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Abstract: This document proposes updates to TS 22.xxx on SMARTER for scenarios requiring high bit rates or high traffic densities.
Summary
The performance requirements in TR 22.863 on eMBB are mostly about high data rates and high traffic densities.

The performance requirements are best captured in a table, to show the differences between different scenarios. NB! The analysis in the tables below is not fully aligned with the pCR (i.e., KPI tables proposed for the TS further down in this document), due to extensive last minute changes to the KPI tables before the SA1 document deadline.
Analysis of consolidated potential requirements

	[CPR-7-001]
	For wide area coverage, the system shall support a minimum experienced data rate per user for mobile broadband services anytime and anywhere, 100Mbps, for pedestrian users (up to [10 km/h]) and users in vehicle (up to 120 km/h), except for very high connection density from 150000/km2 (e.g. stadium) 
	Needed updates
· Add uplink requirement

· Clarify the upper limit for connection density

Proposal - do the needed updates

	[CPR-7-002]
	The 3GPP system shall enable support up to 100% geographic area as part of wide area coverage (one way shall be via satellite access). Note that the 100% geographic area refers to the entire area allowed to be covered by the spectrum license and could be regional or global.
	Not relevant for the table on data rate or traffic density KPIs.
Proposal - address elsewhere

	[CPR-7-003]
	The 3GPP system shall support service limited to a pre-defined geographic area for e.g. residential deployment.
	Not relevant for the table on data rate or traffic density KPIs but the scenario needs to be included in the office scenario and its performance KPIs.
Proposal - include in the indoor scenario [CPR-7-005], and address the limited mobility-aspects elsewhere

	[CPR-7-004]
	For pedestrian users in area with connection density lower than [200/km2] (e.g. in office, in residential, streets), the 3GPP system shall support the peak data rate up to 10 Gbps DL .
	The connection density, 200/km2, is far from the NGMN connection density for offices (75.000/km2), residential ([5.000/km2 TBD]), streets (TBD), and the peak data rate lacks justification. The NGMN requirement for dense areas (200-2.500/km2) is 300/50 Mbps, for speeds up to 100 km/h 
Proposal - ignore the requirement

	[CPR-7-005]
	For indoor users, in high connection density scenario (75000/km2) (e.g. in hotspot), the 3GPP system shall support user experienced data rate up to 1 Gbps DL and 500 Mbps UL, resulting into traffic density of 112,5 Tbps/km2 (UL+DL).
	This is the classical office scenario, but it applies also to home offices and residential deployments even if the connection densities are lower for those scenarios.
Proposal - use the values as such, and add the home and residential aspects

	[CPR-7-006]
	For pedestrian users in a crowded area with very high density ([150000/km2] connection density, like in stadium with [30000] users per stadium) the 3GPP system shall provide user experienced data downlink rate of 25 Mbps and uplink rate of 50Mbps, resulting into traffic density of [12 Tbps/km2] (UL+DL).
	This is the classical stadium and concert scenario. The connection density values need to be confirmed.

Proposal - use the data rate values as such and confirm the traffic density values

	[CPR-7-007]
	The 3GPP system shall support the traffic density in the area at least the level of Tbps/ km2 to support case of traffic for pedestrian users and users in urban vehicle (up to 60 km/h), in 200-2500 /km2 connection density.
	This requirement is the result of a multiplication of data rate and connection density. It should already be covered by other requirements. However, there is no data rate requirement for this scenario (cf. NGMN 5G White Paper)
Proposal - add a requirement for urban broadband

	[CPR-7-008]
	For pedestrian users in area with connection density lower than 200/km2 (e.g. in office, residential, streets), the 3GPP system shall be able to support experienced broadcast DL data rate up to 300 Mbps (e.g. video streams such as 4k UHD or 8k UHD).
	The requirement is not aligned with the NGMN requirement and contains some obvious errors. The following updates are needed
· Connection density is not relevant for a broadcast service - remove it
· The DL data rate requirements are vague, and not aligned with the NGMN value of 200 Mbps per user
· There is no UL requirement

· The user speed excludes many valid users (in-car and in-vehicle users). NGMN suggests up to 500 km/h
Proposal - do the necessary corrections

	[CPR-7-009]
	For pedestrian users in area with connection density lower than 200/km2 (e.g. in office, streets), the 3GPP system shall be able to support at least [15] broadcast channels of [20Mbps] each simultaneously over the same carrier. The current speed limits the service to pedestrians.]
NOTE: 4k UHD: 3840 x 2160, 50FPS, HEVC, 20~30 Mbit/s (Medium quality), 4k UHD: 3840 x 2160, 50FPS, HEVC, ~75Mbit/s (High quality), 4k UHD: 3840 x 2160, 50FPS, AVC ~ 150Mbit/s (High quality), 8K 7680*4320, 50FPS, HEVC, ~300Mbps (High quality)
	According to the data rate values in the NOTE, only medium quality 4K UHD could be supported by this service. Is the intention to support only 2K video?
Proposal - ignore this requirement and remove the note

	[CPR-7-010]
	For pedestrian users in area with connection density lower than 200/km2 (e.g. in office, residential, streets), the 3GPP system shall be able to provide UE to UE (via network) roundtrip latency of 2-4ms on the radio layer between:
· the low data rate in UL and corresponding high data rate video stream in DL. 

· the low data rate in DL and corresponding high data rate video stream in UL. 
The requirement for the video steam shall be capable of running an 8k 3D DL video streaming [300Mbps] for uplink (unicast) and downlink, for e.g. virtual meeting usage.. 
	The connection density is very low considering the user density in the listed areas (office, residential, streets). The number of users using such a person-to-person bi-directional video service may be lower than for many other services. NGMN uses 60/15 Mbps for multiparty video conference, with a connection density of 3.750/km2. The data rate requirement for 8K 3D video needs to be confirmed.

Proposal - ignore this requirement for the time being

	[CPR-7-011]
	The 3GPP system shall support mobile broadband via direct connection or via on-board base station relaying, to users in fast moving road vehicles up to 200 km/h and trains 500 km/h and user experienced data rate up to 50 Mbps per user at DL and 25 Mbps per user at UL, whatever user access directly to the network or via a base stations relaying data transfer for all users in the fast moving vehicles.
	This is well wligned with the NGMN requirements. V2X for LTE assumes maximum road vehicle speeds of 160 km/h. Are the 5G-era cars assumed to be faster?
Proposal - change car's speed to 160 km/h. Add a note about moving base stations

	[CPR-7-012]
	The 3GPP system shall support mobile broadband via direct connection or via on-board base station relaying, to users in airplanes (up to 1000 km/h) and user experienced data rate up to 15 Mbps per user at DL and 7.5 Mbps per user at UL), whatever user access directly to the network or via a base stations relaying data transfer for all users in the airplane.
	This is well aligned with the NGMN requirements

Proposal - add a note about moving base stations

	[CPR-7-013]
	The 3GPP system shall be able to provide the mobile broadband in fast moving road vehicles and trains (traffic density of up to 100 Gbps / km2  at DL, and 50 Gbps / km2 at UL).
	This is well aligned with the NGMN requirements

Proposal - merge with [CPR-7-011]

	[CPR-7-014]
	The 3GPP system shall be able to provide fast moving airplanes connectivity (traffic of up to 1.2 Gbps / airplane at DL and 600 Mbps / plane at UL).
	This is well aligned with the NGMN requirements

Proposal - merge with [CPR-7-01]

	[CPR-7-015]
	The 3GPP System shall be efficient and flexible for transmission of both small and large amounts of data (e.g., streaming video) from the same device.
	Not relevant for the table on data rate or traffic density KPIs.

Proposal - address elsewhere

	[CPR-7-016]
	The 3GPP system shall minimize signalling overhead needed for transmission of small amounts of data.
	Not relevant for the table on data rate or traffic density KPIs.

Proposal - address elsewhere

	[CPR-7-017]
	The 3GPP system shall be able to deliver the aggregate throughput with any traffic type, of the FTTx/xDSL and Next Generation Radio access in both UL and DL directions to all traffic types and 3rd party applications, with very high reliability, very high availability.
	Not relevant for the table on data rate or traffic density KPIs.

Proposal - address elsewhere

	[CPR-7-018]
	The 3GPP system shall support the use of common user equipment (e.g. router hub at customer premises) that support Next Generation Radio and fixed broadband access.
	Not relevant for the table on data rate or traffic density KPIs.

Proposal - address elsewhere

	[CPR-7-019]
	The 3GPP system shall support dynamic and static network address allocation to the common user equipment over Next Generation Radio and fixed broadband access.
	Not relevant for the table on data rate or traffic density KPIs.

Proposal - address elsewhere

	[CPR-7-020]
	with re-wording: The 3GPP system shall support the option for Operators to provide the same level of security and support regulatory requirements and accounting over the FTTx/xDSL link as is provided over the Next Generation Radio access link.
	Not relevant for the table on data rate or traffic density KPIs.

Proposal - address elsewhere

	[CPR-7-021]
	with changes: The 3GPP system shall minimize overhead for data transfer.
	Not relevant for the table on data rate or traffic density KPIs.

Proposal - address elsewhere

	[CPR-7-022]
	The 3GPP system shall support use of common user equipment (e.g. Femtocell at customer premises) that supports Next Generation Radio, WiFi and fixed broadband access.
	Not relevant for the table on data rate or traffic density KPIs.

Proposal - address elsewhere

	[CPR-7-023]
	The 3GPP system shall support convergence of fixed broadband access and mobile network (e.g. 3GPP access (Femtocell, Microcell & Macrocell) and other access technologies including Wifi), with support of service specific policies (e.g. QoS and traffic management policies),  unified set of identities for a single user. This allows to grant that user access to a single set of services (e.g. VAS, parental controls, content, content optimisation and access to local services when appropriate) when using cellular, fixed or cellular over fixed broadband access.  
	Not relevant for the table on data rate or traffic density KPIs.

Proposal - address elsewhere

	[CPR-7-024]
	The 3GPP system shall support seamless service continuity during mobility between Macrocell to Femtocell, Femtocell to Macrocell and Femtocell to Femtocell.
	Not relevant for the table on data rate or traffic density KPIs.

Proposal - address elsewhere

	[CPR-7-025]
	The 3GPP system shall support the end user accessing local area network services (e.g. peripherals, content servers etc.) when connected to the Small Cell at the Customer Premises.
	Not relevant for the table on data rate or traffic density KPIs.

Proposal - address elsewhere


Proposal

Do the proposed changes.

-------------------- PROPOSED CHANGES ---------------------
------------------------- 1ST CHANGE ----------------------------

7
Performance requirements

· 
· 
· 

7.x
High data rates and traffic densities
Several scenarios require the support of very high data rates or traffic densities of the 3GPP system. The scenarios address different service areas: urban and rural areas, office and home, and special deployments (e.g., massive gatherings, broadcast, residential, and high-speed vehicles). The scenarios and their performance requirements can be found in table 7.x-1.
-
Urban macro - The general wide-area scenario in urban area

-
Rural macro - The general wide-area scenario in rural area

-
Indoor hotspot - The scenario for offices and homes, and residential deployments.
-
Broadband access in a crowd - The scenario for very dense crowds, for example, at stadiums or concerts. In addition to a very high connection density the users want to share what they see and hear, putting a higher requirement on the uplink than the downlink.
-
Dense urban - The scenario for pedestrian users, and users in urban vehicles, for example, in offices, city centres, shopping centres, and residential areas. The users in vehicles can be connected either directly or via an onboard base station to the network.
-
Broadcast like services - The scenario for pedestrian users, and users in urban vehicles, for example, in offices, city centres, shopping centres, and residential areas. The passengers in vehicles can be connected either directly or via an onboard base station to the network.
-
High-speed train - The scenario for road vehicles and trains. The passengers can be connected either directly or via an onboard base station to the network.
-
Airplanes connectivity - The scenario for airplane passengers. The passengers can be connected either directly or via an onboard base station to the network.
Table 7.x-1 Performance requirements for high data rate and traffic density scenarios.
	
	Scenario
	Experienced data rate (DL)
	Experienced data rate (UL)
	Area traffic capacity
(DL)
	Area traffic capacity

(UL)
	User density (NOTE 2)
	UE speed
	Coverage

	1a
	Urban macro
	50 Mbps
	25 Mbps
	33 Gbps/km2
	17 Gbps/km2
	3.333/km2
	Pedestrians and users in vehicles (up to 120 km/h
	Full network (NOTE 1)

	1b
	Rural macro
	50 Mbps
	25 Mbps
	0,33 Gbps/km2
	0,17 Gbps/km2
	33/km2
	Pedestrians and users in vehicles (up to 120 km/h
	Full network (NOTE 1)

	2
	Indoor hotspot
	1 Gbps
	500 Mbps
	15 Tbps/km2
	2 Tbps/km2
	250.000/km2
	Pedestrians
	Office and residential (NOTE 3) (NOTE 4)

	3
	Broadband access in a crowd
	25 Mbps
	50 Mbps
	[3,75] Tbps/km2
	[7,5] Tbps/km2
	[150.000]/km2
	Pedestrians
	Confined area

	4
	Dense urban
	300 Mbps
	50 Mbps
	250 Gbps/km2
	42 Gbps/km2
	8.333/km2
	Pedestrians and users in vehicles (up to 60 km/h)
	Downtown (NOTE 1)

	5
	Broadcast-like services
	Maximum 200 Mbps (per TV channel)
	N/A or modest (e.g., 500 kbps per user)
	N/A
	N/A
	[15] TV channels of [20 Mbps] on one carrier
	Pedestrians and users in vehicles (up to 500 km/h)
	Full network (NOTE 1)

	6a
	High-speed train
	50 Mbps
	25 Mbps
	15 Gbps/train
	7,5 Gbps/train
	1.000/train
	Users in trains (up to 500 km/h)
	Along railways

NOTE 1

	6b
	High-speed vehicle
	50 Mbps
	25 Mbps
	[100] Gbps/km2
	[50] Gbps/km2
	[2.000]/km2
	Users in vehicles (up to 200 km/h)
	Along roads

NOTE 1

	7
	Airplanes connectivity
	15 Mbps
	7,5 Mbps
	1,2 Gbps/plane
	600 Mbps/plane
	80/plane
	Users in airplanes (up to 1000 km/h)
	NOTE 1


	NOTE 1: For users in vehicles, the device can be connected to the network directly, or via an on-board moving base station.
NOTE 2: For scenario “Urban macro”, “Rural macro”, and “Dense urban”, 3 operators are assumed. The user density is the value in one operator's network. For “Indoor hotspot” and “High speed”, an operator takes care of the whole traffic.
NOTE 3: A certain traffic mix is assumed; only some users use services that require the highest data rates.
NOTE 4: For interactive audio and video services, for example, virtual meetings, the required two-way end-to-end latency (UL and DL) is 2‑4 ms while the corresponding experienced data rate needs to be up to 8k 3D video [300Mbps] in uplink and downlink.

NOTE 5: User experienced data rate is the minimum data rate required to achieve a sufficient quality experience, with the exception of scenario for broadcast like services where the given value is the maximum that is needed.


-------------------- END OF CHANGES ---------------------
