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5.3
IMT-2000 CDMA TDD

5.3.1
Overview of the radio interface

5.3.1.1
Introduction

The IMT-2000 radio interface specifications for CDMA TDD technology are developed by a partnership of standards development organizations (SDOs) (see Note 1). This radio interface is called the Universal Terrestrial Radio Access (UTRA) time division duplex (TDD), where three options, called 1.28 Mchip/s TDD (TD-SCDMA – see Note 2), 3.84 Mchip/s TDD and 7.68 Mchip/s TDD can be distinguished.

The UTRA TDD specifications have been developed with the strong objective of harmonization with the FDD component (see § 5.1) to achieve maximum commonality. This was achieved by harmonization of important parameters of the physical layer and a common set of protocols in the higher layers are specified for both FDD and TDD, where 1.28 Mchip/s TDD has significant commonality with 3.84 Mchip/s TDD and 7.68 Mchip/s TDD. UTRA TDD with the three options accommodates the various needs of the different Regions in a flexible way and is specified in a common set of specifications.

In the development of this radio interface the core network specifications are based on an evolved GSM‑MAP. However, the specifications include the necessary capabilities for operation with an evolved ANSI-41-based core network.

The radio access scheme is direct-sequence code division multiple access. There are three chip rate options: the 3.84 Mchip/s TDD option, with information spread over approximately 5 MHz bandwidth and a chip rate of 3.84 Mchip/s, the 7.68 Mchip/s TDD option with information spread over approximately 10 MHz bandwidth and a chip rate of 7.68 Mchip/s and the 1.28 Mchip/s TDD option, with information spread over approximately 1.6 MHz bandwidth and a chip rate of 1.28 Mchip/s. The radio interface is defined to carry a wide range of services to efficiently support both circuit-switched services (e.g. PSTN- and ISDN-based networks) as well as packet-switched services (e.g. IP-based networks). A flexible radio protocol has been designed where several different services such as speech, data and multimedia can simultaneously be used by a user and multiplexed on a single carrier. The defined radio bearer services provide support for both real‑time and non-real-time services by employing transparent and/or non-transparent data transport. The QoS can be adjusted in terms such as delay, BER and FER.

The radio-interface specification includes enhanced features for High-Speed Downlink Packet Access (HSDPA) and improved L2 support for high data rates, allowing for downlink packet-data transmission with peak data rates of 2.8 Mbit/s, 10.2 Mbit/s and 20.4 Mbit/s for the 1.28 Mchip/s, 3.84 Mchip/s and 7.68 Mchip/s modes respectively, and for simultaneous high-speed packet data and other services such as speech on the single carrier. Multiple input multiple output antennas (MIMO), higher order modulation (64‑QAM) allowing for downlink packet data transmission with peak data rates of 8.4Mbit/s on the single carrier for the 1.28 Mchip/s UTRA TDD mode. Multi‑carrier HSDPA feature is also support allowing for downlink packet data transmission with peak data rates of N*8.4Mbit/s for the 1.28 Mchip/s UTRA TDD mode, where N is the number of carriers for simultaneous transmission in the downlink. Features for enhanced uplink have been introduced, allowing for improved capacity and coverage, higher data rates, and reduced delay and delay variance for the uplink. The addition of Higher Order Modulation (16‑QAM) for the enhanced uplink, allows for peak data rates up to 2.2 Mbit/s, 9.2 Mbit/s and 17.7 Mbit/s for the 1.28 Mchip/s, 3.84 Mchip/s and 7.68 Mchip/s modes respectively. The TDD radio interface is able to support enhanced uplink and high-speed downlink packet data services efficiently without the need for UE-dedicated radio resources thus allowing for low-overhead always-on connectivity and battery savings in the UE. For 1.28 Mchip/s UTRA TDD mode, for efficient support of always-on connectivity whilst enabling battery saving in the UE and further increasing the air interface capacity, the specifications also include the continuous packet connectivity feature (CPC); improved L2 support for both uplink and downlink to allow efficient support of high data rates and reduced L2 overhead; For fast state transitions between different states, the specifications also include enhanced CELL_FACH state, supporting both HSDPA and enhanced uplink operation. The CS voice services are supported over HSPA. Support has been added for multi‑frequency operation for the 1.28 Mchip/s UTRA TDD mode.

The radio access network architecture also provides support for Multimedia Broadcast and Multicast Services, i.e. allowing for multimedia content distribution to groups of users over a point-to-multipoint bearer. A transmission method for broadcast services using time-synchronised common waveform transmission from multiple cells and exhibiting high spectral efficiency has been introduced for the 1.28 Mchip/s, 3.84 Mchip/s and 7.68 Mchip/s TDD modes. QPSK and 16-QAM modulation are supported for this method. It is possible to time multiplex such point to multipoint transmissions with other (e.g. unicast) transmissions within the same TDD carrier, or to dedicate an entire TDD carrier for broadcast transmission.

CDMA TDD was originally specified for the IMT-2000 bands identified in WARC-92 and using 1 900‑1 920 MHz and 2 010-2 025 MHz for both uplink and downlink operation. At WRC‑2000 additional spectrum for IMT-2000 was also identified and then the relevant 3GPP specifications have been updated to also include the bands of 1 850-1 910 MHz; 1 910-1 930 MHz, 1 930‑1 990 MHz, 3 400-3 600 MHz and 3 600-3 800 MHz for CDMA TDD.

Evolved-UTRA (E-UTRA) has been introduced for the evolution of the radio-access technology towards a high-data-rate, low-latency and packet-optimized radio-access technology.The downlink transmission scheme is based on conventional OFDM to provide a high degree of robustness against channel frequency selectivity while still allowing for low-complexity receiver implementations also at very large bandwidths. 

The uplink transmission scheme is based on SC-FDMA (Single carrier FDMA), more specifically DFT-spread OFDM (DFTS-OFDM). It also supports multi-cluster assignment of DFTS-OFDM. The use of DFTS-OFDM transmission for the uplink is motivated by the lower Peak-to-Average Power Ratio (PAPR) of the transmitted signal compared to conventional OFDM. This allows for more efficient usage of the power amplifier at the terminal, which translates into an increased coverage and/or reduced terminal power consumption. The uplink numerology is aligned with the downlink numerology.

Channel coding is based on rate-1/3 Turbo coding and is complemented by Hybrid-ARQ with soft combining to handle decoding errors at the receiver side. Data modulation supports QPSK, 16QAM, and 64QAM for both the downlink and the uplink.

The E-UTRA supports bandwidths from approximately 1.4 MHz to 100 MHz, yielding peak data rates up to roughly 3 Gbit/s in the downlink and 1.5 Gbit/s in the uplink. Carrier aggregation, i.e. the simultaneous transmission of multiple component carriers in parallel to/from the same terminal, is used to support bandwidths larger than 20 MHz. Component carriers do not have to be contiguous in frequency and can even be located in different frequency bands in order to enable exploitation of fragmented spectrum allocations by means of spectrum aggregation. 

Channel-dependent scheduling in both the time and frequency domains is supported for both downlink and uplink with the base-station scheduler being responsible for (dynamically) selecting the transmission resource as well as the data rate. The basic operation is dynamic scheduling, where the base-station scheduler takes a decision for each 1 ms Transmission Time Interval (TTI), but there is also a possibility for semi-persistent scheduling. Semi-persistent scheduling enables transmission resources and data rates to be semi-statically allocated to a given User Equipment (UE) for a longer time period than one TTI to reduce the control-signalling overhead.

Multi-antenna transmission schemes are an integral part of this radio interface. Multi-antenna precoding with dynamic rank adaptation supports both spatial multiplexing (single-user MIMO) and beam-forming. Spatial multiplexing with up to eight layers in the downlink and four layers in the uplink is supported. Multi-user MIMO, where multiple users are assigned the same time-frequency resources, is also supported. Finally, transmit diversity based on Space-Frequency Block Coding (SFBC) or a combination of SFBC and Frequency Switched Transmit Diversity (FSTD) is supported.

Inter-cell interference coordination (ICIC), where neighbour cells exchange information aiding the scheduling in order to reduce interference, is supported. ICIC can be used for homogenous deployments with non-overlapping cells of similar transmission power, as well as for heterogeneous deployments where a higher-power cell overlays one or several lower-power nodes.

Relaying functionality is included. The relay node (RN, Relay Node) appears as a conventional base station (e-Node B) to terminals but is wirelessly backhauled to the remaining part of the radio-access network (RN connects to an eNB called Donor eNB, DeNB) using a modified version of the E-UTRA radio interface.

SON (Self Organizing Networks) concept has been introduced and includes several different functions from eNB activation to radio parameter tuning for self-configuration /self-optimization functions. SON includes eNB self-configuration functions, that is Dynamic S1-MME/X2 interface configuration, PCI self-configuration, ANR (Automatic Neighbour Relations), PCI selection, and eNB self-optimisation functions, that is RACH optimisation, MLB (Mobility Load Balancing) and MRO (Mobility Robustness Optimisation).

SON has been extended to UTRAN as well, with the introduction of ANR UTRAN function. Inter-RAT self-configuration/optimisation functions are defined as well.

E-UTRAN supports a full set of services ranging from real-time to non real-time packet data services, including optimizations for support of emergency call VoIP and support for location services.

Further, the technology includes RF requirements for multicarrier and multi-RAT base stations (MSR) enabling support of all 3GPP based technologies operating in the same base station equipment.

Features are also included in support of Minimization of Drive Tests, by means of collection of UE‑specific measurements using Control Plane architecture, for both UTRAN and E-UTRAN.
Network Based Positioning Support has been introduced by means of uplink positioning method, where the UE position is estimated based on timing measurements of uplink radio signals taken at different LMUs (Location Measurement Unit), along with knowledge of the geographical coordinates of the LMUs. The LMU makes measurements and communicates these measurements to an E-SMLC (Enhanced Serving Mobile Location Centre). Both standalone LMU and LMU integrated into an eNB are supported.

NOTE 1 – Currently, these specifications are developed within the third generation partnership project (3GPP) where the participating SDOs are ARIB, ATIS, CCSA, ETSI, TTA and TTC.

NOTE 2 – The same name TD-SCDMA was previously used for one of the original proposals that was further refined following the harmonization process.
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