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1. Introduction
The objective of UTRA evolution study item is to develop a framework for the evolution of the 3GPP radio-access technology towards a high-data-rate, low-latency and packet-optimized radio-access technology [1]. The UTRA evolution targets a system with 10X higher data rates and 2-4X higher spectral efficiency than that is achieved with 3G Rel6 systems [1]-[5]. Another important driver for UTRAN evolution appears to be the efficient use of the spectrum and system resources that can help to reduce the development and deployment costs. In this contribution, we provide a set of radio interface requirements and system features required in order to meet the above objectives. The network architecture requirements are provided in the companion contribution [6].
2. Radio Interface Requirements

2.1. Flexible Bandwidth Support
In order to make efficient use of the existing and future spectrum allocations, it is desirable that the system provides flexible support for scalable bandwidths i.e. [1.25], 2.5, 5, 10 and 20MHz. In general, larger bandwidths provide greater statistical multiplexing gains and better trade-off between system overhead and throughput. On the other hand, smaller bandwidths make use of smaller and/or non-contiguous spectrum blocks.
2.2. RAN Round Trip Time (RAN-RTT)
The performances of Internet protocols such as Transmission Control Protocol (TCP) depend upon the total end-to-end round trip time i.e. RTT between the client and the server. However, the RAN delay forms a major component of the total RTT. Therefore, by reducing the RAN-RTT, the performance of TCP and other Internet protocols can be vastly improved. Moreover, the real time applications such as VoIP and Wireless Multi-Part Gaming require lower latency for acceptable performance.  The RAN-RTT can be decomposed into two components, first the RTT between the Node-B and the UE and the second the RTT between the GGSN and Node-B.  We suggest NodeB-UE RTT target value of 10ms and GGSN-NodeB RTT target value of 10ms as well.
2.3. Mobility Support
The UTRA evolution system should support both pedestrian and vehicular mobility speeds. In general, the system achieves higher data rates and throughput at lower mobility. However, reasonable data rates and throughput is also desired for higher mobile speeds. The evolved UTRAN system should provide physical layer transmissions mechanisms and handoff support etc. for vehicular mobility up to around 300Km/h speed. 
2.4. Spectral Efficiency
One of the goals with UTRA radio interface evolution is to reduce the cost per bit by making more efficient use of the spectrum and system resources. The target is 2-4X higher spectral efficiency than that is achieved with 3G Rel6 systems. We propose that the system should support a minimum spectral efficiency of 2b/s/Hz/cell on the downlink and 1b/s/Hz/cell on the uplink in a typical cellular deployment scenario and a mix of channel conditions.
2.5. Peak Data Rate

The peak data rate is defined as the system throughput achieved when all the cell resources are allocated to a single user in good channel conditions. The system should support a peak data rate of 5b/s/Hz on the downlink and 2.5b/s/Hz on the uplink. This translates into a peak data rate of 100Mb/s on the downlink and 50Mb/s on the uplink within a 20MHz bandwidth.

2.6. Support for VoIP
The Voice over IP (VoIP) is expected to be an important application in future wireless mobile system. In order to make this service cost effective and feasible, the VoIP packets needs to be transmitted with higher spectral efficiency without undermining the voice quality. The UTRAN long-term evolution should target a spectral efficiency of 50 Erlangs/MHz/cell for VoIP traffic. This requirement should be met using industry standard vocoders and voice packet delays and QoS comparable to circuit voice. 
2.7. Broadcast/Multicast Support
The system should support broadcast and multicast services using mechanisms that make efficient use of spectrum and system resources. The broadcast service spectral efficiency is determined by the coverage for weak users in the system.  These users are typically located at the cell edge. However, unlike a unicast service, a broadcast service can be simultaneously transmitted from multiple cells in the system.  This can improve the signal quality for weak users at the cell edge. Therefore, the data rates supported at the cell edge for a broadcast service can be higher than that for the unicast traffic. However, the good users’ data rate is also limited to the weak users’ data rate in a broadcast scenario. We suggest a 2b/s/Hz spectral efficiency requirement for the broadcast service.
2.8. Support for Multi-Antenna Capabilities   
Multiple antennas at either the transmitter (MISO) or the receiver (SIMO) or both at the transmitter and the receiver (MIMO) could be used to enhance the coverage, performance and capacity of the system.  Therefore, multiple antenna technologies need to be investigated as a key component for UTRAN long-term evolution.
2.9. Support for Coverage Enhancing Technologies
In a typical cellular deployment with universal frequency reuse, the channel quality difference between the strong user and the weak user in a cell can be greater than 20dB (a factor of 100). This results in a high level of unfairness between good users and the weak users when a proportional-fair scheduler is used.  On the other hand, if a fair scheduler is used, the system capacity is severely affected because the system needs to allocate unproportionally high amount of resources to the weak users. Therefore, it is highly desirable that techniques that enhance coverage, data rates and performance for weak users are investigated as part of the UTRAN evolution.
In order to provide some balance between good users and weak users, a minimum data rate requirement is deemed necessary. The minimum data rate is defined as the system throughput achieved when all the cell resources are allocated to a single user in the worst channel conditions. This is typically the case for the users at the cell edge. A higher throughout for weak users is desirable from system fairness point of view. A factor of 10:1 data rates difference between the strong users and weak users seems desirable. This requires that the system support a minimum data rate of 0.5b/s/Hz on the downlink and 0.25b/s/Hz on the uplink. This translates into a minimum data rate of 10Mb/s and 5Mb/s on the downlink and the uplink respectively within 20MHz bandwidth.  

2.10. Synchronous System Operation   
Synchronous system operation could be useful to improve system capacity and performance for applications such as broadcast traffic. This is particularly true when a technique such as OFDM (or frequency domain equalization) is used for broadcast traffic because the signals from multiple cells can be made orthogonal with the addition of a cyclic prefix to the OFDM symbol. However, the relative delays between signals received from multiple cells needs to be within the cyclic prefix length. The cyclic prefix in OFDM represents additional overhead and it is desirable to keep this overhead to minimum. This requires that the signals be transmitted from multiple cells in a synchronous fashion. Therefore, a synchronous system operation could be investigated as part of UTRAN evolution.
2.11. Fast Call Set-up
The evolved UTRAN system is expected to support applications such as Push-to-talk over Cellular (PoC) requiring fast access to the system. The physical layer mechanisms that provide fast access to the system such as fast random access etc. will need to be investigated as part of the UTRA radio interface evolution. 
2.12. MAC States and State Transitions
The evolved UTRAN system is expected to support a large number of users per cell. In order to make efficient use of spectrum and system resources, multiple MAC states with fast and efficient transition between these sates will be required.  Therefore, mechanisms that provide fast MAC state transitions should be investigated as part of the UTRAN evolution. 
2.13. Standalone Operation
A standalone system operation may be desirable in cases where an operator needs to deploy the new system in markets not covered by existing WCDMA carriers.  In the standalone operation, the system can operate independent of WCDMA carriers. Therefore, new synchronization and control mechanisms would need to be defined as part of the UTRA evolution. In cases, where the evolved UTRA is deployed in markets already covered by WCDMA, available synchronization and control mechanisms based on WCDMA carrier could also be used.  Therefore, standalone operation should not be precluded in evolved UTRA system.
3. Conclusion
We have outlined a set of technical requirements for UTRAN long-term evolution. We believe that these requirements could be used as baseline for defining the full set of technical requirements for UTRA radio interface evolution. 
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