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MIMO Concept for EGPRS
1. Introduction

The rapid globalisation of the smart phone market together with the refarming of the GSM frequency bands is putting pressure on legacy EDGE networks to improve coverage and spectrum efficiency. Smart phone users are invaluable to operators because of their high contribution to the ARPU. Any churn due to incomplete ”smart phone coverage” on legacy EDGE networks should there be avoided.

To meet the demands on coverage and spectrum efficiency, MIMO for EGPRS provides an interesting prospect because it neither puts too high requirements on LTE enabled smart devices nor on legacy EDGE networks. All LTE enabled smart devices come with two receive antennas, which is a valuable radio asset that should not be left unutilised by EDGE. Similarly, legacy EDGE networks are often configured with two transmit antennas to support on-air combining or transmit diversity.
While Downlink Dual Carrier (DLDC) offers twice the throughput performance for a legacy EDGE BTS, this is at the expense of no or limited spectral efficiency gain. EGPRS2 and SPEED also offer throughput performance gains but these features may require changes to legacy EDGE BTS HW.

A rapid time to standardization is envisaged with MIMO because of the synergies with existing features such as VAMOS, DLDC and MSRD:

· Orthogonal training sequences were introduced in Rel-9;
· RLC/MAC capabilities were extended in Rel-7 to support up to 16 PDCH assignments over two carriers, and
· Test methods and performance requirements were introduced in Rel-7 to support MS receive diversity.

Nokia Siemens Networks is therefore interested in bringing the benefits of MIMO to the GERAN, starting with EGPRS.

2. Overview of 2x2 MIMO System
In a Multiple-Input-Multiple-Output (MIMO) system, multiple antennas are employed both at the transmitter and receiver, for the purpose of transporting one or more data streams on the same carrier across as many spatial paths as possible (that may be partly correlated).

The main benefit of a MIMO system is increased spectral efficiency. While in theory a 2x2 MIMO system (depicted in Figure 1) can offer twice the spectral efficiency of a conventional Single-Input-Single-Output (SISO) system, in practice it will be less than this due to the spatial correlation between the transmit antennas, the propagation paths and the receive antennas.

MIMO offers optimum performance when adapting to the channel’s spatial correlation. For example, when the correlation is sufficiently low, the throughput can be maximised by sending separate data streams to each of the transmit antennas (two spatial streams), and when the correlation is high, the throughput can benefit from transmit diversity by sending the same data stream to both antennas (single spatial stream).
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3. Concepts

3.1 Training sequences
When estimating channel taps of the four spatial propagation channels, it is advantageous to use training sequences with orthogonal properties.

Already, orthogonal training sequences were introduced in Rel-9 for VAMOS operation. These training sequences, referred to as TSC Set 2, have been optimised to give low cross-correlation when used in a pair-wise operation with the legacy training sequence set, which is referred to as TSC Set 1.

While both TSC Set 1 and TSC Set 2 are binary, TSC Set 1 has been modified for use with 8-PSK modulation by mapping each binary value to each of the constellation points on the in-phase axis.

Hence, a relatively straight-forward procedure to obtain an orthogonal set for 8‑PSK modulation would be to apply the same mapping to TSC Set 2.
3.2 RLC/MAC principle
MIMO requires the assignment to a TBF of up to 16 PDCHs (corresponding to a maximum of 8 PDCHs for each of spatial stream). Given that the same principle exists in DLDC, where up to 16 PDCHs can be assigned for a TBF on two carriers, it is expected that the RLC/MAC protocol in DLDC can largely be reused for MIMO.

MIMO can support existing multislot configurations, like in DLDC, based on the same or similar equivalent multislot class and multislot capability reduction indicator.

MIMO is likely to require channel quality measurements to be performed independently on each of the spatial streams, hence the measurement reporting can reuse the same DLDC procedure for reporting the measurements: either the measurements from both of the spatial streams, or the measurement of the spatial stream on which the poll was received, depending on the signalling capacity.
3.3 Multiplexing of legacy MSs (USF, PAN)
The multiplexing of a MIMO mobile on the same timeslot as a legacy mobile can be performed with the temporary transmission of a single stream, where both the MIMO mobile (that needs to decode the RLC data) and the legacy mobile (that needs to decode the USF or PAN field) will benefit from the TX diversity and where the MIMO mobile will benefit from the RX diversity – possibly allowing the use of a higher MCS. 
3.4 Link quality reporting and Link Adaptation
MIMO is likely to require channel quality measurements to be performed independently on each of the spatial streams so that link adaptation can be performed independently on each.
The current MEAN_BEP and CV_BEP parameters can therefore be utilised, but may need to be complemented with additional measurements e.g. to optimise the link adaptation between one and two spatial streams. 
4. Spatial Channel model
To obtain a realistic evaluation of the performance of MIMO for EGPRS, the channel model will need to consider the correlation between the propagation channels, the correlation between the TX antennas and the correlation between the RX antennas.

4.1 MSRD antenna correlation model 

In 3GPP 45.005 Annex N [1], a Single-Input-Multiple-Output (SIMO) model has been defined (depicted in Figure 2) which is based on a magnitude of complex correlation parameter ρ and an antenna gain imbalance G. To use the model in the performance evaluation, the model would need to be extended to a MIMO system and realistic spatial correlation values would need to be found for the transmit antennas and the receive antennas (two values of ρ are given in the MSRD performance requirements, but these only loosely correspond to best and worse case values). The model also assumes no spatial correlation between the channel taps.
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Figure 2. Single-Input-Multiple-Output channel model for MS Receiver Diversity.
4.2 SCM with complex path correlations 

In 3GPP TR 25.814 Annex A.1.3 [2], a spatial channel model for the purpose of link level performance evaluation of MIMO is described that captures a wide variety of spatial correlations in four scenarios (see Table 1). The antenna configuration at the BTS consists of two cross-polarized antennas with separation listed in Table 1 and ±45° inclination. At the MS, two antenna configurations are defined: one for a handset consisting of two cross-polarized co-located antennas and one for a laptop consisting of two separated cross-polarized antennas. In these two cases the polarization is horizontal and vertical. 
Table 1. Representative cases of the Spatial Channel Model ([2])

	Name
	Propagation scenario
	BS arrangement
	MS arrangement

	SCM-A
	Suburban Macro
	3-sector, 0.5λ spacing
	Handset, talk position

	SCM-B
	Urban Macro (low spread)
	6-sector, 0.5λ spacing
	Handset, data position

	SCM-C
	Urban Macro (high spread)
	3-sector, 4λ spacing
	Laptop

	SCM-D
	Urban Micro
	6-sector, 4λl spacing
	Laptop


Spatial correlation between the channel taps is provided between the sub-paths that correspond to a main path. These sub-paths are depicted in the power delay profiles in Figure 3 as three vertical circles (the Typical Urban profile is also depicted for reference).
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Figure 3. Power delay profiles for the spatial channel model scenarios in [2] (Typical Urban profile from GSM is shown as reference).
5. BTS transmitter model
[to be added later]
6. MS receiver model
6.1 Impairments

[to be added later]
6.2 MIMO receiver

The assumed MIMO receiver is the Single Carrier Frequency Domain Decision Feedback Equaliser (also known as SC-FDDFE) is depicted in Figure 4 with Frequency Domain Prefilter and Time Domain equaliser [3]. 

[image: image4.emf]
Figure 4. Single Carrier Frequency Domain Decision Feedback Equaliser (SC-FDDFE) Receiver.
The “Detect” unit can either be a “Reduced States Trellis” or a “Slicer” depending on complexity requirements. The initial assumption is to use a forward recursion max-log-MAP that has 4 states per input branch, thus 16 states in total [4]. The channel impulse response which is required to estimate Frequency Domain feedforward taps (Wl) and Time Domain feedback taps (fk) can be estimated for the propagation channels by using a Joint LS-estimator [5]. The input samples of the FFT unit can be transformed by a noise de-correlation matrix for interference cancellation, based on the noise residual matrix estimated at the input of the FFT. The complexity of noise de-correlation (i.e. interference cancellation) is similar to (or simpler than) a standard SAIC receiver. 

Frequency Domain processing is computationally simpler than corresponding Time Domain processing [3]. FFT and IFFT lengths can be chosen that are used in LTE.
7. Network impact

The main requirement of MIMO is a BTS with 2 transmit antennas and: 
· a TRX unit for the 2nd spatial stream in older single carrier BTS or,

· two transmit paths in a multi-carrier BTS. 

BTS configurations with two transmit antennas include:

· configurations that employ on-air combining for 2 or more transceivers or,
· transmit diversity schemes (including antenna hopping and delay diversity)

The TRX capacity to support the second spatial stream will already be available in case of delay diversity. Additional TRX capacity might be gained with VAMOS which can multiplex two users onto one resource.
8. MS impact
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.  For example, a typical L1 architecture of a handset is depicted in Figure 5, where the RX chains for LTE have been doubled. The second RX chain can then be made available for EDGE, especially in the common frequency bands.  The main elements are:

· A pair of receive antennas, already optimized for LTE MIMO from correlation point of view.

· Front end consists of filters and RF switches for antenna selection, but may be partly integrated into transceiver part.

· Transceiver part performs down and up-conversions as well as digital interfacing towards baseband and is capable for two RX branches.

· LTE enabled baseband processor which is expected to cope with EDGE DL MIMO.

MIMO optimised receivers may not necessarily support EDGE DLDC, if both RX chains share the same VCO.  Some chips may support also TD-SCDMA or CDMA with the same architecture. 
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Figure 5. Block diagram for L1 of typical multi-mode MS.
9. Performance evaluation
Figure 6 and Figure 7 are for MIMO with spatial multiplexing of two data streams.

They depict the expected performance at high SNR or C/I ratios.

Results in single spatial mode are expected to contribute the MIMO performance at the low SNR or C/I region (to be included when available).

Results exclude RF impairments (to be included when available).

Interference in Figure 7 was asynchronous [GMSK] modulated co-channel interferer with TU fading profile, 3 km/h, with ideal frequency hopping.
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Figure 6. Sensitivity performance of MIMO in spatial multiplexing mode.
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Figure 7. C/I performance of MIMO in spatial multiplexing mode.
10. Conclusion
In this contribution, an investigation into the feasibility of MIMO for EGPRS is described, that considers the HW impact to legacy EDGE networks, the impacts to smart devices supporting LTE and the standardization impacts.

The investigation found that performance benefits of MIMO are possible in existing EDGE network deployments without any HW changes. In devices supporting LTE, it is believed that MIMO will not increase the bill of materials considerably.
Feedback on these findings from other network vendors and mobile/chipset vendors is welcome.

Nokia Siemens Networks believes that provided acceptable performance gains are demonstrated over a sufficiently wide SNR range, a work item should be considered for the introduction of MIMO for EGPRS. 
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Figure � SEQ Figure \* ARABIC �1�. A downlink 2x2 MIMO system, depicting four spatial propagation channels.
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