We propose Table 1 for Phase 1 link evaluation assumption of fundamental physical layer signal structures.
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