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Introduction
The SI approved in [1] includes the objective as following:
· Develop specific requirements for next generation access technologies for the identified deployment scenarios.
In this contribution, technical performance requirements including general requirements and deployment scenario specific requirements are discussed and corresponding text proposals are provided. Proposed deployment scenarios can be seen in the companion contributions [2] [3].
Discussion 
Referring to key capabilities deemed in [4] from ITU-R WP5D including Peak data rate, User experienced data rate, Latency, Mobility, Connection density, Energy efficiency, Spectrum efficiency, and Area traffic capacity, other possible capabilities required for IMT-2020 including spectrum and bandwidth flexibility, reliability, resilience,  security and privacy and optional lifetime, and requirements for LTE-advanced (IMT-advanced) [5], requirements proposed for next generation access technologies at least include as in Table 1. The technical performance requirements will be used in the development of evaluation configurations and consequential evaluation combining with deployment scenarios. 
Table 1. Requirements proposed for next generation access technologies
	Categories
	Requirements 
	Applied usage scenarios
	Evaluation methodologies

	General requirements
	Bandwidth
	All scenarios
	Inspection

	
	Channel bandwidth scalability
	All scenarios
	Inspection

	
	Spectrum flexibility
	All scenarios
	Inspection

	
	Support for wide range of services
	All scenarios
	Inspection

	
	C-plane Latency
	All scenarios
	Analytical

	
	U-plane Latency
	All scenarios
	Analytical

	
	Mobility interruption time
	All scenarios
	Analytical

	
	Inter-system handover 
	All scenarios
	Inspection

	
	User Peak data rate
	All scenarios
	Analytical

	
	User Peak spectral efficiency
	All scenarios
	Analytical

	
	Cell** peak data rate*
	All scenarios
	Analytical

	Deployment scenario specific requirements
	 Average cell** spectrum efficiency
	eMBB
	System-level simulation

	
	
Cell** edge spectrum efficiency
	eMBB

	system-level simulation

	
	Area traffic capacity*
	eMBB
	System-level simulation

	
	User experienced data rate*
	eMBB
	System-level simulation

	
	Mobility
	eMBB
	Link-level simulation + system-level simulation

	
	Group handover*
	eMBB(High speed train)
	Analytical

	
	Connection density*
	mMTC

	System-level simulation

	
	Reliability*
	URLLC
	System-level simulation

	
	Network energy efficiency*
	eMBB and mMTC respectively
	Analytical/System-level simulation

	
	UE battery lifetime*
	mMTC
	Analytical

	
	Coverage
	mMTC
	Analytical + link-level simulation


* New technique performance requirement compared with that in evaluation of LTE-advanced
** Cell indicates a radio acess point with one of more antenna elements integrated as one equipment.
Technical performance requirements for LTE-advanced based on minimum requirements defined in ITU-R WP5D [6] including capability-related requirements, e.g. peak data rate, latency, system performance requirements, e.g. spectrum efficiency and deployment-related requirements, e.g. spectrum flexibility. Referring to those categories in LTE-advanced meanwhile facilitating further evaluation for next generation, technique performance requirements are categorized into two main groups as shown in Table 1, i.e. general requirements and deployment scenario specific requirements. General requirements include the requirements to all scenarios including those may provide different values in different usage scenarios, which may only require Inspection or Analysis as evaluation methodology. Deployment scenario specific requirements focus on each deployment scenario of some of usage scenarios.
It is found definitions of some requirements defined for LTE-advanced could be reused or modified a little, particularly for general requirements and deployment scenario specific requirement for usage scenario of eMBB, such as bandwidth, channel bandwidth scalability, , support for wide range of services mobility interruption time, inter-system handover, User peak data rate and User peak spectral efficiency, Average cell spectrum efficiency, 5% User spectrum efficiency and mobility. Values of these requirements will be more stringent to meet the requirements of IMT-2020 though.  
However the definition of reused requirement items, such as Spectrum flexibility, C-plane and U-plane latency, and coverage need to be changed because of its corresponding predictably new services, required capability and  corresponding system design. 
· Spectrum flexibility: to consider more complex location of frequency bands in next generation, increased capacity requirements and flexible DL/UL traffic
· Latency: to consider new requirements according to new services, e.g mMTC
· Coverage: to be additionally defined for mMTC
Furthermore, definitions for those new requirements, which were not required in LTE-advanced, are needed. They are mostly motivated by key capacities and additional capabilities raised by ITU-R [4], including area traffic capacity, User experience data rate for eMBB, connection density, energy efficiency and User battery lifetime for mMTC, and reliability for URLLC. In addition, requirements of “group handover” emerged in 3GPP previous study, e.g. mobile relay. 
All details of definitions for requirements are provided in section 3. TP. Evaluation methodologies in Table.1 reuses the same principle as that in evaluation of LTE-advanced, which is provided to facilitate discussion and future evaluation. Note that listed requirements and their definitions in the following TP are for preliminary discussion, which would be further updated according to study in future. Values of these requirements will be studied further till next meeting. 

Text proposal
------------------------------------------------<TEXT START>-----------------------------------------------------
[bookmark: _Toc439341320]7.1	General requirements
[This sub-section describes the definitions of general requirements, such as peak data rate, control plane latency, etc. and their values]
[The grouping can be updated if in future it is found that some requirements are more relevant to deployment scenario specific]
[bookmark: _Toc439341321]7.1.1	User Peak data rate

Peak data rate is the highest theoretical data rate which is the received data bits assuming error-free conditions assignable to a single mobile station, when all available radio resources for the corresponding link direction are utilised (i.e., excluding radio resources that are used for physical layer synchronisation, reference signals or pilots, guard bands and guard times).
[Values, e.g., 20Gbps]
[bookmark: _Toc439341322]7.1.2	User Peak spectral efficiency 

Peak spectral efficiency is the highest theoretical data rate (normalised by bandwidth), which is the received data bits assuming error-free conditions assignable to a single mobile station, when all available radio resources for the corresponding link direction are utilised (i.e., excluding radio resources that are used for physical layer synchronisation, reference signals or pilots, guard bands and guard times).
[Values]
7.1.3 	Cell peak data rate 
Peak data rate is the highest theoretical data rate which is the received data bits assuming error-free conditions assignable to all mobile stations in one cell, when all available radio resources for the corresponding link direction are utilised (i.e., excluding radio resources that are used for physical layer synchronisation, reference signals or pilots, guard bands and guard times).
[Values for relevant deployment scenario(s) ]
[bookmark: _Toc439341323]7.1.34	Bandwidth

Bandwidth means the total system bandwidth. It may be supported by single or multiple RF carriers.
[Values]
[bookmark: _Toc439341324]7.1.45	Control plane latency 

Control plane latency refers to the time to move from a battery efficient state (e.g., IDLE) to start of data transfer.
[Detailed definition to be discussed] 
[Values]

[bookmark: _Toc439341325]7.1.56	User plane latency 

User plane latency is the time it takes to deliver a small data packet from the radio protocol layer 2/3 SDU ingress point to the radio protocol layer 2/3 SDU egress point of the radio interface in the network for a given service in unloaded conditions. 
[Detailed definition to be discussed]
[Values]
[bookmark: _Toc439341326]7.1.67	Mobility interruption time  

Mobility interruption time means the time duration during which a user terminal cannot exchange user plane packets with any base station during transitions while UE’s serving Transmit/Receive Point (TRP) is changed. Possibly there will be different requirements for intra-frequency and inter-frequency.
[Values]
[bookmark: _Toc439341327]7.1.7	Inter-system handover 

Inter-system handover means the ability to support mobility between the IMT-2020 system and at least one IMT system.
[Values]
[bookmark: _Toc439341328]7.1.8	Deployment possible in at least one identified IMTband  
[Definition]
[Values]
[This could be moved to Chapter 7]
Note: This is a ITU-R requirement from IMT-Advanced. Further study is needed to check whether it is still needed for next generation access technology. If needed, further check if the description need to be updated or not.
[bookmark: _Toc439341329]7.1.9	Channel bandwidth scalability

Channel bandwidth scalability means the ability of the IMT-2020 system to operate with different bandwidth allocations. This bandwidth may be supported by single or multiple RF carriers.
[Values]
[bookmark: _Toc439341330]7.1.10	Spectrum flexibility 
Spectrum flexibility means supports tThe ability of the IMT-2020 system to be adapted to suit different DL/UL traffic patterns and capacity needs for both paired and unpaired frequency bands..
Spectrum flexibility supports the ability of the IMT-2020 system to be adapted to different services and corresponding traffic using different spectrum allocations needs for both contiguous and non-contiguous frequency bands.
Spectrum flexibility supports the ability of the IMT-2020 system to aggregate licensed and un-licensed frequency bands to provide higher data rate.
[Values]
[bookmark: _Toc439341331]7.1.11	Support for wide range of services   

Support for wide range of services means the system shall be inherently flexible enough to meet the connectivity requirements of a range of existing and future (as yet unknown) services to be deployable on the same channel/carrier in an efficient manner. 
[Values]
[This could be merged into Section 7.9]
[bookmark: _Toc439341332]7.2	Deployment scenario specific requirements
[This subsection describes the definitions of deployment scenario specific requirements, such as transmission point spectral efficiency, 5% user spectral efficiency, etc. Their values for each deployment scenario will be given together]
[The grouping can be updated if in future it is found that some requirements are more relevant to general requirements]
[bookmark: _Toc439341333]7.2.1	Cell/Transmission Point/TRP spectral efficiency 
[The definition]
Average spectrum efficiency is defined as the aggregate throughput of all users (the number of correctly received bits over a certain period of time) normalized by the overall cell bandwidth divided by the number of cells. The average spectrum efficiency is measured in b/s/Hz/cell. Cell indicates a radio acess point with one of more antenna elements integrated as one equipment, e.g. a 3 sector site consists of 3 cells.

 Average data throughput per unit of spectrum resource and per transmission reception point (TRP)  (bit/s/Hz). A 3 sector site consists of 3 TRPs.
[Values for relevant deployment scenario(s)]
Note 1: Traffic model should be assumed.
[bookmark: _Toc439341338]7.2.2	Area traffic capacity 
Area traffic capacity means total traffic throughput served per geographic area (in Mbit/s/m2), defined as  average cell spectrum efficiency * bandwidth/area.
[Values for relevant deployment scenario(s)]
Note 1: Note: Traffic model should be assumed.

[bookmark: _Toc439341336][bookmark: _Toc439341334]7.2.3	User experienced data rate  
Minimal user experienced data rate is the 5%-percentile 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. 
 [Values for relevant deployment scenario(s)]
Note 1: Further discussion on if the number of concurrent users needed to be considered.
Note 2: Traffic model should be assumed.
7.2.4	Spectrum efficiency of worst 5-percentile userCell edge spectrum efficiencys 
5% User spectrum efficiency Spectrum efficiency of worst 5-percentile users 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 normalised appropriately considering the uplink/downlink ratio. 
[Values for relevant deployment scenario(s)]
Note 1: Traffic model should be assumed.
[bookmark: _Toc439341337]7.2.5	Median user experienced data rate
Median  user experienced data rate is the 50%-percentile 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. 
 [Further discussion on if the number of concurrent users needed to be considered]
[Values for relevant deployment scenario(s)]
7.2.6	Connection density
Connection density refers to total number of devices fulfilling specific QoS per unit area (per km2). QoS definition should take into account the amount of data generated within a time t_gen that can be sent or received within a given time, t_sendrx,  with x% probability.
[Values for relevant deployment scenario(s)]

[bookmark: _Toc439341335]7.2.7	Mobility
Mobility means the maximum user speed at which a defined QoS can be achieved (in km/h). 
Mobility is supported if the traffic channel link data rate, normalized by bandwidth, is [X Bis/s/Hz] when the user is moving at the maximum speed of Y Km/h in the deployment scenario.
 [Values for relevant deployment scenario(s)]
[bookmark: _Toc439341340]7.2.8	Network energy efficiency   
[The definition]FFS
[Values for relevant deployment scenario(s)]
[bookmark: _Toc439341341]7.2.9	Reliability 
Reliability can be evaluated by the success probability of transmitting [x bytes]  within [t ms] at a certain channel quality [e.g., worst 5-percentile SINR]. 
[Values for relevant deployment scenario(s)]
[To be defined for URLLC]
Note 1: Traffic model should be assumed.
[bookmark: _Toc439341342]7.2.10	Coverage
Maximum coupling loss” to device from Base Station site over which a packet of at least [200 bytes] can be successfully delivered with a latency of [TBD] in UL and DL for a UE. 
[Values for relevant deployment scenario(s)]
[To be defined for mMTC ]
[bookmark: _Toc439341343]7.2.11	UE battery life
UE battery life can be evaluated by the battery life of the device possible for mobile originated data transfer consisting of [200] bytes UL per day followed by [20] bytes DL from MCL of [tbd] dB per stored energy capacity. 
[Values for relevant deployment scenario(s)]
[To be defined for mMTC ]
7.2.12	Group handover
Group handover can be evaluated by a maximum supported user number [Y] at a success probability [X] of cell handover/re-selection within [t ms].
[Values for eMBB-high speed train]
--------------------------------------------------<TEXT END>------------------------------------------------------
Conclusion
In this contribution, categories and definitions of requirements for next generation are discussed. There are proposals:
Proposal 1. Requirements for next generation are categories into two groups (Table 1):
· General requirements for all scenarios using evaluation methods of inspection and analysis 
· Deployment scenario specific requirements for deployment scenario(s) of certain usage scenario(s)
Proposal 2. All requirements in Table 1 should be included in TR
Proposal 3. Definition of requirements follows
· Reuse/modifying definitions in ITU-R[6] or 3GPP[5] for requirements of bandwidth, channel bandwidth scalability,  support for wide range of services, mobility interruption time, inter-system handover, user peak data rate and user peak spectral efficiency, average cell spectrum efficiency, cell edge spectrum efficiency and mobility
· Redefine some requirements in ITU-R[6] or 3GPP[5] for requirements of spectrum flexibility, C-plane and U-plane latency, and coverage.
· New definition for requirements of cell peak data rate, area traffic capacity, user experience data rate and group handover for eMBB, connection density, energy efficiency and User battery lifetime for mMTC, and reliability for URLLC 
Proposal 4. Consider all contents in proposed TP adding to TR
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