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Note: Other chapters have been excluded for further clarity

5
Technological items required to describe candidate air interface




5.1
Multiple access methods








· 
· 




The choice of the multiple access technology has major impact on the design of the radio interface. For instance, OFDMA, CDMA, SDMA,  and Single-carrier/Multi-carrier operation as well as enhancement and combination of those technologies.

The following are some key factors that could be considered:
- 
New multiple access technologies could support compatibility and co-existing with legacy IMT system

- 
Supporting flexible reuse and allocation of resource 

- 
Supporting high-efficiency usage of spectrum. (such as: reducing and avoiding interfere, reducing overhead, etc) 

-           Adequate for broadband transmission and packet switching

-           High granularity/flexibility for provision of wide class of services

5.2
Modulation scheme





· 
· 




The choice of the baseband modulation scheme depends mainly on radio environment and the spectrum efficiency requirements.
5.3
Error control coding scheme





The choice of the error control coding affects quality of service over the air link, throughput, terminal complexity, coverage and also delay performance of the radio interface technology. The following factors can be considered:

–Advanced forward error correction coding scheme such as Turbo and LDPC could be considered;

– AMC (adaptive modulation and coding) scheme should provide various MCS (modulation and coding scheme) levels

–Hybrid ARQ could also be considered for both efficient use of spectrum and link reliability/adaptation.
-  If more than one schemes are employed, it is also needed to be described adaptation method for each scheme (e.g. error control coding A is adapted to B modulation scheme, etc.)
5.4
Physical channel structure and multiplexing



· 
· 


A physical channel is a manifestation of physical resources (time, frequency, code, and space) and corresponding physical layer processing that are used to transport data, control, or signaling to or from a single user or a multitude of users. Physical channels represent actual PHY processing on the data and control signal bearers.

5.5
Frame Structure


1. 
· 
· 
2. 
3. 
4. 


· 
· 
· 
· 
· 

The IMT-Advanced systems may support both unpaired and paired frequency allocations, with fixed duplexing frequency separations when operating in FDD mode. System performance in the desired bandwidths should be optimized for both TDD and FDD independently while retaining as much commonality as possible.
5.6
Spectrum Capabilities
5.6.1
Duplex Methods (Paired and unpaired operation)




(1) 
(2) 









The IMT-Advanced systems may support both unpaired and paired frequency allocations, with fixed duplexing frequency separations when operating in FDD mode. System performance in the desired bandwidths should be optimized for both TDD and FDD independently while retaining as much commonality as possible.
5.6.2
Flexible Spectrum Use


The potential flexible spectrum usage mechanisms within the same Radio Access Technology between operators may be described. 
5.6.3
Spectrum Sharing


Dynamic spectrum management inside a specific radio interface technology or between different radio interface technologies should be described. 
5.6.4
Channel bandwidth scalability






]
[Editor’s note: WG spectrum may expect input on requirements in this area from IMT.TECH.]
The following items may be taken into consideration when describing the channel bandwidth utilization of the candidate radio interface technologies: 

–
Minimum and maximum operating bandwidths of the system

–
Flexibility and scalability of spectrum usage
- 
Multiple contiguous or non-contiguous band aggregation

–
Frequency plan including both paired and unpaired channel plans with multiple bandwidths for allowing co-deployment with existing cellular systems

–
TDD or FDD licensed spectrum allocation to the mobile service

–
Support of wider channels as they become available in the future.
5.6.5
Supported Bands


The candidate technologies should describe supported frequency bands.
5.7
Support of Advanced Antenna Capabilities 






· 
· 
The following factors may be taken into account in the choice of antenna technology:
The IMT-Advanced system may support MIMO, beamforming and TX Diversity, etc. to improve system performance, cell edge coverage and user data rate.

5.8
Link Adaptation and Power Control




Link adaptation (e.g., adaptive modulation and coding, power control, etc.) may be used by the IMT-Advanced systems.
The number of transmit Power levels as well as the associated control messaging could be optimized for cost effectiveness and performance

5.9
RF channel parameters


RF channel parameters include parameters such as bandwidth, allocation, channel spacing (FDD), guard time (TDD) and FFT size (OFDMA) or chip rate (CDMA) are the key of characterizing radio interface technologies.
5.10
[Scheduling algorithm]


Scheduling is a key attribute to achieve the QoS requirement and increase the resource usage efficiency in various the radio interface technologies. following characteristics such as distributed, QoS aware, channel-dependent and channel adaptation, etc. may be taken into consideration. 

5.11
Radio Interface Architecture and Protocol Stack

[Editor’s note: Text needed to describe this item.]
5.12
Positioning



Proponents should describe how the proposed technology supports positioning, and how positioning accuracy in different environments is achieved while preserving user privacy.
5.13
Support of Multicast and Broadcast





· It is desirable that IMT-Advanced systems support Multimedia Broadcast and Multicast Services with higher spectrum efficiency than IMT-2000 systems. 

· Multimedia Broadcast and Multicast Services could be supported at both a dedicated carrier and mixed carrier where Multimedia Broadcast and Multicast Services and unicast services exist simultaneously.

· It is further desirable that IMT-Advanced systems support optimized switching between broadcast and unicast services, including the case when broadcast and unicast services are deployed on different frequencies

5.14
QoS Support and Management





· 
· 



· 
· 
1. 
2. 
3. 




· 
· 
· 
· 
· 
· 
· 




· 
· 
· 
· 
· 
· 
· 

The following considerations may be taken into account to support QoS in IMT-Advanced systems: 
–
Supporting QoS classes in order to meet the end-user QoS requirements for the various applications

QoS class associated with each service flow could be negotiable;

–
QoS class could be defined by operators;

–
QoS attributes includes, but not limited to:

· Data rate (ranging from the lowest supported data rate to maximum data rate supported by the MAC/PHY),

· Latency (delivery delay),

· Packet error rate (after all corrections provided by the MAC/PHY layers), and delay variation (jitter).

–
When feasible, QoS should be supported when switching between networks;

–
Users may utilize several applications/service with differing QoS requirements at the same time
5.15
Security Aspects







· 
· 
· 






· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
Network security in IMT Advanced systems are needed to protect the service provider from theft of service, to protect the user’s privacy, and to mitigate denial of service attacks, the following considerations may be taken into account:

–
Secure communication at least the same level as the IMT-2000;

–
Enabling independent identification of equipment and user for authentication;

–
Both the network and mobile terminal having to perform mutual entity authentication and session key agreement protocol;

–
Enabling data confidentiality on the air interface for user and control plane traffic.

–
Enabling message integrity and origin authentication across the air interface to protect user data traffic and signaling messages from unauthorized modification

–
Security methods that are employed in the radio interface technology should be described;

–
Allowing for flexible mobile terminal and/or user credentials for authentication to be specified by the Authentication Server;

–
Ensuring messages are fresh to protect against replay attacks;

–
Providing protection of both user and control plane data over non-secure backhaul links.
5.15.1
Privacy and Authentication Aspects


· 
· 
· 
· 
· 

IMT-Advanced systems include privacy and authentication functions which provide the necessary means to mainly achieve 

· System access via certificate, smart card, SIM, USIM, UIM, password, etc.

· Secure Operations, Administration, Maintenance and Provisioning (OAM&P) of system components.

5.16
Network topology






· 
· 
· 
· 
· 

The following considerations may be taken into account for network topology:
–
Single-hop mode, Multi-hop mode, Mesh mode and Peer to peer mode could be considered as the future network topology; 

–
How the proposed system scales to different types of operators and deployment cases should be described; 

–
Deployment scalability, service provision, resource planning and spectrum use;
–
Simple and flat network architecture
–
Supporting multi-RATs operation;

–
Supporting Relay system
- 
Cognitive ability of the network could be considered;

- 
Reconfigurable radio networks could be considered;

- 

5.17
Mobility management and RRM 


[Centralized/Distributed RRM, Inter-RAT spectrum sharing/mobility management need to be considered.]

5.17.1
Mobility management



· 
· 
· 
· 
· 
· 
The following considerations may be made in the context of mobility management:

–
Seamless mobility in the integrated systems composed of WLAN / Mobile WiMAX/ cellular /satellite and broadcasting cells;

–
Vertical handover is desirable in the IMT-advanced systems, especially between cellular (New Mobile Wireless Access) and nomadic (New Nomadic/Local Area Wireless Access) systems.
–
Seamless mobility across different radio access systems is desirable.
5.17.2
Radio Resource Management 


· 
· 
· 
· 



The radio resource management is used to ensure efficient utilization of radio resources in the IMT-Advanced systems, the following considerations  should be taken into account:

–

–
Efficient load balancing and policy management 

–
Dynamic and flexible radio resources management mechanism  to accommodate all relevant aspects including service type, radio environments, QoS class,, terminal speed, power consumption, charging rate, etc.
- 
The service environments and mobility classes defined in ITU-R M. 2078

5.17.3
Inter-RAT Mobility[/Interworking]




The interworking functions used to enable inter-RAT operations should not introduce unreasonable load in the air interface and unnecessary power consumption in user terminal. The interworking functions should consider user terminals with varying capabilities.

The support of interworking functions between heterogeneous radio access systems is desirable  to provide seamless connectivity which includes mobility management, interoperability, constant connection and application scalability
5.17.4
Reporting, Measurements, and Provisioning Support


· 
· 
· 
· 
· 



The measurement attributes should be classified into two categories, one is for handover support and the other is for quality of service monitoring. 
IMT-Advanced systems could enable advanced radio resource management by enabling the collection of reliable statistics over different timescales, including:
· System statistics (e.g. dropped call statistics).

· User information and statistics (e.g. terminal capabilities, mobility statistics, battery life). 

· Flow statistics. 

· Packet statistics. 

· .

IMT-Advanced systems could support measurements in the physical layer of both base station and mobile terminal. The physical layer measurements to be provided for handover support may include:

· Signal strength;

· Signal quality (C/I)
· Neighboring cells’ signals 

The physical layer measurements to be provided for the quality of service monitoring may include:

· Error rates 

· Access delays 

· Session interruption 

· Effective throughput 

Some of these measurements may be reported to the opposite side of the air link on a periodic basis, and/or upon request, and/or event-triggered basis.
5.17.5
Connection/Session Management   

The support of multiple protocol states with fast and dynamic transitions among them is desirable. 
It will provide efficient signaling schemes for allocating and de-allocating resources, which may include logical in-band and/or out-of-band signaling, with respect to resources allocated for end-user data. 
Power saving features can be used to improve battery life for idle mobile terminals.
5.18
Interference mitigation within radio interface



The support of advanced interference mitigation schemes and enhanced flexible frequency re-use schemes are recommended.
The interference mitigation schemes should be described in the proponents’ proposals.
5.19
Synchronization


It is necessary for user terminals to acquire time and frequency synchronization with a serving cell. The technology proponents are required to describe the synchronization mechanisms used in their proposals including synchronization between a user terminal and a site, synchronization between inter-site and synchronization between a site and core network
5.20
Power efficiency



· 
· 
· 
· 
· 

The maximum transmission power is the minimum power required to meet the performance targets over coverage area while maintaining the required quality of service.

5.21
Technology complexity
The IMT-Advanced systems should minimize complexity of the architecture and protocols and avoid excessive system complexity. It should enable interoperability of access networks, support low cost devices and minimize total cost of ownership.
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� 	There can be multiple service flows associated with a single user, and multiple users associated with a single mobile terminal, e.g., in the case where a mobile terminal is a device providing service for multiple end devices.


� 	No specific granularity for these parameters is implied by this requirement.





