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On MIMO Study Item scope
1. Introduction

In [1], a number of topics relating to the proposed concept MIMO for EGPRS ([2], [4]) are discussed for the purpose of defining a study item with “limited scope to avoid prolonging the feasibility phase, and allow for quick standardization, given that feasibility is proven”.

We welcome this input and completely support the principle. In our opinion, MIMO is a relatively mature technique that has been employed not only by other technologies, but also within our own technology namely VAMOS to support multiple voice users in the uplink. With this we believe it is appropriate to investigate MIMO within a study item only within a confined scope. In general, we believe the resources of GERAN would be more efficiently utilised if they were focussed on individual study items with limited scope than from within an umbrella study item and a wide scope.

Our preference would be to confine the study only to issues for which unsatisfactory solutions currently exist. Within this context, the topics raised in an update of [1] for GERAN #56 ([7], [8]) are further addressed in this contribution.
2. Proposals

2.1 Comparison with existing technologies
2.1.1 EGPRS2

We do not support the inclusion of techniques within a study item that are themselves not yet mature. Whilst EGPRS2-B is incompletely specified, EGPRS2-A is finalized in the specifications, but not available in state-of-the-art terminals, neither deployed in the field, although the feature including conformance testing was completed in GERAN early 2011. Instead we believe a pre-requisite should be that MIMO is investigated for features that are in a mature state in regard to both standardization and deployment in current networks and terminals. 

On the inclusion of EGPRS2 in the scope of the study, we would like to refer to our recent investigation on MIMO on EGPRS2-A in [4], where it is evident that the increased throughput from EGPRS2-A MIMO can be achieved only at a very high SINR. We would also like to take note of Figure 3 in [6] where a performance comparison was presented between MIMO for EGPRS and MIMO for EGPRS2-A. However appropriate back-off values were not included in that figure. With an appropriate back-off, i.e. 2 dB for 8PSK and 4 dB for QAM modulation, and further 3dB for both modulations due to the use of dual-antenna transmission in MIMO, the modified figure will look as the one depicted below (Figure 1). It should be noted that same back-off values were also used in the simulation results shown in [4].
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Figure 1 Comparison of EGPRS for MIMO and EGPRS2-A for MIMO (Modified from Figure 3 in GP-121030 by including back-off)
From Figure 1 it is also clear that the throughput of MIMO for EGPRS2-A can exceed that of MIMO for EGPRS only at very high signal to noise ratio. This switchover point is similar to the level that was found in [4]. Therefore, given the increased complexity of including higher order modulations into MIMO, with no clear benefit in realistic SINR range, we propose that the MIMO study item shall include only EGPRS for the purpose of a fast completion.
Therefore, we do not support proposal 1 and 2 in [8], but we support a modified proposal where EGPRS only is included.

2.1.2 Market fragmentation

With regard to the argumentation in [7] the sourcing companies’ view is that with MIMO applicable to EGPRS there is an apparent convergence on enhancements in GERAN, because according to our evaluations MIMO with EGPRS would give more robust performance gains than MIMO with EGPRS2 and it would exploit the diversity antenna of handsets together with MSRD providing maximal benefits with lesser network investments. Hence the specification is evolved towards higher performance, compared to what is currently possible to be achieved. Market fragmentation will be avoided if different chipset/mobile implementations take the same route in the feature evolution decreasing operators’ costs.
2.1.3 Synergies with LTE and PC-EGPRS2

We appreciate inclusion of any technique that further enhances the synergy effects with LTE. However, no decision has yet been made to standardize PC-EGPRS2. No work item has been opened so far and there is no evidence that handset vendors are showing a great interest in implementing the PC-EGPRS2 feature or in contributing to specification work. Hence, it is our view not to include PC-EGPRS2 in the scope of the MIMO study at this stage.

Therefore, we do not support proposal 3 in [8].

2.2 Adaptive transmission
2.2.1 Closed–loop MIMO

We support the view that the changes required to support a fast feedback channel would not justify any potential benefits from a closed-loop MIMO.

Therefore, we support proposal 4 in [8].

2.3 L1 Design
2.3.1 TSC design 

While non-binary modulation schemes may offer more degrees of freedom to minimise cross-correlation between training sequences they also make the optimization task more complicated.  The advantage with using anti-podal mappings based on the VAMOS TSC Set 1 and Set 2 is they already possess good cross-correlation properties. Hence we propose to consider these training sequences as working assumption unless a better proposal is available from any contributing companies.
We too acknowledge that the TSC sets were not designed for good cross-modulation-correlation and to maintain the good correlation properties we propose to restrict the modulation selection so that different modulations can not be used simultaneously on both spatial streams. In all our link level simulations we observe a very similar link quality (BER and BLER) in both streams when we use the same modulations on them. Therefore, it is very unlikely that we would achieve a better overall throughput by using different modulations in different layers. Blind modulation detection will also be simple and more accurate if the same modulation is applied to both streams.
Therefore, we propose to rephrase the proposal 5 in [8] to “Antipodal VAMOS TSC sets shall be used as working assumption unless companies can provide TSC sets that perform better than VAMOS TSC sets. Companies promoting a new TSC set shall evaluate all TSC proposals according to common assumptions.
2.4 Space-time coding 

We support the proposal to keep the MCS designs untouched. We further believe there are at least two disadvantages with the use of STC, even if they can be used to maximise spatial diversity. The first is they would prevent reliable detection of the USF or PAN by a legacy MS in case diversity mode is used to signal them and the second is the potential loss in SAIC system performance when STCs are used in conjunction with GMSK modulation. Hence we propose to exclude STCs from any study item.
Therefore, we support proposal 6 in [8].

2.5 Performance Evaluation

2.5.1 Channel models 

Modifications to the Spatial Channel Model in [3] have been applied in [2] and [4] so that it conforms to a 2x2 configuration (one cross-polarized antenna at the BTS and one double-polarized antenna at the MS). The model has also been adapted to the GSM Typical Urban delay profile by re-using the correlation matrix of the closest SCM scenario. The model is valid for the 1800 band but it is FFS if it can also be used (or if it can be adapted) for operation in the 900 band.
Therefore, we support proposal 7 in [8].

3. Conclusion

While we support a number of the proposals submitted in [8], we do not support proposals 1, 2, 3 and 5 in their current form. We have suggested modifications of these proposals in this document and we have provided justification for these modifications. 
· We propose to limit the MIMO study to EGPRS given the expected high performance gain over EGPRS and the expected limited added complexity in the terminals and the network as depicted in section 2.1. This is considered opposite with EGPRS2, since the gains in real network deployments for MIMO with EGPRS2-A over MIMO with EGPRS are considered minor and since the added modulations and modulation coding schemes will translate into complexity increase for terminals and also for infrastructure.  The sourcing company believes that this and further features like PC-EGPRS2 should be included in a subsequent study item that would also take into account experience gained in the currently envisaged study item. 

· We propose a rephrasing of proposal 5 on the redesign of TSC’s used for MIMO as depicted in section 2.3.1. 
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