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Discussion of HOT for GERAN Evolution

Introduction

The GERAN Evolution Feasibility Study, TR 45.912, began in April 2005
 as a framework for defining technical enhancements to GERAN for Release 7.

The Higher Order Modulation and Turbo Coding (HOT) enhancement has been proposed for the downlink, and has been extensively investigated and reported in the feasibility study document
. This paper recalls a number of different aspects relating to introduction of HOT for the downlink, and the advantages that this will bring to the GERAN standard.

Increased Throughput

The HOT proposal will allow 1.7x of the peak data rate as compared with EGPRS. Using a configuration of 5 Rx timeslots, a throughput of more than the overall EGPRS peak data rate over one carrier can be achieved using a Type I mobile with a single carrier.

Spectral Efficiency Gains

Network simulations of the HOT proposal have been shown to achieve spectral efficiency gains of 50% when using 16QAM modulation and Turbo coding. The gain is achieved roughly equally from the 16QAM and the Turbo code respectively, and was seen to be approximately additive. The proposal has recently been expanded to include 32QAM modulation, which shows further improved link performance as compared to 16QAM. This will translate into further spectral efficiency gains. 

Efficient Upgrade to MS

The HOT proposal provides a very cost efficient route to achieve the peak data rate and spectral efficiency goals. Implemented as hardware solution, the extra components should not exceed 1mm2, and if implemented in a dual mode GERAN/RAN mobile station, the additional area would be further reduced by re-using the RAN Turbo decoder.

The alternative downlink enhancements both require 2 full RF paths. The Dual Carrier (DCDL) enhancement can double peak rate, although no spectral efficiency gain can be achieved with such solution. The Rx Diversity enhancement improves spectral efficiency by around 50%, as does HOT, but has no impact on peak throughput. There are also implications on talk time by using 2 RF paths simultaneously, as well of course the additional cost of introducing a second RF path into the handset, and the associated handset design issues.

It is noted that HOT is therefore an enabler for significant gains in the low-cost segment. Further, for more advanced handsets, HOT will bring further gains to those of DCDL and MSRD, as discussed in the following sections.

HOT and MSRD

The HOT proposal is also attractive in that it could be also used simultaneously in conjunction with other Downlink enhancements to achieve further gains.

A combination of HOT with MSRD gives a 1.7x peak throughput increase (more than the overall EGPRS peak data rate achievable over one carrier with just 5 Rx slots), whilst simultaneously achieving a spectral efficiency gain of 100%!

HOT and DCDL

A combination of HOT with DCDL gives a 3.3x peak throughput increase, whilst simultaneously achieving a 50% spectral efficiency gain.

It is noted that for DCDL alone to achieve 2x peak throughput gain, the number of timeslots needs to be doubled, e.g., increased from 5 to 10 (5 on each carrier). With a combination of DCDL and HOT, the number of allocated timeslots needs to only increase from e.g. 5 to 6 (3 on each carrier) to get a 2x peak throughput gain. So, using DCDL alone to double the peak throughput requires an extra 67% BTS and HW and radio resources, compared to using a combination of DCDL and HOT
. 

Concurrency of Work Items

As has been discussed and agreed in previous GERAN meetings, it is vital that Work Items progress in parallel to align the standardization between the different paths. The HOT Work Item proposal has very substantial industry backing to be included in Release 7. 

As such we believe that it should be agreed as a Work Item at GERAN#32, such that it can be standardized to properly inter-work with other technical enhancements for Release 7.

Conclusion

This contribution has summarized the technical benefits from the introduction of HOT into GERAN Release 7.

In view of the wide industry support for the HOT Work Item proposal, and the importance of concurrent development of standardization with other technical enhancements, it is proposed that the HOT Work Item proposal be agreed without further delay, otherwise potentially jeopardizing the harmonization of the other already agreed features with this DL enhancement. 

� “Future GERAN Evolution Work Item”, GP-051052, 3GPP TSG-GERAN #24, April 2005


� “3GPP TR 45.912 v7.0.0 TSG GERAN; Feasibility Study for evolved GERAN (Release 7), (2006-09).


� In the example, EGPRS uses 5 TS. DCDL+HOT requires 6 TS while DCDL requires 10 TS to double the peak throughput, i.e., 67% more.
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