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1 Introduction

In [1] a concept for Multiple Input Multiple Output (MIMO) applicable to GSM packet switched (PS) services is proposed, and a draft study item was presented at GERAN1#56 in [7].
As stated during the discussion at GERAN#54-#56, 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 there are topics not addressed in the study item scope that should be taken into consideration or be clarified. 

This document is an updated version of [12] submitted at GERAN #57, with major updates highlighted in red.

The major update between [12] and GP-130212 is the simulated performance comparison between PCE2A MIMO and EGPRS2A MIMO, where more typical RX impairments have been used
2 Proposal
2.1 Comparison with existing technologies

2.1.1 EGPRS2

In [8] the inclusion of EGPRS2 is discussed and it is proposed that:

Proposal 1: Include EGPRS2-A together with EGPRS in a first phase of the study.

Proposal 2: Exclude EGPRS2-B from the study.
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; the reduced complexity also enables the use of more advanced receivers to further improve MIMO performance. In contrast, the high complexity of joint detection in EGPRS/EGPRS2 renders this technique impractical.

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. 
In Figure 1-Figure 3 the performance of PC EGPRS2-A MIMO is compared with EGPRS2-A MIMO, in different propagations and noise/interference scenarios. A reduced complexity joint detection receiver is used for MIMO PCE2 which achieves similar computational complexity as the SIC receiver used for MIMO EGPRS2A (based on trellis metric calculation, the MIMO receiver for PCE2 is 20% less computational complex as that for EGPRS2A MIMO). 
The simulation assumptions used are listed in Table 1. The Spatial Channel Models SCM-A/B/C/D are adapted from [10] and further modified as suggested in [13]. For traditional channel models, channel correlation matrices constructed according to Annex B.2.3.1 in [11] are used, with no transmit antenna correlations.
Table 1. Simulation assumptions.
	Parameter
	Value

	MCSs
	DAS-5 - 12

	Impairments
	Typical Tx/Rx

	Backoff
	Included in sensitivity
DAS-5-7: 3.2dB

DAS-8-9: 4.7dB

DAS-10-12: 5.1dB

PC DAS-5-7: 4dB

PC DAS-8-12: 6dB

	Channel propagation
	TU, SCM-A/BC/D,

3km/h, ideal FH.

	Interference/noise
	Sensitivity, DTS-2

	Frequency band
	1800 MHz

	Channel correlations
	None, unless otherwise specified


As shown in the figures, PCE2A MIMO consistently outperforms EGPRS2A MIMO throughout the throughput envelope, in all the channels simulated, for both sensitivity and interference-limited scenarios. In sensitivity, PCE2A MIMO offers a gain over 4dB comparing with EGPRS2A MIMO at medium to high SNR region, for both uncorrelated and correlated channels simulated; in multi-interference scenario, the average gain with PCE2A MIMO is over 2.5dB comparing with EGPRS2A MIMO at medium to high C/I region. Besides, PCE2A MIMO achieves higher peak rate in practical SNR / C/I region in almost all the simulated scenarios.  
In Table 2, the average end-user throughput achievable with MIMO combined with different features is summarized, for multi-interference scenario DTS-2. The average throughput is calculated by weighting the throughput with the probability of SINR in a network using 3/9 frequency re-use, which is also used in the feasibility study for SPEED, see Annex A.1 in [3]. It can be seen that PCE2A enables the most additional gains with MIMO, which in most cases is over 30% more comparing with EGPRS2A MIMO, and over 60% more comparing with EGPRS MIMO, in terms of the average end-user throughput.  
Table 2: Increase of average end-user throughput, 

comparing with EGPRS, single antenna.

	Channel
	EGPRS+

MIMO/MSRD
	EGPRS2A+

MIMO/MSRD
	PCE2A+

MIMO/MSRD

	SCM-A
	82%
	114%
	151%

	SCM-B
	85%
	116%
	152%

	SCM-C
	83%
	116%
	155%

	SCM-D
	88%
	121%
	157%

	TU3iFH
	78%
	95%
	139%
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Figure 1: PCE2-A MIMO and EGPRS2-A MIMO performance, with ideal rank adaptation, sensitivity.
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Figure 2: PCE2-A MIMO and EGPRS2-A MIMO performance, with different channel correlations, TU3iFH, sensitivity.
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Figure 3: PCE2-A MIMO and EGPRS2-A MIMO performance, with ideal rank adaptation, DTS-2.
Considering the synergies with LTE, and the significant throughput gain seen, it is the view of the sourcing companies that the Precoding technique should also be included in the scope of the MIMO study.
Proposal 3: Include PC EGPRS2 in the study item scope for MIMO.

2.2 Adaptive transmission

2.2.1 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 MCSs for GSM/EDGE.
Proposal 4: Exclude closed loop MIMO techniques that result in modifications to the MCSs of GSM/EDGE. 
2.3 L1 design

2.3.1 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 proposal 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.

However, since mixed modulation might be used in different layers as a result of independent link adaptation it is the belief of the sourcing companies that the design of the VAMOS TSC sets might not be sufficient for MIMO, considering that they 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.
In [9] the potential performance loss by not ensuring proper TSC design was shown, and the results are also shown in Figure 4. It can be seen that in a large portion of the throughput curve, around 2 dB is lost in the worst case assumption. For the methodology used for the simulations, see [9].
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Figure 4. Impact of TSC design on EGPRS MIMO.
Concerns on the impact to the study item by including a new TSC design has been expressed in GERAN. It is the view of the sourcing companies that the prolonged discussion experienced in the MUROS study on a new TSC set can be avoided by agreeing to a framework for the TSC evaluation prior to starting the work. Examples of principles could be:
· All companies promoting a new TSC set shall evaluate all TSC proposals according to the common assumption.

· The TSC proposals shall be evaluated in a limited set of scenarios, common to all evaluations.

· TSC set selection will only be based on simulations, and not theoretical calculations.

· Designs of different TSC sets shall not be mixed.
· Given that a TSC set differs by less than X dB, a TSC set shall be randomly selected.

· …

Proposal 5: Additional benefits of re-designing the TSC sets for MIMO, compared to re-using the legacy and VAMOS TSC sets, shall be investigated within a limited and pre-defined framework.
2.4 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. 

Proposal 6: Exclude space-time coding techniques that result in modifications to the MCSs of GSM/EDGE.
3 Conclusion
The initiative to investigate the potential benefits of MIMO techniques for GSM/EDGE is welcomed by the sourcing companies.

In the present document some aspects have been identified that is proposed to either be added or clarified to the Study item scope proposed in [7].

The following proposals are encouraged for discussion in GERAN1:
Proposal 1: Include EGPRS2-A together with EGPRS in a first phase of the study.

Proposal 2: Exclude EGPRS2-B from the study.
Proposal 3: Include PC EGPRS2 in the study item scope for MIMO.

Proposal 4: Exclude closed loop MIMO techniques that result in modifications to the MCSs of GSM/EDGE. 
Proposal 5: Additional benefits of re-designing the TSC sets for MIMO, compared to re-using the legacy and VAMOS TSC sets shall be investigated within a limited and pre-defined framework.

Proposal 6: Exclude space-time coding techniques that result in modifications to the MCSs of GSM/EDGE.
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