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MS Receiver Diversity in multimode terminals
1 Introduction

At GERAN #54, two potential physical layer enhancements have been proposed, which may be considered for Rel-12 and beyond. The specific concepts are multicarrier downlink [1] and MIMO [2], while also a more general study item [3] has been considered in offline discussions for some time. 

By two parallel radio receiver paths, the rapid progress in smartphone hardware architectures offers opportunities for GERAN physical layer enhancements which do not even require any network changes while significantly improving the downlink performance of the individual user and consequently also improving the average network quality and capacity with increasing presence of such smartphones. 
In this contribution, the concept of such release-independent terminal enhancements is summarized and a way forward within the study [3] is proposed.
2 Discussion
Under difficult radio conditions, GSM/EDGE mobile station receive diversity (MSRD) enables very significant downlink performance enhancements for voice and data services. The technology does not require any network changes and was studied as a first candidate in the feasibility study for evolved GERAN in Release 7 [4]. 
The feature was in fact standardized in the core specification as downlink advanced receiver performance phase 2 (DARP2, see table 2q [5]) rather quickly, but could not find wide application in the terminal and chipset designs until now. While there was never any doubt regarding the benefit of the feature, cost impact of the additional analogue receiver chain was probably the main issue all the time. Also delivering several evolution stages of other 3GPP radio access technologies with higher peak rates got typically higher priorities for research and development. 
In the worldwide evolution of 3GPP networks, the GERAN mode stays absolutely relevant to deliver ubiquitous coverage for all 3GPP terminals and this can be expected to continue for most countries, or even all, though operators in many countries are quickly increasing network coverage of more advanced radio access technologies. 
· The GERAN mode for the packet switched services got in general relatively little attention, since EGPRS and GPRS are often considered as ubiquitous fallback modes with well-known and more or less accepted penalties in throughput. However, quality degradation has been observed in expanding networks so that the following aspects have been proposed for study in GERAN [6]:
1. eliminate interference or alleviate the impact of interference on GSM network quality,

2. improve the utilization of 1800 MHz frequency resources, and

3. improve data traffic channel efficiency. 
· For GERAN circuit switched services, there is high attention already for quite some time. The specification of VAMOS has been concluded in Release 9 and is expected to significantly increase the capacity of GSM voice networks in many countries. VAMOS will also facilitate refarming of GSM bands for other 3GPP radio access technologies.
LTE enabled multi-mode terminals and modem chips commonly support two antennas and receiver paths, because at least two RX antennas are required in the LTE device [2].  Both receiver chains are typically used for the same RF frequency channel, which is far wider bandwidth than a channel in GERAN, but can be used for a single GERAN channel (or multiple channels within the receiver bandwidth) if the RF requirements for MS are slightly relaxed [1]. If sufficient digital filter processing capability can be utilized in the terminal, GERAN channels in any band foreseen for common use with LTE (and supported by the multi-mode terminal) could be easily received twice with precisely the same analogue RF receiver configuration as foreseen for reception in LTE mode. On this basis, the good experience from LTE MIMO field trials in the 700 MHz band with dual antenna handset UE [7] is very promising for achieving good receive diversity and MIMO performance also in practical implementation of GSM/EDGE downlink by cost-efficient hardware reuse in modern 3GPP multi-mode terminals.
The rapid progress in terminal architectures of smartphones is a good reason for 3GPP not only to consider RAN evolution for Rel-12 and beyond, but to reconsider earlier decisions on standardization and development of GERAN features as well. For this purpose a study item has been proposed with a more general scope [3], which encompasses, among others, proposals for multicarrier downlink [1] and MIMO [2], which were already fruitfully discussed at GERAN #54. The synergy among 3GPP systems should be maximized by considering the opportunities in a single GERAN study and carefully concluding on effective standardization for future multi-mode terminals.
MSRD can be considered as a single input multiple output (SIMO) channel transmission scenario, which would be a fallback option of a future MIMO feature used either statically if the BTS does not support dual transmit antennas or dynamically in case of USF or PAN multiplexing with legacy terminals [2].
i. MSRD performance for EGPRS has been standardized as DARP2 in Release 7. However, due to limited availability of DARP2 capable MS, the DARP2 performance requirements for GMSK and 8-PSK modulated packet switched channels were not tightened as feasible based on the general progress in receiver research and development since that time, while the DARP1 performance requirements were significantly enhanced by the TIGHTER work item in Release 10 [5].
ii. For GMSK modulated speech channels, DARP2 has the same old specification status as for EGPRS.
iii. For AQPSK modulated speech channels, there is currently no specification for MSRD performance, so that only the single antenna requirements are applicable. Since the AQPSK modulated channels introduced in Release 9 require a dedicated variant of a single antenna equalizer for VAMOS level 2 performance, the current specification is unlikely to encourage terminal vendors supporting better VAMOS downlink performance, which could certainly be expected from MSRD.

To cope with these specification gaps and to quickly provide highest benefit from evolution of 3GPP smartphone architectures in any GERAN network, it is proposed to study, among other topics [3], reuse of diversity receiver paths for MSRD as a release-independent feature, which is fully compatible with the releases deployed in networks today. This should comprise simulations to assess the benefit of tightening DARP2 specification for PDTCH (i) and TCH channels (ii) and of extending DARP2 specification to AQPSK modulated channels (iii). 

Also signaling of the terminal capability for MSRD to the network should be studied in order to support adaptation of the radio resource management and network performance statistics. The DARP2 capability indication introduced in Rel-7 is already a valuable starting point. Since probably not all possible combinations of capabilities have been used in MS products, even simple combinations, e.g. joint indication of DARP2 together with TIGHTER and/or VAMOS2 could possibly be redefined in Rel-12 to include the additional requirements.
Since this specification does not require any change of the air interface, it is proposed to consider MSRD as a fully separate candidate technology, which can be considered as a prerequisite of MIMO, but not dependent on any extension of the standard as required for MIMO. Taking into account this interdependency will also facilitate to study all relevant comparisons for network gain provided by MIMO with reference to both MSRD (SIMO) and legacy MS single antenna performance (SISO). In addition to the EGPRS focus initially proposed for MIMO [2], also MIMO enhancement for VAMOS might be considered in the study. 
The MSRD candidate technology is expected to provide the following improvements.
· Regarding packet switched services, the downlink quality degradation observed in expanding networks [6] should be avoided for users of advanced smartphones by significantly improved physical layer interference mitigation performance. This should also be advantageous, but not limited to, the 1800 MHz frequency band for GERAN network capacity extension. The benefit in data throughput to the individual users of MSRD capable terminals can be expected to consequently show significant improvement of the data traffic channel efficiency in the average, when the presence of advanced smartphones increases and their applications possibly also request systematically higher data traffic than that of legacy devices. 
· Regarding circuit switched services, the downlink quality of VAMOS allocations should be significantly improved for users of advanced smartphones, well supporting their need for ubiquitous voice services at a seamless high quality level. This downlink improvement will also mitigate the performance imbalance between VAMOS downlink and uplink. When the presence of advanced smartphones increases, also significant improvement of the average network voice quality and capacity can be expected.
3 Conclusions
It is proposed to consider MSRD as a separate candidate technology in a study item dedicated to GERAN evolution for 3GPP terminals. Since MSRD has basically already been specified in Release 7 without finding wide application, there are critical specification gaps left with DARP2, VAMOS and TIGHTER specifications from today’s perspective. Revisiting these gaps in MS performance specifications should help the industry identifying cost, power and performance efficient GERAN features for smartphones in a release-independent way.

Though MSRD is closely related to the MIMO proposal, the specification and deployment tasks are far less complex because MSRD keeps the air interface unchanged. Therefore the network performance of MSRD and MIMO candidate technologies should be studied in parallel, allowing to assess the gain by MIMO network enhancements both in comparison with state-of-the-art networks serving MSRD terminals and legacy terminals.
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