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Introduction
With regard to the Rel-14 RAN study, and latest Technical Report, on Scenarios and Requirements for Next Generation Access Technologies [1], this paper provides some evaluation considerations and proposals for the following scenarios: Indoor hotspot, Dense Urban, Rural and Urban Macro.
The focus is on eMBB related evaluations, and the proposal is to perform system level simulations for a limited number of frequency carrier options, focusing on Spectral efficiency, Capacity and User data rate KPIs.
Background
This section includes scenarios attributes, as currently defined in the RAN TR [1], mainly for background and reference.
Indoor hotspot
Table 1. Attributes for indoor hotspot
	Attributes
	Values or assumptions

	Carrier Frequency
NOTE1
	 Around 30 GHz or Around 70 GHz or Around 4 GHz 

	Aggregated system bandwidth
NOTE2
	Around 30GHz or Around 70GHz: Up to 1GHz (DL+UL) NOTE3
Around 4GHz: Up to 200MHz (DL+UL)

	Layout
	Single layer:
- Indoor floor
(Open office)

	ISD
	20m
(Equivalent to 12TRPs per 120m x 50m)

	BS antenna elements NOTE4
	Around 30GHz or Around 70GHz: Up to 256 Tx and Rx antenna elements
Around 4GHz: Up to 256 Tx and Rx antenna elements

	UE antenna elements NOTE4
	Around 30GHz or Around 70GHz: Up to 32 Tx and Rx antenna elements
Around 4GHz: Up to 8 Tx and Rx antenna elements

	User distribution and UE speed
	100% Indoor, 3km/h,
10 users per TRP

	Service profile
	NOTE:	Whether to use full buffer traffic or non-full-buffer traffic is FFS. For certain KPIs, full buffer traffic is desirable to enable comparison with IMT-Advanced values.


NOTE1:	The options noted here are for evaluation purpose, and do not mandate the deployment of these options or preclude the study of other spectrum options. A range of bands from 24 GHz – 40 GHz identified for WRC-19 are currently being considered and around 30 GHz is chosen as a proxy for this range. A range of bands from 66 GHz – 86 GHz identified for WRC-19 are currently being considered and around 70 GHz is chosen as a proxy for this range.
NOTE2:	The aggregated system bandwidth is the total bandwidth typically assumed to derive the values for some KPIs such as area traffic capacity and user experienced data rate. It is allowed to simulate a smaller bandwidth than the aggregated system bandwidth and transform the results to a larger bandwidth. The transformation method should then be described, including the modelling of power limitations.
NOTE3:	"DL + UL" refers to either of the following two cases:
	1.	FDD with symmetric bandwidth allocations between DL and UL.
	2.	TDD with the aggregated system bandwidth used for either DL or UL via switching in time-domain.
NOTE4:	The maximum number of antenna elements is a working assumption. 3GPP needs to strive to meet the target with typical antenna configurations.
Dense urban 
Table 2. Attributes for dense urban
	Attributes
	Values or assumptions

	Carrier Frequency
NOTE1
	Around 4GHz + Around 30GHz (two layers)

	Aggregated system bandwidth
NOTE2
	Around 30GHz: Up to1GHz (DL+UL)
Around 4GHz: Up to 200MHz (DL+UL) 

	Layout
	Two layers:
- Macro layer: Hex. Grid
- Micro layer: Random drop
Step 1 NOTE3: Around 4GHz in Macro layer
Step 2 NOTE3: Both Around 4GHz & Around 30GHz may be available in Macro & Micro layers (including 1 macro layer, macro cell only)

	ISD
	Macro layer: 200m
Micro layer: 3micro TRPs per macro TRP NOTE4,
All micro TRPs are all outdoor

	BS antenna elements NOTE5
	Around 30GHz: Up to 256 Tx and Rx antenna elements
Around 4GHz: Up to 256 Tx and Rx antenna elements

	UE antenna elements NOTE5
	Around 30GHz: Up to 32 Tx and Rx antenna elements
Around 4GHz: Up to 8 Tx and Rx antenna elements

	User distribution and UE speed
	Step1 NOTE3: Uniform/macro TRP, [10] users per TRP NOTE6, NOTE7
Step2 NOTE3: Uniform/macro TRP + Clustered/micro TRP, 10 users per TRP NoTE6, NOTE7
80% indoor (3km/h), 20% outdoor (30km/h)

	Service profile
	NOTE:	Whether to use full buffer traffic or non-full-buffer traffic is FFS. For certain KPIs, full buffer traffic is desirable to enable comparison with IMT-Advanced values.


NOTE1:	The options noted here are for evaluation purpose, and do not mandate the deployment of these options or preclude the study of other spectrum options. A range of bands from 24 GHz – 40 GHz identified for WRC-19 are currently being considered and around 30 GHz is chosen as a proxy for this range.
NOTE2:	The aggregated system bandwidth is the total bandwidth typically assumed to derive the values for some KPIs such as area traffic capacity and user experienced data rate. It is allowed to simulate a smaller bandwidth than the aggregated system bandwidth and transform the results to a larger bandwidth. The transformation method should then be described, including the modelling of power limitations.
NOTE3:	Step 1 shall be used for the evaluation of spectral efficiency KPIs. Step2 shall be used for the evaluation of the other deployment scenario dependant KPIs.
NOTE4:	This value is the baseline and other number of micro TRPs per macro TRP (e.g., 6 or 10) is not precluded.
NOTE5:	The maximum number of antenna elements is a working assumption. 3GPP needs to strive to meet the target with typical antenna configurations.
NOTE6:	10 users per TRP is the baseline with full buffer traffic. 20 users per macro TRP with full buffer traffic is not precluded.
NOTE7:	Other number of users, number of TRPs and traffic models are FFS.
Rural 
Table 3. Attributes for rural scenario
	Attributes
	Values or assumptions

	Carrier Frequency NOTE1
	Around 700MHz or  Around 4GHz (for ISD 1)
Around 700 MHz and Around 2 GHz combined (for ISD 2)

	Aggregated system bandwidth
NOTE2
	Around 700MHz: Up to 20MHz(DL+UL) NOTE3
Around 4GHz: Up to 200MHz (DL+UL)

	Layout
	Single layer:
- Hex. Grid

	ISD
	ISD 1: 1732m
ISD 2: 5000m

	BS antenna elements NOTE4
	Around 4GHz: Up to 256 Tx and Rx antenna elements
Around 700MHz: Up to 64 Tx and Rx antenna elements

	UE antenna elements NOTE4
	Around 4GHz: Up to 8 Tx and Rx antenna elements
Around 700MHz: Up to 4 Tx and Rx antenna elements

	User distribution and UE speed
	50% outdoor vehicles (120km/h) and 50% indoor (3km/h), 10 users per TRP

	Service profile
	NOTE:	Whether to use full buffer traffic or non-full-buffer traffic is FFS. For certain KPIs, full buffer traffic is desirable to enable comparison with IMT-Advanced values.


NOTE1:	The options noted here are for evaluation purpose, and do not mandate the deployment of these options or preclude the study of other spectrum options.
NOTE2:	The aggregated system bandwidth is the total bandwidth typically assumed to derive the values for some KPIs such as area traffic capacity and user experienced data rate. It is allowed to simulate a smaller bandwidth than the aggregated system bandwidth and transform the results to a larger bandwidth. The transformation method should then be described, including the modelling of power limitations.
NOTE3:	Consider larger aggregated system bandwidth if 20MHz cannot meet requirement.
NOTE4: 	The maximum number of antenna elements is a working assumption. 3GPP needs to strive to meet the target with typical antenna configurations.
Urban macro
Table 4. Attributes for urban macro
	Attributes
	Values or assumptions

	Carrier Frequency NOTE1
	Around 2 GHz or Around 4 GHz or Around 30 GHz

	Aggregated system bandwidth
NOTE2
	Around 4GHz: Up to 200 MHz (DL+UL)
Around 30GHz: Up to 1GHz (DL+UL)

	Layout
	Single layer:
- Hex. Grid

	ISD
	500m

	BS antenna elements NOTE3
	Around 30GHz: Up to 256 Tx and Rx antenna elements
Around 4GHz or Around 2GHz: Up to 256 Tx and Rx antenna elements

	UE antenna elements NOTE3
	Around 30GHz: Up to 32 Tx and Rx antenna elements
Around 4GHz: Up to 8 Tx and Rx antenna elements

	User distribution and UE speed
	20% Outdoor in cars: 30km/h,
80% Indoor in houses: 3km/h
10 users per TRP NOTE4

	Service profile
	NOTE:	Whether to use full buffer traffic or non-full-buffer traffic is FFS. For certain KPIs, full buffer traffic is desirable to enable comparison with IMT-Advanced values.


NOTE1:	The options noted here are for evaluation purpose, and do not mandate the deployment of these options or preclude the study of other spectrum options. A range of bands from 24 GHz – 40 GHz identified for WRC-19 are currently being considered and around 30 GHz is chosen as a proxy for this range.
NOTE2:	The aggregated system bandwidth is the total bandwidth typically assumed to derive the values for some KPIs such as area traffic capacity and user experienced data rate. It is allowed to simulate a smaller bandwidth than the aggregated system bandwidth and transform the results to a larger bandwidth. The transformation method should then be described, including the modelling of power limitations.
NOTE3:	The maximum number of antenna elements is a working assumption. 3GPP needs to strive to meet the target with typical antenna configurations.
NOTE4:	10 users per TRP is the baseline with full buffer traffic. 20 users per TRP with full buffer traffic is not precluded.
Editor’s notes: User distribution is 80% indoor and 20% outdoor. Further refinement of outdoor user characteristics being discussed.

Discussion and Proposals
Carrier frequency options
A general proposal for those eMBB deployment scenarios is to reduce the carrier frequency options. One suggestion is provided in the table below.
Table 5. Proposal for eMBB Carrier Frequency evaluation options
	
	Indoor hotspot
	Dense urban
	Rural
	Urban Macro

	Carrier Frequency
	Around 30GHz
or Around 4GHz 
	Around 4GHz + Around 30GHz (two layers)
(including single layer around 4GHz or 30GHz)
	ISD = 1732m: around 4 GHz
ISD = 5km: around 700 MHz
	Around 4GHz or 
Around 2GHz 



KPIs evaluation
For the eMBB deployment scenarios under discussion, the evaluation focus shall be on Spectral efficiency, Capacity and User data rate KPIs. Referring to the KPIs currently defined in the RAN TR [1], the main KPIs would be Cell/Transmission Point/TRP spectral efficiency and 5th percentile User spectral efficiency. User experienced data rate and Area traffic capacity can also be considered. The first two KPIs will require system level simulations; the others may be derived analytically.  
The table below provides the KPI definitions (from [1]) and some evaluation proposals.
Table 6. eMBB KPIs, and evaluation aspects
	KPI / Definition (from RAN TR)
	Proposal for evaluation

	Cell/Transmission Point/TRP spectral efficiency

	TRP spectral efficiency NOTE1 is defined as the aggregate throughput of all users (the number of correctly received bits, i.e. the number of bits contained in the service data units (SDUs) delivered to Layer 3, over a certain period of time) divided by the channel bandwidth divided by the number of TRPs. A 3 sector site consists of 3 TRPs. In case of multiple discontinuous "carriers" (one carrier refers to a continuous block of spectrum), this KPI should be calculated per carrier. In this case, the aggregate throughput, channel bandwidth, and the number of TRPs on the specific carrier are employed
	System level simulations (Full Buffer)

	5th percentile User spectral efficiency

	5th percentile user spectrum efficiency means the 5% point of the cumulative distribution function (CDF) of the normalized user throughput. The (normalized) user throughput is defined as the average user throughput (the number of correctly received bits by users, i.e., the number of bits contained in the SDU delivered to Layer 3, over a certain period of time, divided by the channel bandwidth and is measured in bit/s/Hz. The channel bandwidth for this purpose is defined as the effective bandwidth times the frequency reuse factor, where the effective bandwidth is the operating bandwidth normalized appropriately considering the uplink/downlink ratio. In case of multiple discontinuous “carriers” (one carrier refers to a continuous block of spectrum), this KPI should be calculated per carrier. In this case, the user throughput and channel bandwidth on the specific carrier are employed
	System level simulations (Full Buffer)

	User experienced data rate

	User experienced data rate is the 5%-percentile (5%) of the user throughput. User throughput (during active time) is defined as the size of a burst divided by the time between the arrival of the first packet of a burst and the reception of the last packet of the burst.
For full buffer traffic, user experienced data rate can be  calculated as: user experienced data rate = 5% user spectrum efficiency × bandwidth
	Full buffer: analytical (derived from SE)
Non Full buffer: System level simulations

	Area traffic capacity

	Area traffic capacity means total traffic throughput served per geographic area (in Mbit/s/m2).
It may be expressed as: area capacity (bps/m2) = site density (site/m2) × bandwidth (Hz) × spectrum efficiency (bps/Hz/site)
	Full buffer: analytical (derived from SE)



Conclusions
The following proposals are made:
Proposal 1: Limit carrier frequency options for the deployment scenarios targeting system level simulations, e.g.

· Indoor hotspot: Around 30GHz or Around 4GHz 	
· Dense urban: Around 4GHz + Around 30GHz (two layers, including single layer around 4GHz or 30GHz)
· Rural: around 4 GHz (ISD = 1732m) or around 700 MHz (ISD = 5km)
· Urban Macro: Around 4GHz or Around 2GHz

Proposal 2: The following should be considered for eMBB KPIs evaluation
	KPI / Definition (from RAN TR)
	Proposal for evaluation

	Cell/Transmission Point/TRP spectral efficiency
	System level simulations (Full Buffer)

	5th percentile User spectral efficiency
	System level simulations (Full Buffer)

	User experienced data rate
	Full buffer: analytical (derived from SE)
Non Full buffer: System level simulations

	Area traffic capacity
	Full buffer: analytical (derived from SE)
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