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On MIMO for EGPRS
1 Introduction

In [1] a concept for Multiple Input Multiple Output (MIMO) applicable to GSM packet switched (PS) services is proposed, and a potential work item is asked to be taken in consideration. 

The sourcing companies welcome this initiative, as they believe an evolution of GERAN PS services will facilitate the rapid growth in GSM data traffic observed by several operators. To understand and exploit the full potential of MIMO it is the view of the sourcing companies that some topics must be considered further before a work item is taken into consideration. It should be noted that some of the topics addressed below are also discussed in [1].

2 Proposal
2.1 Comparison with existing technologies
2.1.1 GERAN
In [1] the MIMO technology is only proposed applicable to EGPRS. As there already exist, or has recently been investigated, technologies (EGPRS2 and PC EGPRS2) aiming at improved spectral efficiency in GERAN, as also mentioned in [1], it is the view of the sourcing companies that these technologies should not only be compared to, but also be investigated with, the MIMO concept to fully utilize potential of existing technologies in conjunction with MIMO.

In Table 1 the performance from [1] is shown for SCM-B, CCI, together with recent result from a GERAN study [3] where EGPRS2-A/B performance and PC EGPRS2-A/B performance was compared for TU3iFH, CCI. 

As can be seen, EGPRS2-A/B, PC EGPRS2-A/B and MIMO EGPRS will provide throughput and spectral efficiency gains in similar conditions. Thus, with MIMO only applicable to EGPRS there is an apparent segmentation between different features in GERAN, targeting the same improvement. It is believed that additional gains can be seen if the techniques are combined with MIMO. It is the view of the sourcing companies that not only EGPRS, but also EGPRS2 should be included in the MIMO concept.
It should further be noted that the results for EGPRS2-A and PC EGPRS2-A only include a single Rx antenna while the results for EGPRS MIMO assume Tx/Rx diversity transmission. 
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Table 1. EGPRS MIMO, EGPRS2 and PC EGPRS2 performance.

Although it is expected that there is room for further improvement of the MIMO performance, further study is needed to better understand the gains of the technique.

2.1.2 Synergies with LTE

The technique of PC EGPRS2-A has been evaluated in [3], where synergy effects with LTE have been included in the study, using FFT Radix size alignment with LTE design and using an OFDM demodulator. 

Further, with the elimination of inter-symbol-interference in the transmission, no trellis is necessary for optimal detection in PC EGPRS2 compared to EGPRS2. The demodulation complexity allows optimum or near optimum joint detection. In contrast, the high complexity of joint detection in EGPRS/EGPRS2 renders this technique unpractical. Thus, it is believed that the reduced complexity can enable the use of more advanced receivers to further improve MIMO performance.

One aspect to be considered is the orthogonality of the training sequences of the layers when applying Precoding. Also here, the concept from LTE can be re-used, eliminating the interference from the TSC symbols in the paired layer by not transmitting energy in these sub channels. This is illustrated by Table 2 using the current design for Single Block Precoded EGPRS2 (SBPCE2), DAS-5-9. It can also be noted that the current design of Padded Higher Order Modulation, Padded HOM, has shown optimal performance (in this case swapping 13 TSC symbols to payload symbols) by the use of 13 (26/2) TSC symbols for EGPRS2-B, see [3].

Table 2. SBPCE2, TSC position from [3].

	Transmission mode
	TSC position in burst

	TSC position non-MIMO
	6,13,21,28,36,44,51,59,66:75,82,90,97,105,113

	TSC position MIMO ,layer 1
	6,13,21,28,36,44,51,59,66:2:74,82,90,97,105,113

	TSC position MIMO, layer2
	6,13,21,28,36,44,51,59,67:2:75,82,90,97,105,113


With the vastly reduced computational complexity made possible by the Precoding technique, it is straightforward to extend MIMO to support MCSs with high order modulations, thus further exploit the benefit of MIMO in terms of increased spectral efficiency. It is therefore the view of the sourcing companies that the Precoding technique should also be included in the scope of the MIMO study.

2.2 Adaptive transmission

2.2.1 Link Adaptation
It is mentioned in [1] that the benefit of MIMO is dependent on the spatial correlation between the propagation channels, and that receiver performance is optimized when adaptation is made between spatial multiplexing and receive diversity. Further, adaptation is also foreseen to minimize segregation of resources on the DL due to USF transmission.

It is not addressed in [1] on how the adaptation would work. Typically in GSM, frequency hopping is applied on the assigned radio resources, where fading diversity, but also interference diversity, is achieved on a burst-by-burst level. These aspects could have negative impact on the accuracy of the adaptation, and need further consideration. 

It is the view of the sourcing companies that both the blind modulation detection performance when switching between transmission mode and also the accuracy of the adaptation possible with current / alternative link quality reporting needs to be studied, taking into account the fading/interference diversity and RTT of the GSM/EDGE Radio network.

2.2.2 Closed-loop MIMO

As with space-time coding techniques, closed-loop MIMO transmission is an area of extensive research, and has also been reduced to practice in for example LTE. In general, closed loop techniques rely on fast feedback in the radio links to further improve performance compared to open-loop MIMO. In this regard, it is believed that the round-trip-time in the radio network in GSM/EDGE does not provide sufficiently low delay to utilize many of the closed-loop techniques defined for other technologies. It is thus proposed to leave out of the study, any closed loop technique that relies on fast feedback, requiring a re-design of the physical layer for GSM/EDGE.
2.3 HW requirements
The capacity of a MIMO system is dependent on the correlation between the sub-channels of the utilized dimension, where a low correlation will facilitate a high capacity. In e.g. the spatial dimension this requirement is generally fulfilled if a sufficient spacing exists between transmit (TX) antennas as well as receive (RX) antennas. It is currently not clear what spacing is needed between BTS TX antennas and MS RX antennas to support MIMO on GSM, and if the typical spacing’s deployed on the network side and the mobile side are sufficient. Similarly, the impact of the output correlations in cross-polarized TX antennas should be studied.
2.3.1 MS

The MIMO feature for GSM/EDGE is proposed to re-use LTE enabled terminals to make use of the two receive antennas supported by these devices. Since the scope of the work is to re-use design available and driven by other RATs, it is also of interest to consider realistic implementations and how they apply to GSM/EDGE. An example is an LTE terminal with the antenna placement designed considering operation in a frequency band at higher frequencies than operated for GSM/EDGE. In MIMO operation for GSM/EDGE this would most probably have negative impact on correlation between the antenna branches.
Input from chipset vendors on realistic design is of importance, and could guide GERAN1 to a limited set of scenarios to investigate.
2.3.2 BTS

In [1] the impact to the radio network equipment from the MIMO feature is discussed. One aspect that should be highlighted in this regard is the impact on networks using baseband hopping with single-carrier BTS equipment.

In current GSM/EDGE networks there are two major network configurations for frequency hopping used: baseband hopping, and synthesizer hopping. For synthesizer hopping, the addition of a MIMO carrier requires the addition of one TRX, unless sufficient HW for MIMO is not already supported, see [1] for more detail. If using baseband hopping, especially if the BCCH is included in the hopping set, the addition of one MIMO carrier would in effect require a doubling of the TRX volume in the cell.
It is the sourcing companies’ view that the difference in HW restrictions for different network configurations does not necessarily pose an issue for the MIMO technique, but the HW requirements for different network configurations should be studied and documented.
2.4 L1 design

2.4.1 TSC design
The EGPRS/EGPRS2 training sequences have been designed to possess good autocorrelation properties.  In a MIMO concept for EGPRS/EGPRS2, it is desirable to have training sequences which also have good cross-correlation properties. One alternative proposed in [1] is to re-use the VAMOS training sequences (which can be easily mapped to binary symbols belonging to any chosen EGPRS/EGPRS2-A constellation), since these have been optimized for multi-layer transmission when both layers use GMSK modulation.

It is mentioned in [1] that MIMO enables the use of independent link adaptation of the different layers. This in effect would mean that different modulation schemes can be used in the different layers. It is the belief of the sourcing companies that the VAMOS TSC sets were not designed for good cross-modulation-correlation, and thus the orthogonality achieved by re-using the VAMOS TSCs can be questioned.
Further, the VAMOS training sequences are constrained by the fact that only binary antipodal symbols are employed. The EGPRS/EGPRS2 linear modulators allow more freedom in the choice of the training sequences. Hence, in principle, it should be possible to design training sequences that have comparable autocorrelation properties but even better cross-correlation properties than the VAMOS training sequences.  This is an important issue because training sequences with better cross-correlation properties yield improved link performance. It is the view of the sourcing companies that the optimization of training sequences for MIMO should be studied and documented.
2.5 Space-time coding

Even though space-time coding techniques can provide a more robust air interface, it is the view of the sourcing companies that any space-time coding technique that requires a re-design of the current EGPRS/EGPRS2 MCSs should be left out of the scope of the MIMO study. The reason is that this would, in all likelihood, prolong the standardization effort and unduly increase the work load of the working group. However, there are simple diversity enhancing techniques, akin to space-time coding, which are backwards compatible with the EGPRS/EGPRS2 MCSs and which have low complexity in both Tx and Rx. For example, reference [4] describes a MIMO layer shifting scheme for LTE UL that eliminates the discrepancy of channel quality among codewords. This is accomplished by shifting the set of layers for each codeword. The complexity increase in both Tx and Rx due to the introduction of such technique is negligible. The sourcing companies propose to limit the study to the inclusion of space-time coding techniques which do not require MCS re-design in the scope of the MIMO study.

2.6 MIMO Layers

From the proposal in [1] it is not clear how many layers are foreseen to be transmitted for the spatial multiplexing. Channel models that are referenced use up to 4x4 MIMO configurations. A 4 layer MIMO transmission is not seen realistic by the sourcing companies, considering the current air interface design in GSM/EDGE. The orthogonality needed between the layers, and the complexity to simultaneously demodulate all layers, exceeds what is considered currently feasible. Apart from increased complexity the effort to provide simulation results would vastly increase, and thus constitute a potential delay of any feasibility evaluation. It is thus proposed to limit the study of the concept to 2x2 MIMO systems.

2.7 Performance evaluation
2.7.1 Multi-layered interference
It is known that external interference from multiple MIMO-layers could have negative impact on performance compared to single layered (non-MIMO) interference. A similar problem is present in current GSM/EDGE networks, where substantial impact on performance can be seen, is if applying single or multiple interferer sets to the wanted signal.
It is the sourcing companies’ view that the impact to legacy services needs to be investigated by the introduction of MIMO, to estimate any negative impact on performance.

2.7.2 Channel models

Spatial and polarization dimensions are typically explored in mobile MIMO systems. In [1] the EGPRS performance given the Spatial Channel Model (SCM) found in [2] are investigated.  SCM is a rich model, providing a variety of applications, and it can be applied both to investigate spatial dimensions and polarization. It is however not clear how this model can be adapted to fit the purposes of GERAN. The needed adaptation relates both to foreseen designs for chipsets/terminals (see Section 2.4.1) and the maximum transmission rank supported by the technique (see Section 2.7). It is believed that further consideration is needed on this topic.
It should also be considered to allow for more rudimentary evaluations, re-using currently defined channel propagation and correlation models (the models are also mentioned in [1]). Although these simple models will not allow for full evaluation of the MIMO technology, it would ease the work to provide simulation results at an early stage of the work, and allow for a straight forward comparison with current understanding (e.g. TU channel performance) of GSM/EDGE performance.
3 Conclusion
The initiative to investigate the potential benefits of MIMO techniques for GSM/EDGE is welcomed by the sourcing companies.

However, it is believed that extensive work is needed to evaluate the technique, and the document attempts to identify a number of aspects that is felt require further consideration, in addition, or in complement, to what has already been identified in [1]. 
Also, some areas that will impact the scope of the work, have been identified, where proposals on how to proceed have been provided, in order to try to limit the scope of the work to a reasonable time frame.
In conclusion, it is the view of the sourcing companies that further evaluation of the MIMO technique for GSM/EDGE is best suited in a study item, using a limited scope to avoid prolonging the feasibility phase, and allow for quick standardization, given that feasibility is proven.
The input in [1], and the aspects discussed in this paper are believed to serve as a good base line for discussion on how to formulate such study item.
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