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Abstract: This document proposes to add latency values to the eMBB table “high data rate and traffic density scenarios” of section 7.1 “Performance requirements” 
Introduction

The latency values can vary depending on different service/application to provide e.g., required audio/video resolution support. As a consequence, it worthwhile to define latency values that the 3GPP system should support to enable services to be adapted to end-user performance expectations. 
In TS 22.105, the QoS latency (delay) requirements are presented as a range of values for different operational environment (scenarios). This seems reasonable to avoid forcing a low latency that could have a negative impact on other important requirements. We propose to use the same approach for eMBB table to introduce upper and lower bounds for the latency requirements , considering that only some of the services require a very low latency:
· As an upper bound, 150 ms of two-way latency is proposed. This value is minimal one of the preferred values that are commonly accepted end-user performance expectation for real-time services in accordance with TS 22.105 (i.e. < 75 msec for one way delay). 

· As a lower bound, 10 ms of latency is proposed. This latency is required to support the services like virtual/augmented reality to avoid causing vestibulo-ocular reflex problems in accordance with 3GPP TR 26.918.  The value 10 ms was also proposed in the NGMN paper as the targeted value for the most eMBB scenarios, except broadcast-like services where the latency in accordance with NGMN is <100 ms. The value 10 ms is also align with values proposed in TR 26.918 for virtual reality media services over 3GPP. 

· It is also proposed to remove NOTE 4 that currently specifies two-way latency range for interactive audio and video services as 2‑4 ms. This contradicts with the NGMN values for eMBB scenarios. Besides it can be not feasible to satisfy this low latency requirements (e.g. 2 ms for two-way latency, i.e. 1 ms for one-way delay for interactive real-time services) due to the physical (distance) limitation and other restrictions (e.g. lip-synch time). For instance, taking into account that light travels 300 kilometres within 1 ms the distance from originating entity to terminating entity is restricted by the 300 kilometres, at most. 

· A new NOTE is added to clarify the latency meaning: it is a two-way delay (i.e. from originating entity to terminating entity and back) that is limited by PLMN of the mobile operator (no additional delay contributions from other networks).
Proposal

The following changes are proposed to SMARTER TS in line with the above aspects: 
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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 7.1-1.
-	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 stationary users, 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 users in trains. The users can be connected either directly or via an onboard base station to the network.
-	High-speed vehicle - The scenario for users in road vehicles. The users can be connected either directly or via an onboard base station to the network.
-	Airplanes connectivity - The scenario for users in airplanes. The users can be connected either directly or via an onboard base station to the network.
Table 7.1-1 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
	Latency, ms (NOTE4)
	Coverage

	1a
	Urban macro
	50 Mbps
	25 Mbps
	33 Gbps/km2
	17 Gbps/km2
	3333/km2
	Pedestrians and users in vehicles (up to 120 km/h
	10 – 150 ms
	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
	10 – 150 ms
	Full network (NOTE 1)

	2
	Indoor hotspot
	1 Gbps
	500 Mbps
	15 Tbps/km2
	2 Tbps/km2
	250000/km2
	Pedestrians
	10 -150 ms
	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
	[150000]/km2
	Pedestrians
	10 -150 ms
	Confined area

	4
	Dense urban
	300 Mbps
	50 Mbps
	250 Gbps/km2
	42 Gbps/km2
	8333/km2
	Pedestrians and users in vehicles (up to 60 km/h)
	10 – 150 ms
	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
	Stationary users, pedestrians and users in vehicles (up to 500 km/h)
	<100 ms
	Full network (NOTE 1)

	6a
	High-speed train
	50 Mbps
	25 Mbps
	15 Gbps/train
	7.5 Gbps/train
	1000/train
	Users in trains (up to 500 km/h)
	10 -150 ms
	Along railways
(NOTE 1)

	6b
	High-speed vehicle
	50 Mbps
	25 Mbps
	[100] Gbps/km2
	[50] Gbps/km2
	[2000]/km2
	Users in vehicles (up to 250 km/h)
	10-150 ms
	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)
	10 – 150 ms
	(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 2‑4ms while the corresponding experienced data rate needs to be up to 8k 3D video [300Mbps] in uplink and downlink. The latency is overall two-way delay (i.e. from originating entity to terminating entity and back) that is limited by PLMN of the mobile operator (no additional delay contributions from other networks).

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.
NOTE 6: All the values in this table are targeted values and not strict requirements.
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