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1 Introduction

In [1] a concept for Multiple Input Multiple Output (MIMO) transmission techniques applicable to GSM packet switched (PS) services is proposed, and a draft study item was presented at GERAN1#56 in [2]. 

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. 

Some further aspects to consider in the study, not proposed in the initial scope, were identified in [3], which has been revised in this meeting to [6].

In the present document the aspect of including EGPRS2 in a future MIMO study is discussed.

It is the view of the sourcing companies that if a MIMO study is started, EGPRS2-A should be included in the scope.

This document is an updated version of [7] submitted at GERAN#57. The major updates between [7] and GP-130132 is the use of more typical RX impairments for the performance comparisons with channel models according to TR25.814 and TS36.101 The updates are highlighted in red.
2 Background

The GERAN feature list for PS services has during several years evolved from GPRS to EDGE to the GERAN Evolution feature package, including:

· MSRD

· LATRED (RTTI + FANR)

· EGPRS2

· Downlink Dual Carrier

The evolution has increased the end-user throughput, reduced the latency, and increased the spectral efficiency.

Through the evolution,

· the backwards compatibility to already existing, “legacy”, features, and 

· the additional benefits of newly introduced features

have been ensured.

Figure 1 tries to illustrate the evolution of the PS carrier in GERAN. It can be noted that it is only GPRS that has not been included in the evolution of features for GERAN, and instead the ubiquitous support of EGPRS in the market has been used as a baseline for further evolution. 

It should be noted that separate support of the different features, and thus different evolution paths are available than what is shown in the figure, e.g. only DLDC can be supported by an EGPRS MS (without the requirement to also support EGPRS2 and MSRD).

Two different evolution paths are shown to illustrate the flexibility of the GERAN specifications. By the introduction of MIMO only for EGPRS this flexibility will become limited. 

As is indicated in the figure, only allowing the MIMO technique to be added to EGPRS, and not EGPRS2, will rather serve as an option to EGPRS2 in the specifications, than a further evolution of the GERAN specifications.


[image: image1]
Figure 1. Evolution of the GERAN PS bearer.

3 Market segmentation

With MIMO only applicable to EGPRS there is an apparent segmentation between different features in GERAN targeting the same improvement, i.e. the implementation of EGPRS+MIMO or EGPRS2 would give similar improvements in performance.

This implies not only that the specification is not evolved, compared to what is currently possible to achieve in terms of performance, but also that it might result in a market segmentation where different chipset/mobile implementations will take different evolution routes increasing the cost for operators to support the feature evolution, see also 5.2.3.

4 Performance

EGPRS (MIMO) vs. EGPRS2-A (MSRD)

As indicated in Figure 1 similar performance is expected from EGPRS2 as for EGPRS+MIMO.

The increased spectral efficiency for EGPRS2-A compared to EGPRS is due to the use of higher order modulations and turbo codes for the EGPRS2-A MCSs. The higher order modulations also achieve an increased peak throughput. Both the improved spectral efficiency and the increased peak throughput will be visible at medium to high SINR regions.

With MIMO similar improvement is expected. The MIMO technique is dependent on a sufficient SINR to separate the two (in case of 2x2 MIMO) data streams, as well as sufficient channel separation to fully utilize the gains with MIMO.

It is thus expected that EGPRS+MIMO and EGPRS2 could achieve similar performance gains over EGPRS. This is also confirmed by Figure 2 where different techniques are compared, using Spatial Channel Models SCM-A/B/C/D adapted from 3GPP TR25.814 and modified as suggested in [1].  
It is also worth mentioning that, known channel state issues with MIMO technique such as a strong line-of-sight component, spacing/correlation of antenna elements and insufficient channel rank do not exist, or are not as evident, with EGPRS2.

Figure 3 illustrates the performance impact of channel correlations on MSRD and MIMO. The channel correlation matrices are constructed according to 3GPP TS36.101 Annex B.2.3.1, using different receive antenna correlations 
[image: image2.wmf]b

 and no transmit antenna correlations. As expected, MIMO is more sensitive to a higher channel correlation, in which case around 2 dB is lost in the throughput envelope, compared to no correlation between the spatial streams. The loss for EGPRS2-A+MSRD is around 0.5 dB under the same condition.

The simulation assumptions used are listed in Table 1.
Table 1: Simulation assumptions

	Parameter
	Value

	MCSs
	DAS-5 -12, MCS-5-9

	Impairments
	Typical Tx/Rx

	Channel correlations
	None, unless otherwise specified.

	Channel propagation
	TU, SCM-A/B/C/D, 
3km/h, ideal FH

	Interference/noise
	Sensitivity, DTS-2

	Frequency band
	1800 MHz
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Figure 2: EGPRS+MIMO/MSRD and EGPRS2-A+MSRD performance.
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Figure 3: EGPRS (MIMO only) and EGPRS2-A MSRD performance, with different receiver antenna correlations, TU3iFH.

EGPRS (MIMO) vs. EGPRS2-A (MIMO)

With higher peak rates and turbo coding, EGPRS2-A is believed to bring further gains comparing with EGPRS when using spatial multiplexing. This is confirmed by Figure 4, where the performance of EGPRS MIMO and EGPRS2-A MIMO, with ideal rank adaptation, is compared in noise limited and interference limited scenarios. In both cases, EGPRS2-A outperforms EGPRS in terms of both spectral efficiency and end-user peak throughput. It shall be pointed out that with back-off take into consideration, the coverage of EGPRS and EGPRS2 will be reduced in sensitivity.
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Figure 4: EGPRS+MIMO/MSRD and EGPRS2-A+MIMO/MSRD performance.

Summary, in terms of average throughput
Table 2 summarizes the average end-user throughput achievable with different feature combinations, in a multi-interferer scenario DTS-2. The average throughput is calculated by weighting the throughput with the probability of SINR in a network with 3/9 frequency re-use, which is also used in the feasibility study for SPEED, see Annex A.1 in [8]. It can be seen that EGPRS2A MSRD and EGPRS MIMO achieves similar average end-user throughput. Besides, with EGPRS2A MIMO, the average achievable throughput is in most cases over 30% higher comparing with EGPRS MIMO.
Table 2: Increase of average end-user throughput, 
comparing with EGPRS, single antenna.
	Channel
	EGPRS+
MIMO/MSRD
	EGPRS2A+
MSRD
	EGPRS2A+
MIMO/MSRD

	SCM-A
	82%
	88%
	114%

	SCM-B
	85%
	88%
	116%

	SCM-C
	83%
	87%
	116%

	SCM-D
	88%
	88%
	121%

	TU3iFH
	78%
	80%
	95%


5 Implementation

MS

EGPRS MIMO
For a MS to implement MIMO DL a dual antenna receiver is required. 
Further, a multi-user receiver is needed. Receivers, based on successive interference cancellation might allow the re-use of many of the blocks of an EGPRS receiver, while the architecture suggested in [1] will require significant overhaul of traditional receivers. The impact of MIMO on the receiver architecture and receiver algorithms is expected to be medium to high, depending on the chosen receiver architecture.
EGPRS2

For the support of EGPRS2-A DL without MIMO the extension of the receiver lies in the modulation scheme supported, and there is no additional requirement on a dual antenna receiver. Although higher order modulations might require the use of a reduced state trellis in the demodulator, several important blocks of an available 8PSK receiver (supported by EGPRS mobiles) may be re-used. By applying suitable complexity reduction techniques, it is expected that good performance can be maintained while keeping the overall complexity of the receiver only slightly higher than the complexity of an 8PSK receiver, thus enabling the implementation of EGPRS2-A in many legacy EGPRS chipsets.
For EGPRS2-B not only the modulation order is increased but the symbol rate is also increased by 20%. The increase of the symbol rate is expected to have a more severe impact on current chipset implementations and its HW. Further, the additional gains brought by EGPRS2-B is not fully clear, looking at the current performance specification, see [4]
BS

EGPRS MIMO
A MIMO implementation at the BS side will also require dual antenna transmission. The impact on additional hardware required will also be different depending on the network configuration, with a vast increase in HW requirements expected for example in a baseband hopping network, see [3].

It should however be noted the extent on the impact on HW upgrade at the BTS for the operator depends on the current installed base where already dual antenna transmission can be supported. Further, the increased use of Multi-carrier / Multi-standard equipment diminishes the HW demands in a baseband hopping network.

EGPRS2

The support of EGPRS2-A DL at the BTS requires a support for additional linear modulations (16QAM and 32QAM in addition to 8PSK). This is however, not expected to have impact on the HW requirement for the BTS. 

EGPRS2-B however requires the support of an increased symbol rate, putting more requirements on both the analogue and digital HW in the BTS.

EGPRS/EGPRS2 + MIMO 

With the support of EGPRS and EGPRS2-A in the BTS, but with MIMO supported only for EGPRS, the additional support for EGPRS2-A with MIMO will be a simple extension. The HW requirement coming from MIMO will already be supported on site, and the BTS has already been upgraded to support the higher order modulation schemes. 
6 Conclusion
It is the view of the sourcing companies that the exclusion of EGPRS2-A in a future MIMO study item would:

· Not further evolve the PS bearer for GERAN and lead to feature segmentation in the market (and in the specification) with multiple features achieving similar performance.

· Lead to inefficient and costly support of GERAN features for operators.

If a MIMO study is started, it is proposed to:

· Include EGPRS2-A together with EGPRS in a first phase of the study.

· Exclude EGPRS2-B from the study.
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