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Introduction
Post-RAN#71 email discussion was set up as follows:
[RAN#71-11] Scenarios, KPIs and methodology (Nokia)
- Develop a way forward on the handling of scenarios, KPIs and corresponding evaluation methodology
Section 2 sets forth the questions posed in the email discussion as well as collects the comments received
Section 3 summarizes the discussion and provides recommendations for RAN”72 to discuss and decide.
Questions
	Question: How are the different scenarios to be used in the evaluation of Cell/Transmission Point/TRP spectral efficiency, Area traffic capacity, User experienced data rate and 5th percentile user spectrum efficiency for eMBB and how are mMTC, URLLC and V2X to be evaluated

	Company
	Response

	Nokia
	Indoor Hotspot, Dense Urban, Rural, Urban Macro and High Speed scenarios are used in the system level evaluation
Long range communication: Single-cell, single-user simulation for up to 100 km
High speed: BS-to-relay link level simulation
URLLC link level simulation, reliability of a packet of a specific size for a specific max latency
mMTC: analytical assessment for connection density
V2X: TBD

	Huawei
	The evaluation method of a specific scenario needs to consider what technology will be evaluated in that scenario. An evaluation method specific to each technology candidate that needs to be evaluated will have to be defined. This should be defined by WGs, not by RAN. If the evaluation of a specific technology employs a specific scenario, the evaluation method would be applied to that scenario.
Some preliminary observations are given below.	
For eMBB, Indoor Hotspot, Dense Urban, Rural, Urban Macro and High Speed scenarios are used in the system level evaluation. For long range communication scenario, consider link budget, and if necessary, use one-cell system-level simulation for extreme rural scenario. 
For mMTC, urban coverage for massive connection scenario is used in system level simulation (RAN1#84bis agreed to use system level simulation to evaluate NR multiple access, and mMTC scenario is one of the evaluation scenario).
For V2X scenarios, TBD. 

	Ericsson
	The deployment scenarios Indoor hotspot, Dense urban, Rural, and Urban Macro are used for evaluations, by means of system-level simulations, of eMBB cell/TRP spectral efficiency, 5th percentile user spectral efficiency, area capacity, and user experienced datarate.
The high speed scenario is used to extract an operating point in terms of SNR for link simulations.
The extreme rural scenario with 100km range is used for single-cell system level evaluations of achievable traffic density. The scenarios with other ranges are handled by means of link budgets, indicating e.g. what propagation characteristic and antenna arrangements would lead to the desired datarates. 
Connection density for mMTC is evaluated analytically. 
Reliability for URLLC is evaluated by means of link simulations. The operating point (SNR) can be derived from a deployment scenario.

		DOCOMO
	Indoor hotspot, Dense urban, Rural, and Urban Macro: These deployment scenarios are used for evaluations, by means of system-level simulations, of TRP spectral efficiency, 5th percentile user spectral efficiency, area capacity, and user experienced datarate.
High Speed scenario: This is used to extract an operating point in terms of SNR for link-level simulationsto be used for evaluations of mobility up to 500km/h (similar approach as IMT-Advanced).
The Extreme Rural scenario:100km range is used for single-cell system level evaluations of achievable traffic density. The scenarios with other ranges are handled by means of link budget calculations.
mMTC: Analytical assessment for connection density
URLLC:Latency is evaluated by analysis, and reliability is evaluated by link-level simulations at an operating point SNR. The operating point SNR is obtained from one deployment scenario.

	Qualcomm
	[Abbreviations used:SLS = system level simulations; LLS = link level simulations]
Scenarios requiring SLS (mainly for eMBB, TBD for other usage scenarios): Indoor Hotspot, Dense Urban, Rural, Urban Macro, High Speed (macro only - NOTE).
NOTE: for the High Speed Macro+Relay scenario, focus should be on Link-level simulations of the BS-to-relay link 
For long range scenarios (mainly for eMBB, TBD for other usage scenarios), link level evaluations (e.g. based on link-budget calculation) should be considered; if found necessary, single-cell system level simulations may be also evaluated.
For Urban with massive connections (mMTC specific), both LLS and SLS may be considered.
For (V2X) Highway and Urban Grid, both LLS and SLS may be considered.
NOTE: see below for more details on LLS/SLS targets, i.e. main KPIs to be evaluated

	ZTE
	eMBB usage scenario:
[bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: OLE_LINK3][bookmark: OLE_LINK4]Indoor hotspot, Dense urban, Urban Macro and Rural, these deployment scenarios will be evaluated in RAN1 by system-level simulation, which these requirements of  system-level simulation includes cell spectral efficiency, 5th percentile user spectral efficiency, area  traffic capacity, and user experienced data rate.
The evaluated methodology of  the high speed  deployment scenario depends on different network layout
Option 1: Macro only should be considered by system-level simulation
Option 2: Macro + relay nodes, only xNB-to-relay should be evaluated by link-level simulation. But the channel model of High speed in HF should be FFS
[bookmark: OLE_LINK5][bookmark: OLE_LINK6]With regarding to the extreme rural scenario, single-cell system level simulation is used for 100km range.
mMTC usage scenario:
The urban coverage for massive connection deployment scenario should be evaluated in RAN1 by system-level simulation, which these requirements of system-level simulation includes connection density. 
It is notable that RAN1 is discussing with evaluated assumption of system-level simulation for mMTC.
URLLC usage scenario:
V2X is FFS

	CATT
		
	Indoor hotspot, 
	Dense urban, 
	Urban Macro 
	Rural
	High speed
	Extremely long range

	eMBB
	SLS
	SLS
	SLS
	SLS
	SLS(UE-Macro)
+ LLS(Relay-Macro)
	Link budget only.

	mMTC
	No
	No
	SLS + Analysis 
	No
	No
	No

	URLLC
	LLS based on cell edge SINR of the 4 scenarios
	No
	No

	eV2X
	FFS




	LG
	For eMBB, Indoor hotspot, dense urban, urban macro and rural are used with SLS for cell/TRP spectral efficiency, 5th percentile user spectral efficiency, user experienced data rate. 
For mMTC, as agreed in RAN1#85, SLS + analysis can be used for connection density, analysis for UE battery life and LLS for coverage analysis.
For URLLC, we prefer LLS for reliability measurement. 
For eV2X, SLS should be performed to measure reliability, and details can be determined by RAN1.  






	Question: What other KPIs are to be evaluated against a numerical target, what is the evaluation methodology.

	Company
	Response

	Nokia
	· User experienced data rate: Evaluated to show the limits against set targets (not strict requirements). FTP traffic model simulation
· Area traffic capacity: Evaluated to show the limits against set targets (not strict requirements). FTP traffic model simulation
· TRP S.E.: ~3x as an initial target could be revisited later, full buffer simulation
· 5% S.E:.~3x as an initial target could be revisited later, full buffer simulation
· UP & CP latency: Analytical as in LTE-A evaluation 
· Coverage & extreme coverage: single-cell, single-user system sim for 100 km, link budget for > 100 km
· UE battery life: See email discussion [71-03]
· Energy efficiency: See email discussion [71-06]

	Huawei
	For RAN study of comparing different candidate technical proposals, the evaluation method of each KPI would also relate to what technology will be evaluated using that KPI. Therefore we also need to take into account RAN WG inputs. 
Some preliminary observations are given below.	
· User experienced data rate: System-level simulation with non-full buffer traffic model.
· Area traffic capacity: System-level simulation with non-full buffer traffic model.
· TRP S.E.: System-level simulation with full buffer.
· 5% S.E.: System-level simulation with full buffer.
· Energy efficiency: according to [71-06]

· UP & CP latency: Analytical as in LTE-A evaluation 
· Reliability: link level simulation for general requirement

· Connection density / connection efficiency (#device/TRP/MHz): System-level simulation with non-full buffer traffic model (mMTC traffic model)
· Latency for infrequent small packets: System-level simulation with non-full buffer traffic model.
· Coverage & extreme coverage: link budget
· UE battery life: analytical

· Peak data rate/ Peak spectrum efficiency: analytical
· Mobility: System-level + link-level as in LTE-A evaluation
· Mobility interruption time: analytical

	Ericsson
	In addition to the cell/TRP spectral efficiency, 5th percentile user spectral efficiency, area capacity, and user experienced datarate, which are evaluated by means of system-level simulations, we propose the following evaluation methodologies:
· Peak datarate: Analytical
· Peak spectral efficiency: Analytical
· Bandwidth: Inspection
· Control plane latency: Analytical
· User plane latency: Analytical (OK to log per-packet delay in user experienced data rate evaluations)
· Latency for infrequent small packets: Analytical 
· Mobility interruption time: Analytical
· Inter-system mobility: Inspection
· Reliability: Link simulations 
· Coverage: Link simulations and analysis
· Extreme coverage: Single-cell system simulations for 100km range, link budgets for other ranges
· UE battery life: Analytical
· Mobility: Link simulations with operating point from deployment scenarios, as for IMT-A 
· Network Energy efficiency: See separate e-mail discussion [71-06]


	DOCOMO
	We propose the following evaluation methodologies for the following KPIs:
· Peak data rate:Analytical
· Peak spectral efficiency:Analytical
· Bandwidth:Inspection
· Control plane latency:Analytical
· User plane latency:Analytical
· Mobility interruption time:Analytical
· Inter-system mobility:Inspection
· Reliability:Link-level simulations with operating point SNR obtained from a deployment scenario
· Coverage: Link-budget calculation
· Extreme coverage:Single-cell system simulations for 100km range, link budget calculation for other ranges
· UE battery life: Follow [71-03]
· UE energy efficiency: Inspection
· Cell/Transmission Point/TRP spectral efficiency:~3x as an initial target could be revisited later, Full buffer system-level simulations
· Area traffic capacity:Evaluated to show the limits against set targets (not strict requirements). FTP traffic model system-level simulation
· User experienced data rate:Evaluated to show the limits against set targets (not strict requirements). FTP traffic model simulation
· 5th percentile user spectrum efficiency:~3x as an initial target could be revisited later, full buffer system-level simulations
· Connection density: Analytical assessment
· Mobility:Link-level simulations with operating point SNR obtained from deployment scenario in a similar way to IMT-Advanced
· Network energy efficiency:Follow [71-06]

	Qualcomm
	[Abbreviations used: SLS = system level simulations; LLS = link level simulations]
eMBB main KPIs:
- Indoor Hotspot, Dense Urban, Rural, Urban Macro:
· Cell/Transmission Point/TRP spectral efficiency -  SLS (Full Buffer)
· 5th percentile User spectral efficiency - SLS (Full Buffer)
· User experienced data rate  - Full buffer: analytical (derived from spectral efficiency); Non Full buffer: SLS
· Area traffic capacity - Full buffer: analytical (derived from spectral efficiency)
- High speed:
· Max speed (500km/h): LLS 
· Mobility/handover and UE battery performance (Macro only): SLS 
· Spectral efficiency and capacity related KPIs (Macro only) can be also evaluated (see above)
- Long Range: 
· Coverage (LLS); Capacity: Analytical/SLS (single cell)

mMTC main KPIs:
· Connection density queuing analysis. 
· Inputs to the queuing model on spectral efficiency is to be generated from full buffer cell edge throughput
· Control plane latency could be generated from link level simulations
· Battery life 
· Analytical / Statistical (SLS)
· Coverage - LLS (MCL).
· System level simulations may be also used (in conjunction with link level simulations) to derive the coverage for mesh based mMTC deployments.

URLLC/V2X main KPIs:
· Latency (Control/User Plane) & Reliability – LLS
· Reliability & Capacity – SLS
· including both URLLC and URLLC+eMBB services

	ZTE
	Besides mentioned requirements from first Question (Q1), high-level assessment methods of others requirements can be found from below:
Inspection:
Bandwidth
Inter-system mobility
Single-cell system simulations:
Extreme coverage
Link-level simulations:
Reliability: 
Coverage
Analytical:
UE battery life
Latency for infrequent small packets 
Mobility interruption time
Peak data rate
Peak spectral efficiency
Control plane latency
User plane latency 
Latency for infrequent small packets
Network Energy efficiency: e-mail discussion [71-06]
UE battery life: e-mail discussion [71-03]

	CATT
	We propose the following evaluation methodologies:
· Peak data rate: Analytical
· Peak spectral efficiency: Analytical, Consider the difference of lower band and higher band.
· Bandwidth: Inspection
· Control plane latency: Analytical at the idea condition:  single cell with single user.
· User plane latency: Analytical at the idea condition:  single cell with single user.
· Latency for infrequent small packets: Analytical at the idea condition:  single cell with single user.
· Mobility interruption time: Analytical with idea and non-idea backhauling.
· Inter-system mobility: Inspection
· Reliability: Link level simulations 
· Coverage: Link simulations plus linkbudget
· Extreme coverage: Link budget as baseline. Single-cell system simulations for 100km range if proper channel modeling is available.
· UE battery life: Analytical
· Mobility: Link simulations with operating point from deployment scenarios, as for IMT-A 
· Network Energy efficiency: FFS

	LG
	Other than KPIs mentioned in Q1, we propose the followings. 
· UP/CP latency: analysis for general cases
· Latency for infrequent small packets: analysis
· Reliability for general URLLC cases: LLS
· Peak data rate, peak spectral efficiency: analysis
· Extreme coverage: link budget LLS
· Mobility interruption time: analysis
· Mobility/handover: SLS at least for eV2X 



Summary and recommendations
The attached Excel sheet collects and categorizes the responses in a more structured way. Based on the responses the following recommendations are made:
· All responding companies suggested that Indoor Hotspot, Dense Urban, Rural and Urban Macro deployments are used to evaluate user experienced data rate, area traffic capacity, TRP spectral efficiency and 5-percentile spectral efficiency
· There was no unanimous consensus on the applicability of the high-speed deployment. For the relay scenario there was broad support for focusing on BS-to-relay link simulation. For the scenario with no relays, LTE-A type high-speed evaluation was suggested by some companies, while others suggested system level simulation.
· Proposal: 
· Indoor Hotspot, Dense Urban, Rural and Urban Macro deployments are used to evaluate user experienced data rate, area traffic capacity, TRP spectral efficiency and 5-percentile spectral efficiency. 
· For high speed macro scenario, discuss and decide between LTE-A type system + link-simulation approach and the full system simulation approach in RAN#72.
· For high speed train with relays – use BS-relay link simulation.
· UP and CP latency, all but one company suggested analytical evaluation; Proposal: analytical evaluation
· Coverage: Link budget or link simulation were suggested. There is an overlap to email discussion [71-03], which produced a detailed evaluation methodology and the suggestion of [71-03] should be followed.
· Extreme coverage: Link budget and link simulation were suggested together with single cell system simulation. There is an overlap to email discussion [71-03], which produced a detailed evaluation methodology and the suggestion of [71-03] should be followed.
· UE battery life: analytical and statistical (system sim) methods were both suggested, as well as pointing to the email discussion [71-03]. There is an overlap to email discussion [71-03], which produced a detailed evaluation methodology and the agreement of [71-03] should be followed.
· Network energy efficiency. This KPI evaluation methodology was deferred to email discussion [71-06]
· Reliability: Most respondents suggested link level simulations (with operating point SNR obtained from deployment scenario). One company suggested using also system level simulation to analyse reliability and capacity also with URLLC + eMBB traffic mix. Proposal: link level simulation
· Connection density: Both analytical analysis and system simulation were widely suggested. Proposal: Discuss and decide between the two approaches in RAN#72
· Latency for infrequent small packets: Most companies suggested analytical evaluation: Proposal: analytical evaluation
· Peak data rate and spectral efficiency: All respondents suggested analytical evaluation: Proposal: analytical evaluation
· Mobility: Most respondents suggested LTE-A type system-level + link-level approach: Proposal: Link simulations with operating point from deployment scenarios, as for IMT-A.
· Mobility interruption time: All responding companies suggested analytical evaluation: Proposal: Analytical evaluation
· Inter-system mobility: All responding companies suggested evaluation by inspection: Proposal: Inspection
· Bandwidth: All responding companies suggested evaluation by inspection: Proposal: Inspection
· UE energy efficiency: One company responded suggesting evaluation by inspection: Proposal: Inspection
· V2X evaluation: Only one company responded mentioning that both LLS and SLS can be considered for V2X KPI evaluation. There is an overlap to email discussion [71-09], the suggestion of [71-09] should be followed.


1/8
