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1   Introduction
As indicated by some use cases listed in TR 22.891, relays will have an important role in enhancing the services provided by next generation access technologies. This document elaborates the scenario and detailed requirements for advanced UE relays. The text proposal provided below is based on the latest version of TR 38.913 (i.e. v0.0.x)
--- BEGIN Text Proposal ---
Foreword

This Technical Report has been produced by the 3rd Generation Partnership Project (3GPP).

The contents of the present document are subject to continuing work within the TSG and may change following formal TSG approval. Should the TSG modify the contents of the present document, it will be re-released by the TSG with an identifying change of release date and an increase in version number as follows:

Version x.y.z

where:

x
the first digit:

1
presented to TSG for information;

2
presented to TSG for approval;

3
or greater indicates TSG approved document under change control.

y
the second digit is incremented for all changes of substance, i.e. technical enhancements, corrections, updates, etc.

z
the third digit is incremented when editorial only changes have been incorporated in the document.

1
Scope

This document is related to the technical report for this study item "Scenarios and Requirements for Next Generation Access Technologies" [1]. The objective of the study item is to
identify the typical deployment scenarios associated with attributes such as carrier frequency, inter-site distance, user density, maximum mobility speed, etc, and to develop requirements for next generation access technologies for the identified deployment scenarios taking into account, but not limited to, the ITU-R discussion on IMT-2020 requirements.
This document contains scenarios and requirements for next generation access technologies, which can be used as not only guidance to the technical work to be performed in 3GPP RAN WGs, but also input for ITU-R to take into account when developing IMT-2020 technical performance requirements. 
2
References

The following documents contain provisions which, through reference in this text, constitute provisions of the present document.

· References are either specific (identified by date of publication, edition number, version number, etc.) or non‑specific.

· For a specific reference, subsequent revisions do not apply.

· For a non-specific reference, the latest version applies.  In the case of a reference to a 3GPP document (including a GSM document), a non-specific reference implicitly refers to the latest version of that document in the same Release as the present document.

 [1]
3GPP SID: “Scenarios and Requirements for Next Generation Access Technologies”
[2] TR 22.891 Feasibility Study on New Services and Markets Technology Enablers.

[3] ITU-R M.2083-0 IMT Vision – Framework and overall objectives of the future development of IMT for 2020 and beyond.
3
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4
Introduction

At the 3GPP TSG RAN #70 meeting, the Study Item description on "Scenarios and Requirements for Next Generation Access Technologies" was approved [1].

The justification of the Study Item was that a fully mobile and connected society is expected in the near future, which will be characterized by a tremendous amount of growth in connectivity, traffic volume and a much broader range of usage scenarios. Some typical trends include explosive growth of data traffic, great increase of connected devices and continuous emergence of new services. Besides the market requirements, the mobile communication society itself also requires a sustainable development of the eco-system, which produces the needs to further improve system efficiencies, such as spectrum efficiency, energy efficiency, operational efficiency and cost efficiency. To meet the above ever-increasing requirements from market and mobile communication society, next generation access technologies are expected to emerge in the near future. A study item to identify typical deployment scenarios for next generation access technologies and the required capabilities in each corresponding deployment scenarios should be considered.
[Brief descriptions of deployment scenarios for next generation access technologies to be developed in this TR][Brief descriptions of requirements for next generation access technologies to be developed in this TR]

5
Objectives
In order to meet the deployment scenarios and requirements, studies for next generation access technologies should be carried out in at least, but not limited to, the following areas, designs for next generation access technologies RAN should strive for enough flexibility to support current envisaged and future requirements for the different use cases,e.g., from SA2 [xxx]: 

6
Scenarios
[This subsection first briefly introduces the three usage scenarios defined by ITU-R, and then describes several deployment scenarios for the three usage scenarios. The mapping between usage scenarios and deployment scenarios needs to be clarified]
6.1
Deployment scenarios for eMBB,mMTC,URLLC
[This subsection describes the deployment scenarios for eMBB and their attributes such as carrier frequency, inter-site distance, user density, maximum mobility speed, etc. The detailed evaluation related aspects, e.g., channel model, are not included in this TR]
6.1.1
Deployment scenario 1

-
Advanced UE relay should target commercial use cases, both UE-to-Network relay and UE-to-UE relay, both outdoor and indoor, as shown in Figure 1. It would be activated in various spectrum deployments, user density scenarios and mobility statuses. 
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Figure 1 Advanced UE relay deployment scenario

6.1.1.1 Commercial services

Advanced UE relay should target commercial services e.g. virtual presence[2], wearable device communication[2] and interactive games. Furthermore, efficient unicast communication should be introduced in order to cater for a variety of service requirements.  
6.1.1.2 UE-to-Network relay and UE-to-UE relay
To support commercial services, not only UE-to-Network relays but also UE-to-UE relays should be employed. Both types of advanced UE relay will contribute to a more flexible network, improvement of spectral efficiency and support of massive connections. 
6.1.1.3 Outdoor and indoor

Advanced UE relay activation should be possible both outdoors and indoors:  indoors e.g. in office [2], at home [2] or outdoors e.g. in the train [2], hotspots [2] to provide services to other indoor or outdoor UEs. 
6.1.1.4 Spectrum

Advanced UE relays should address the deployment scenario in which the same or different frequency bands are assigned to the remote UE to advanced UE relay link (referred to as access link) and advanced UE relay to network link (referred to as backhaul link).

Both the access link and backhaul link should be applied in existing and future licensed cellular bands e.g. above 6 GHz, unlicensed band e.g. 5 GHz as well as shared bands e.g. 3.5 GHz, to take advantage of wider bandwidth and agile spectrum usage.

6.1.1.5 User density

Advanced UE relays should be applicable to both sparse and dense deployments. Especially in some scenarios, single or multiple UE relays will be activated/deactivated within hotspot in on-demand manner [2]. The communication range of a relay could be adjusted according to different coverage strategies.    
6.1.1.6 Mobility

Both the advanced UE relay and its connected UEs could be mobile.

For indoor advanced Relay UEs, low UE speed is targeted. For outdoor advanced Relay UEs, a wider range of UE speeds from low to high speed should be supported.

The relative speed between advanced UE relay and UE is expected to be low.
6.1.N
Deployment scenario N 
[xxx]

7
Performance requirements

[The requirements are grouped into two categories. Category 1 is technical performance requirements (Section 7). Technical performance requirements are further grouped into general requirements (Section 7.1) and deployment scenario specific requirements (Section 7.2). For general requirements, the values or concrete demands are for the whole next generation access technology.  For deployment scenario specific requirements, the values or concrete demands for different deployment scenarios could be different. Category 2 is other requirements (Section 8), which includes requirements from spectrum, co-existence, services, etc.]
7.1
Deployment scenario independent 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]

7.1.1
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]

7.1.2
Spectral efficiency at peak data rate 
Spectral efficiency at peak data rate 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 utilized (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
Bandwidth
Bandwidth means the maximal bandwidth the mobile station can utilize. It may be supported by single or multiple RF carriers.
[Values]

7.1.4
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]

7.1.5
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]

7.1.6
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. Possibly there will be different requirements for intra-frequency and inter-frequency.
[Values]

7.1.7
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.
7.1.8
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 ]
7.1.9
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]
7.1.10
Deployment possible in at least one identified IMT-band  
[Definition]

[Values]

[This could be moved to Chapter 7]

Note: This is an 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.
7.1.11
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]

7.1.12
Spectrum flexibility 
Spectrum flexibility means the 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..
[Values]
7.1.13
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]
7.2
Deployment scenario dependent 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]
7.2.1
Cell/Transmission Point/TRP spectral efficiency 
[The definition]

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)]
Average data throughput per unit of spectrum resource and per advanced UE relay shall be three times [3] of the E-UTRA average spectrum efficiency.
Note 1: Traffic model should be assumed.

7.2.2
Area traffic capacity 
Area traffic capacity means total traffic throughput served per geographic area (in Mbit/s/m2) 
[Values for relevant deployment scenario(s)]
Within the communication range of advanced UE relay, it shall support area traffic capacity to [TBD] Mbit/s/m2.

[Editor’s note, value is TBD].
Note 1: Traffic model should be assumed.
7.2.3
User experienced data rate  
User experienced data rate is the worst 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 users 
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.

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. 
[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.
7.2.6
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 or access request 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)]
The advanced UE relay shall support guaranteed user experience which requires user experience data rate of [TBD] Mbps in [TBD] /km2 active connection density.

[Editor’s note, values for supported data rate and connections are TBD].
7.2.7
Mobility
Mobility means the maximum user speed at which a defined QoS can be achieved (in km/h). 
[Values for relevant deployment scenario(s)]
Network shall support the mobility on backhaul link of advanced UE relay for various mobile speeds up to 500km/h [2].
7.2.8
Network energy efficiency   
[The definition]

[Values for relevant deployment scenario(s)]

8
Requirements for architecture and migration of Next Generation Radio Access Technologies
9
Supplementary-Service related requirements
9.1
Multimedia Broadcast/Multicast Service

9.2
Location/Positioning Service
10
Operation requirements

10.1
Spectrum
Advanced UE relays are required to cope with the following scenarios, both on the access link and backhaul link:

a) Co-existence in the same geographical area and co-location with UTRA/E-UTRA on adjacent channels.

b) Co-existence in the same geographical area and co-location between operators on adjacent channels.

c) Advanced UE relay shall be possible to operate on multi-carriers.

d) Existing and future licensed bands, unlicensed bands as well as shared bands should be allowed
10.2
E2E latency requirement
10.3
Co-existence and interworking with legacy RATs
Following features should be supported by advanced UE relays on the access link:
a) Handovers to/from legacy RATs, with the assistance of advanced UE relays.

b) Handovers between different advanced UE relays, which has same or different RATs on the access link.
10.4
Control of EMF exposure levels requirements
10.5
Interworking with non-3GPP systems

10.6
Radio Resource Management requirements
In co-operation with the network, advanced UE relays shall support some radio resource management functionalities within its coverage area e.g. resource allocation according to radio characteristics and application requirements, service continuity.
10.7
Easy operation and Self Organization requirements
10.8
Complexity requirements

10.9
Cost-related requirements

10.10
Energy-related requirements
10.11
Security and Privacy related requirement relevant for Radio Access
10.12
Performance monitoring and management
10.13
Lawful Interception
10.14
others

11 
Testing and Verifying Requirements 

--- End Text Proposal ---
2   Conclusion
This document elaborates the scenario and detailed requirements for advanced UE relay. We therefore propose that RAN to consider including the advanced UE relay related deployment scenario and requirements to the next generation access technologies study.
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