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GERAN evolution – Proposed text on dual-carrier and multi-carrier for technical report

This document contains proposed description of the dual-carrier/multi-carrier GERAN feature for the technical report on GERAN evolution.

7
Dual-carrier and multi-carrier

7.1


Introduction

Multi-carrier GERAN is a performance-enhancing feature aimed at improving peak and average user throughput, increase trunking gain, and to reduce latency. Currently, the theoretical peak data rate of EGPRS is 473.6 kbps. In a real network, bit rates in the order of 100-200 kb/s are feasible on four timeslots. With multi-carrier, both peak and average user throughput is increased proportionally to the number of carriers. With a dual-carrier constellation, the peak data rate would be close to 1 Mb/s. The need for higher bit rates could make it desirable to support multi-carrier GERAN in future releases of the GERAN standard. With this feature, peak and average bit rates can be increased in a very flexible and backwards-compatible manner. The improved data rates are needed in order to ensure that the same services are available regardless of the underlying radio technology, GERAN or UTRAN.

The most obvious benefit of multi-carrier GERAN is that it overcomes one limitation of the GSM radio interface – the 200 kHz carrier bandwidth. This limitation puts a restriction on the rate of data transfer to one and the same user, and is the fundamental difference between GSM/EDGE and other radio access technologies such as WCDMA. Multi-carrier GERAN gives increased flexibility in how the system throughput is divided among users.

Conceptually, dual-carrier is a special case of multi-carrier. Since there may be differences mainly in terms of MS implementation, special consideration is sometimes given to dual-carrier is the descriptions below.

7.2
Concept description

7.2.1
Basic concept

Multi-carrier GERAN means that multiple GERAN carriers on independent carrier frequencies (or MAIO:s in the frequency hopping case) are received by the same terminal. A straightforward solution would be to split the data flow of one user onto multiple carriers below RLC/MAC, reusing the current physical layer per carrier without modifications. This could be seen as a natural extension to the multi-slot principle, where a multi-slot allocation is now allowed to span across more than one carrier. This is illustrated in Figure 1.
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Figure 1: Left: Illustration of radio blocks in a 4-slot single-carrier allocation.
Right: Illustration of radio blocks in a 2*4-slot dual-carrier allocation. The two frequencies (MAIO:s in case of frequency hopping) are typically not adjacent.

A preliminary assessment is that multi-carrier is most feasible for the downlink. Whether is can be applied also to the uplink depends on MS implementation constraints which are for further study. However, even by just allowing multi-carrier reception in the downlink, it may be possible to increase the uplink data rates. For instance, the definition of higher multi-slot classes with effective sum=8 could be studied for the case of dual-carrier reception, as shown in Figure 2.
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Figure 2: Example of higher multislot classes with effective sum=8 using a second receiver for downlink reception.

7.2.2
Inter-carrier interleaving

Combined with a modified burst mapping, multi-carrier can give significant latency reductions. This is further investigated in clause 10.

7.2.3
Dual-carrier diversity

The same baseband signal is transmitted over two carrier frequencies. At the receiver, the signals on the two carriers are converted to baseband, providing two diversity branches.

7.3
Modelling assumptions and requirements

There are no special requirements for the modelling of the multi-carrier concept. The same principles as with EGPRS can be used.

7.4


Performance characterization

7.4.1
Basic concept

The peak bit rates for EGPRS for different number of carriers are shown in the table below. The increase in average bit rate is also proportional to the number of carriers.

Table 1: Maximum throughput for EGPRS (with eight timeslots per carrier) versus number of carriers.

	# of carriers
	Maximum throughput (kbps)

	1
	474

	2
	947

	4
	1894

	8
	3789


7.4.2 Inter-carrier interleaving

Inter-carrier interleaving is evaluated in clause 10.

7.4.3 Dual-carrier diversity

Editors note: This subclause will contain a performance evaluation of dual-carrier diversity.
7.5
Impacts to the mobile station

7.5.1

RF

There are different options for the implementation of the multi-carrier RF in the MS receiver. One option, suitable mainly for a small number of carriers (e.g., dual-carrier), is to have separate receiver chains for each carrier. This means that the multi-carrier terminals exploit an architecture, where the receiver branches can be tuned to different frequencies (see Figure 3). 
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Figure 3: RF architecture for dual-carrier receiver with separate receiver chains for each carrier.

Another option, mainly suitable for a larger number of carriers, is a wideband receiver. This option may have additional impacts to the network since it may be necessary to limit the carrier spacing of the multi-carrier assignment. Also, blocking requirements may be an issue.

7.5.2 Baseband

On baseband, the receiver is required to process multiple RLC/MAC blocks per time slot. This requirement may have an impact on meeting the timing requirements of baseband processing. The baseband complexity is directly proportional to the number of carriers.

The support for multi-carrier incremental redundancy may have an impact on the baseband design. In practice, it is required that the channel decoder of a multi-carrier mobile is able to store and retrieve soft decisions from a common pool of soft values.

Editors note: add text dual-carrier diversity.

7.6
Impacts to the BSS

Multi-carrier is expected to have no impact on EDGE transceivers, but the BSS needs to perform data transfer (possibly including incremental redundancy transmission), resource allocation and link control for more than one carrier. 

7.7
Impacts to the Core Network

No changes are expected to the core network except that new capabilities shall be signalled by the MS to the network.

Editors note: add text about dual-carrier diversity.
7.8
Impacts to the specifications

A common RLC/MAC layer would help minimize the impact on existing specifications and would allow enhancements of the existing mechanism for data recovery (ARQ II could be optimized over several carriers). A single TFI would be used for all carriers.

The impacted 3GPP specifications are listed in Table 2 below: 

Table 2: Impacted 3GPP specifications.

	Specification
	Description
	Comments

	43.064
	 GPRS Stage 2
	

	45.001
	 Physical layer one radio path; general description
	

	45.002
	 Multiplexing and multiple access on the radio path
	

	45.005
	 Radio transmission and reception
	 Possibly new radio requirements if wideband receivers are to be used.

	45.008
	 Radio subsystem link control
	

	44.060
	 Radio Link Control / Medium Access Control (RLC/MAC) protocol
	

	44.018
	 Radio Resource Control (RRC) protocol
	

	24.008
	 Mobile radio interface Layer 3 specification
	


7.9
Open issues

This section lists some open issues that are for further study.

· How many carriers should be the maximum in the specifications?

· Should multi-carrier GERAN be specified for both downlink and uplink or only for downlink?

· Should an MS class be defined for MS capable of receive diversity and dual-carrier GERAN, but not both at the same time?
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