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GERAN Downlink Performance Evolution

1. 
Introduction

After completion of standardization for SAIC as a first step of DARP, further evolution of GERAN radio interface has been proposed for further study [GP-050407, GP-050920]. Various candidate items for change have been discussed in contributions by Nokia [GP-050919] and Ericsson [GP-050977]. For most of these items, standardization changes will be necessary to enable the proposed performance enhancements, while for MS receive diversity this is different. As with the introduction of SAIC, no change in radio interface is needed, but standardization can be advantageous to specify 

· performance requirements, 

· signaling, and 

· test cases for certification

for diversity receivers. The present document focuses on MS receive diversity, which might be defined as a second step of DARP in Rel-7 with full backward compatibility as a release independent feature.

2. 
Interference performance improvements by MS receive diversity

When SAIC was introduced as a first step of DARP, the improvement was limited to GMSK modulated channels and interference limited scenarios [TR 45.903], while improvements for 8-PSK modulated channels were left for further study. 

The possibilities for improving reception of 8-PSK modulation under realistic assumptions for network operation, radio channel and MS implementation with a single receive antenna were found to be rather limited, compared to the strong capacity improvement by SAIC for GMSK modulated channels. Introduction of MS receive diversity opens doors for additional enhancements with even larger potential than provided by SAIC. 

Since BTS receive diversity is widely used for the uplink in today’s GSM/EDGE networks, it is worth taking this experience as a reference when considering MS receive diversity. BTS receive diversity was initially considered mainly based on maximum-ratio combining, which optimises the receiver performance in the AWGN case. Already in 2001, Lucent presented simulation results based on two antenna receive diversity, including receiver impairments and antenna correlation [GP-010772]. The results indicated huge performance gains both for GMSK and for 8-PSK modulated signals in interference limited cases. High antenna correlation caused some performance loss but still huge gains were observed.

The introduction of MS receive diversity has the potential to substantially increase the capacity on top of the gains already provided by SAIC. Due to the variety of network and radio channel scenarios, receiver algorithms are required which are robust against any mixture of modulation, burst types, frequency offsets and synchronous or asynchronous timing of multiple interferers in the same or adjacent channels. Fortunately, “blind” algorithms can be applied, which need not care about differentiating all these cases spanned by the multiple interferers, while providing very high C/I gain for both GMSK and 8-PSK modulated desired channels. These gains are typically far higher than the gain by SAIC for GMSK modulated channels or the gain by maximum-ratio combining of two antennas for GMSK or 8-PSK modulated channels. 

Circuit switched voice services, which are expected to be still the dominating factor for network capacity in the near future, will benefit from MS receive diversity if widely deployed in mobile phones. The extreme gain is highlighted by the following link simulation example. The simulation assumptions here are 900 MHz, TU3, ideal frequency hopping, composite interferer scenario for 1/1 reuse and 70% fractional load (according to configuration 2/3 [TR 45.903]), with an antenna correlation between the 2 receive antennas as high as 90%, and realistic receiver impairments. For example, with 2 receive antennas in the MS and an advanced receiver algorithm, AMR 7.95 vocoder data could be transmitted on the half rate TCH/AHS7.95 channel, where a conventional (non-SAIC) single antenna receiver needs the full rate TCH/AFS7.95 channel (both operating at about 6 dB C/I for 1% FER).

Packet data services will benefit from MS receive diversity by significant increase of throughput over all modulation and coding schemes.

3. 
Coverage improvements by MS receive diversity

By introducing receive diversity in the handset, also the cell coverage of the downlink can be improved by 3 - 6 dB, dependent on the channel scenario and the antenna decorrelation practically achieved in the handset. 

Traditionally, cellular coverage is considered to be uplink limited due to MS transmit power limitation. However, with the increasing importance of packet data services and the related traffic asymmetry, the downlink data throughput becomes an important aspect related to coverage. Mobile users in rural environment close to the cell edge might require high rate data services which can only be provided by 8-PSK modulation, while a low rate uplink requirement can easily be satisfied by robust GMSK modulation. In this context the introduction of MS receive diversity further enhances the sensitivity performance of the terminal and thus allows to consider high rate traffic channels such as MCS-7 to MCS-9. This clearly helps to extend coverage for downlink high rate data services even close to the cell edge.

4. 
MS implementation aspects

Introduction of MS receive diversity is a significantly more complex change to the MS than the introduction of SAIC. The MS platform impact implies a non-negligible cost adder for the MS. While this additional complexity was considered inappropriate when introducing SAIC/DARP standardization [GP-021013, TR 45.903] for terminal architectures in use today, it may reckon in the future, especially when considered in combination with changes in GERAN air interface, which are likely to also have deep MS platform impact.

5. 
Proposed way forward

In contrast to SAIC standardization [TR 45.903], a direct approach for building appropriate link simulation and conformance test scenarios can be chosen, because there seems to be no doubt about the great additional benefit of receive diversity for a next step of GERAN downlink improvement. System simulations for receive diversity need not be considered as part of the feasibility study, which therefore can prepare directly the definition of link performance requirements suitable for certification tests.

The new and challenging problems of conformance testing for MS with receive diversity should become a relevant aspect of the feasibility study from the beginning and should be considered already when defining the performance test scenarios for the core specification.

GERAN evolution will be a combination of features, which mostly require deep changes in Rel-7 standards, while MS receive diversity is a feature, which is fully compatible already with the existing radio interface. This difference in specification impact might be reflected in the feasibility study by different target settings and timelines, in order to support timely development and deployment of MS receive diversity after the deployment of SAIC. 

6.
Conclusions

In contrast to the first step of DARP, diversity receiver technology will enhance all GMSK and 8-PSK modulated channels of GSM/EDGE networks both in terms of capacity and coverage. Significantly higher data rates can be expected for the downlink. 

Much like the previous introduction of DARP, these enhancements can be introduced without any change in the radio interface definition. Thanks to this compatibility to current 3GPP GERAN standard and the enormous business relevance of existing GSM/EDGE network investments, these downlink improvements for GERAN are expected to fruitfully complement 3G systems and their evolution, in order to provide seamless services throughout GSM/EDGE/UMTS family of systems at various network deployment states.
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