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pCR 45.871 Downlink MIMO – Compatibility Analysis
INTRODUCTION

As part of the study item on downlink MIMO, opened at GERAN#57 [1], the defined compatibility objectives need to be studied and shown to be met. To this purpose a compatibility study was carried out. This contribution provides a summary of the simulation study on coexistence with legacy services based on [2] and a description of the impact to network and mobile station based on earlier contributions in [3] and [4]. The paper is written as a direct input to section 9 of the Draft TR on MIMO for Downlink [5].
CONCLUSION

This document provides the compatibility study for DL MIMO according to the defined compatibility objectives. We propose to include the content into the Draft TR on MIMO for Downlink [5].
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Compatibility Analysis

This section depicts the compatibility study for DL MIMO according to the defined compatibility objectives. Both coexistence of MIMO users with legacy GSM/EDGE users and impact to network elements such as base station and mobile station are analysed.
9.1
Coexistence with Legacy Services
This section investigates the impact from MIMO for Downlink channels to speech and data performance for legacy users while priority is given to avoid negative impact to legacy speech service. The impact of the new interference type on legacy channels is investigated by link level simulation. 

9.1.1 Simulation Assumptions

The impact from the 2x2 DL MIMO interference type is compared in terms of FER or BLER performance, respectively, against the reference case where the wanted signal experiences the legacy interference. Table 9.1.1.1 shows the simulation scenarios and parameters. 
Table 9.1.1.1: Simulation Assumptions
	Parameter
	Value

	Frequency bands
	1800 MHz

	Propagation conditions
	TU 1.5 km/hr ideal Frequency Hopping

	BTS/MS RF impairments
	Typical Tx/Rx (see Table 7.2.1.1.3 and Table 7.2.1.1.4)

	Intererence types
	Single Co-channel and DTS-2

	Modulation types for legacy interference
	8PSK

	Modulation types for DL MIMO interference
	Dual stream 8PSK+8PSK

	
	Dual stream 16QAM+16QAM

	
	Dual stream 16QAM+8PSK

	Logical channels for the wanted signal
	Speech: TCH/AFS12.2

Data: EGPRS PDTCH MCS-1, MCS-4, MCS-5, MCS-7 and MCS-9

EGPRS2-A DAS-9

	Receiver type
	Single receiving antenna

SAIC processing for GMSK speech

Time domain MMSE+DFE receiver for 8PSK and 16QAM


An attenuation of 3dB is applied to each of the interference signals transmitted in dual stream MIMO mode in order to make the total power equivalent to a legacy interference signal.

9.1.2 Simulation Results

The first set of simulation results evaluates the impact of 2x2 MIMO interference in a single co-channel interference scenario and the second set in a DTS-2 type interference scenario. Figure 9.1.2.1 provides the simulation results for the CCI case and Figure 9.1.2.2 for the DTS-2 case.
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Figure 9.1.2.1 Impact of 2x2 DL MIMO Interference in Single Co-Channel Interference Scenario
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Figure 9.1.2.2 Impact of 2x2 DL MIMO Interference in DTS-2 Interference Scenario
9.1.3 Evaluation Summary

Table 9.1.3.1 summarises the gain/loss at 1% FER for speech service and 10% BLER for data service.
Table 9.1.3.1 Simulation Results Summary
	Logical Channel Type
	Degradation in dB at 1% FER or 

10% BLER in case of CCI
	Degradation in dB at 1% FER or 
10% BLER in case of DTS-2

	TCH/AFS12.2
	0.6
	0.1 to 0.2

	MCS-1
	0 to 0.3
	0.2 to 0.5

	MCS-4
	0
	0 to 0.2

	MCS-5
	0.4 to 0.6
	0.3 to 0.6

	MCS-7
	0.2 to 0.3
	0.1 to 0.3

	MCS-9
	0.1 to 0.5
	0

	DAS-9
	0.2 to 0.3
	0.3 to 0.4


It is observed from the simulation results above that the performance of legacy speech and data channels can be degraded by about 0.4 dB on average when exposed to 2x2 DL MIMO interference. However, in a practical network, the likelihood of experiencing only MIMO interference is very low. It is expected that the legacy speech channels will experience a mixture of MIMO and non-MIMO type interferences and hence the overall negative impact is expected to be rather limited.

9.2  
Impacts to Network and Mobile Station

This section depicts the hardware and network planning impacts due to the introduction of MIMO for Downlink to the base station and mobile station, assuming that the mobile station already supports diversity antenna reception.

9.2.1 
Impact to Network

The HW impact to the network for operating MIMO for Downlink is limited to the BTS. Mode and link adaptation procedures do not require faster signaling methods than depicted in the specifications. Hence, no impact on Abis interface is seen due to signaling of mode and link adaptation commands.

The minimum requirement for the BTS is the provision of two transmit antennas and of two transmit carrier units to carry both spatial streams. For single carrier BTS equipment an additional TRX unit is thus needed, whilst for multicarrier BTS equipment two transmit paths are required to serve this purpose. 

BTS configurations in current GSM/EDGE networks employing two transmit antennas include:

· configurations that employ air combining for 2 or more transceivers or,

· transmit diversity schemes including antenna hopping and delay diversity

In both of the BTS configurations, the TRX capacity to support the second spatial stream will already be available. In addition, TRX capacity can be freed with VAMOS multiplexing of two speech users onto one resource.
Due to these requirements MIMO for Downlink will not be supported on pico BTS or Local Area multicarrier BTS, generally equipped with a single transmit antenna.

In order to achieve a significant increase in data rate, MIMO subchannels require sufficient decorrelation, which can be achieved by sufficient spacing of transmit antenas in case of vertical polarized antennas or by use of cross-polarized antennas. The constraints here are similar as for the usage of TX antenna hopping or TX delay diversity, thus no impact is expected in case the BTS supports either of them. 

In addition, the network planning impact, especially for networks using single carrier BTS equipment needs to be taken into consideration.

It is beneficial to use MIMO for Downlink in networks supporting frequency hopping. In current GSM/EDGE networks, two major network configurations for frequency hopping are used. 

· RF synthesizer hopping: the addition of a MIMO carrier requires the addition of one TRX, unless sufficient HW for MIMO is already supported. 

· Baseband hopping: especially if the BCCH is included in the hopping set, the addition of one MIMO carrier in effect requires a doubling of the TRX volume in the cell.

Hence, depending on the network configuration, there is a different impact to network planning due to the introduction of MIMO for Downlink. 

9.2.2 
Impact to MS

The underlying assumption for this feasibility study is that the mobile station supports diversity antenna reception.

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. In fact, 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 [9-1].  An exemplary L1 architecture of a handset is depicted in Figure 9.2.2.1, 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 filter selection, but may be partly integrated into transceiver part. 

· Related to filter selection, support of a narrowband channel filter with 180 kHz bandwidth in both receive paths is required to meet receiver blocking requirements. In case a single narrowband channel filter, the receiver has to account for provision of a fall back to single antenna branch reception with subsequent narrow band filtering as foreseen for Downlink Multicarrier in the specifications. 

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

· Power amplifier.

MIMO optimised receivers may not necessarily support Downlink Dual Carrier operation 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 9.2.2.1: Block diagram for L1 of a multi-mode MS. Note that the baseband processing operations might be partitioned between LTE, HSPA and GSM/EDGE to optimise power consumption.

As for the transmit side, the capacity of a MIMO system is dependent on the correlation between the sub-channels, where a low correlation will facilitate a high capacity. For instance, for achieving sufficient spatial diversity, this requirement is generally fulfilled if a sufficient spacing exists between the two receive (RX) antennas. In recent spectrum refarming scenarios, LTE networks are also deployed in band 8 (LTE 900) and band 3 (LTE 1800), which suggests that sufficient performance for LTE receivers in those bands is available, which can be re-used for Downlink MIMO operation in GSM/EDGE networks. The same applies for polarization diversity based receivers.

Due to the higher level of decorrelation between MS receive antennas in DCS 1800 or PCS 1900 compared to GSM 900 due to lower required spacings or antenna sizes, it is expected that the high bands (DCS 1800 and PCS 1900) are preferred bands for Downlink MIMO operation. 
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