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As indicated in the recently agreed TR 38.913 [1], diverse services, deployment scenarios and operating frequencies are to be supported by the 5G new RATs. Potentially, different numerologies will be required to efficiently support such diversity and in [2], the numerology design criteria have been proposed. To investigate the performance of different numerology proposals, proper evaluation methodology needs to be established. In this contribution, several views and proposals regarding the numerology evaluation methodology for 5G new RATs are presented.
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Evaluation methodology
The numerology evaluation should cover all the services, scenarios and frequency bands envisaged for 5G new RATs. To reduce the workload, it is suggested to start with a few typical and representative cases, which should be able to reflect the most important requirements of the services and deployment scenarios under consideration, and then extend to other cases when needed [2]. Furthermore, for each usage scenario, while various numerology options can be proposed, a down-selection should be performed based on the key requirements of the services, deployment scenarios, and practical constraints, as well as the expected performance. 
For 5G numerology evaluation, both link-level and system-level simulations are needed. Link-level simulation can be used to investigate the performance of certain numerology options under determined assumptions (e.g., with a specific channel and fixed modulation and coding scheme), and it can also help to narrow down the numerology options that allow acceptable level of intrinsic ISI (Inter-Symbol Interference) and ICI (Inter-Carrier Interference) for system-level evaluation. On the other hand, system-level simulation can be applied to evaluate the whole system’s performance, taking into account different propagation characteristics due to UE distribution, MIMO transmission and inter/intra-cell interference, etc. If the candidate numerology parameters show non-negligible ICI and ISI, the impact needs to be modeled in system-level simulation.
Proposal 1: Link-level and system-level simulation are both needed for numerology evaluations. Modelling of ISI and ICI would need to be considered in system-level simulation.

Numerology options
For numerology evaluation, the subcarrier spacing options scaled from LTE (i.e., 15 kHz) are recommended as starting point, as it is quite straightforward for both design and understanding.  As an open design, other subcarrier spacing options can also be considered if they demonstrate desired benefits. Some examples of candidate numerologies for sub-6GHz are provided in Table 1. For each usage scenario, a subset of numerology options can be chosen from this table for further evaluation. Note that a LTE-scaled numerology can be also considered for above 6GHz bands, such as a subcarrier spacing of 600 kHz with certain CP overhead(s). However, the numerology (and even waveform) for bands above 6GHz still require further discussions as the study on certain important issues, such as channel characteristics and modelling, is still ongoing [3].
[bookmark: _Ref447215353]Table 1  Examples of numerology options
	Option ID
	TTI length (ms)*
	Subcarrier spacing (kHz)**
	CP Overhead (%)***

	1
	1
	7.5
	6.67

	2
	0.5
	15
	

	3
	0.125
	60
	


*Other TTI lengths are possible if needed.
**The subcarrier spacing options are scaled from the one used in LTE (i.e., 15kHz), further adjustments and non-LTE scaled numerology are possible if needed. 
***Here the CP overhead of 6.67% is just an example, further adjustments such as breaking symbol(s) to extend CP length are possible if needed. 
Evaluation scenarios
 Specifically, the numerology evaluation needs to be considered from three aspects:
1) For diverse services:
· eMBB, mMTC, URLLC and broadcast with MBSFN transmission should be evaluated.
· Full-buffer traffic mode should be considered for eMBB service evaluation.
· Non-full buffer traffic mode should be considered for mMTC and URLLC evaluation.
2) For diverse deployments:
· Different UE speeds (3km/h, 30km/h, 350km/h, and 500km/h) should be evaluated (these user speeds are considered in [1]).                  
· For eMBB, urban macro (UMa) and rural (RMa) should be considered as high priority, additional deployments [1] could be evaluated if needed. 
· For mMTC, urban coverage for massive connection should be evaluated.
3) For diverse spectrum:
· Both below 6GHz and above 6GHz frequency bands should be evaluated, the scenario above 6GHz could be FFS after the channel modelling readied. 
For link-level simulation, it could mainly focus on eMBB including broadcast with MBSFN transmission under specific deployment and spectrum assumption. The detail parameters are defined in appendix as the start point for numerology evaluation.
Furthermore, to facilitate the study, numerology evaluation can start with eMBB, and then extend to mMTC and URLLC services.
Proposal 2: Numerology evaluation can start with eMBB services with higher priority for the urban macro and rural deployment scenarios and mobility ranging from 3 to 500 km/h, in bands below 6GHz.

Evaluation metrics
To evaluate the performance of each numerology option, some dedicated metrics should be set up for both link-level and system-level simulation, which can be selected based on the service requirements. 
1) For eMBB evaluation, the following metrics should be considered:
· For system-level simulation, TRP spectrum efficiency and 5th percentile user spectrum efficiency (see [1]) can be used as evaluation metrics.
· For link-level simulation, SNR-BLER and/or SNR-Throughput curves can be used.
2) For mMTC evaluation, connection density (see [1]) can be the main performance metric. 
· According to [1], high priority should be given to improve “connection efficiency” (in terms of number of devices / TRP / Hz) to achieve the target on connection density. Therefore, it is proposed to evaluate the connection efficiency of each numerology option.
3) For the evaluation of URLLC service, it is proposed to use reliability (together with latency) defined in [1] as the evaluation metric.  
Based on the discussions above, Table 3 summarizes the proposed evaluation metrics for both link-level and system-level evaluation of 5G numerology. 
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	Simulation
	Performance Metrics

	Link-level 
	SNR-BLER and/or SNR-Throughput curves

	System-level
	eMBB
	mMTC
	URLLC

	
	· TRP spectrum efficiency
· 5th percentile user spectrum efficiency
	Connection density (connection efficiency) 
	Reliability (together with latency)



Proposal 3: For numerology evaluation, performance metrics listed in Table 3 should be considered as baseline, and additional metrics can be added when needed.
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Proposal 1: Link-level and system-level simulation are both needed for numerology evaluations. Modelling of ISI and ICI would need to be considered in system-level simulation.
Proposal 2: Numerology evaluation can start with eMBB services with higher priority for the urban macro and rural deployment scenarios and mobility ranging from 3 to 500 km/h, in bands below 6GHz.
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Proposal 3: For numerology evaluation, performance metrics listed in Table 3 should be considered as baseline, and additional metrics can be added when needed.
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Appendix: Evaluation Assumptions for Different Services and Scenarios
Table 4  Link-level simulation assumptions for eMBB service
	Attributes
	Values or assumptions

	Carrier frequency 
	4GHz, 2GHz

	Duplex
	TDD

	Simulation bandwidth
	10MHz

	Number of BS antenna port
	4 as baseline

	Number of UE antennas
	2 

	Transmission mode
	Low mobility*: TM9
High speed**: TM3

	Channel model
	3D UMa based on TR36.873[4] , RMa, ETU

	Modulation and coding rate
	{16QAM: 1/2, 2/3} {64QAM: 1/2, 3/4} {256QAM: 1/2, 3/4}

	Channel estimation
	Ideal channel estimation as the baseline


* For low mobility, 3km/h and 30km/h are considered.
**For high speed, 350km/h and 500km/h are considered.

Table 5 Link-level simulation assumptions for broadcast service
	Attributes
	Values or assumptions

	Carrier frequency 
	4GHz, 2GHz

	Simulation bandwidth
	10MHz

	Number of BS antenna port
	1

	Number of UE antennas 
	2 

	Channel model
	MBSFN propagation channel profile: B2.6 in [5]

	Channel Estimation
	Ideal channel estimation as the baseline



Table 6 System-level simulation assumptions for urban macro
	Attributes
	Values or assumptions

	Deployment scenario
	Urban macro

	Carrier frequency 
	4GHz, 2GHz

	Simulation bandwidth
	10MHz

	Layout
	Single layer: - Hex. Grid, 19x3 macro TRPs

	ISD
	500m

	Number of BS antenna port
	4 as the baseline

	Number of UE antennas 
	2

	User distribution and speed
	Option 1: 100% indoor 3km/h
Option 2: 100% in-car 30km/h
Other options FFS
10 users per TRP as starting point, uniformly distributed based on TR36.873[4] 

	Service profile
	Full buffer

	Channel model
	3D UMa based on TR36.873[4] 

	CSI report
	5 TTI length

	HARQ
	N+4 TTI length






Table 7 System-level simulation assumptions for rural macro
	Attributes
	Values or assumptions

	Deployment scenario
	Rural

	Carrier frequency
	2GHz

	Simulation bandwidth
	10MHz

	Layout
	Single layer: - Hex. Grid, 19x3 macro TRPs

	ISD
	1732m

	Number of BS  antenna port
	4 as the baseline


	Number of UE antennas
	2 


	User distribution and speed
	Option 1: 100% indoor 3km/h
Option 2: 100% in-car 350 km/h
Option 3: 100% in-train 500km/h
Other options FFS
10 users per TRP as starting point, uniformly distributed based on TR36.814[6]

	Service profile
	Full buffer

	Channel model
	RMa based on TR36.814[6]

	CSI report
	5 TTI length

	HARQ
	N+4 TTI length




Table 8 System-level simulation assumptions for urban coverage of mMTC
	Attributes
	Values or assumptions

	Deployment scenario
	Urban coverage

	Carrier frequency
	2GHz 

	Simulation bandwidth
	10MHz

	Layout
	Single layer: - Hex. Grid, 19x3 macro TRPs

	ISD
	1732m

	Number of BS antenna port
	4 as the baseline

	Number of UE antennas 
	1

	UE distribution and speed
	Option 1: 100% users indoor (3km/h)
Option 2: 100% users in-car (100km/h)

	Service profile
	Non-full buffer with small packets

	Channel model
	FFS






