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1 Introduction

This document is intended to provide elements for the discussion about the study item on geographically separated MIMO antenna ports [1]. In particular, some field measurements featuring the reference test Scenario 3 drafted in [2] are discussed. Given the good performance achieved as compared to the more expensive co-located MIMO configuration, this should be regarded as one of the most relevant antenna ports deployments to be included in the LS response to RAN4. Moreover TM5 is proposed as additional transmission mode to be considered for this UE test scenario. 
2 Reference Test Scenario
The reference deployment scenario considered in this paper is derived from the one originally drafted in [2]: 

Scenario 3:

· Interleaved CRS deployments
· Single cell indoor deployment where CRS ports are not co-located

· TM3/4

TM5 should be also proposed as additional transmission mode to be considered for this test scenario. 

The following pre-defined co-located antenna grouping schemes, originally mentioned in [3], can be regarded as a good complexity-flexibility tradeoff. 
	Example groupings
	CRS
	DMRS
	CSI-RS

	Example 1
	(0,2), (1,3)
(suitable for interleaved indoor deployments)
	(7,8), (9,10), (11,13), (12,14)
	(15,16), (17,18), (19,20), (21,22)

	Example 2
	(0,1), (2,3)
(optimized for 2tx non interleaved deployments)
	(7,8), (9,10), (11,13), (12,14)
	(15,16), (17,18), (19,20), (21,22)


Table 1: Examples of pre-defined co-location rules [3].

LTE MIMO Spatial Multiplexing (SM) represents a challenge in terms of radio planning because of the relatively high Signal-to-Interference-plus-Noise-Ratio (SINR) required for achieving optimal performance. Rich scattering environments and low-speed UE regime are additional conditions for best MIMO SM operation. As such, it should be noticed that these requirements very well apply to in-building environments. 

However the indoor coverage level provided by macro sites is typically not sufficient to guarantee full MIMO performance because of the additional building penetration losses. As a result, In-Building Solutions (IBS), which can guarantee high coverage levels within indoor venues, should be highly recommended to enable full MIMO SM performance.   

The back side of typical “Co-located” MIMO indoor deployments, with closely spaced (e.g. fractions of wavelength) or cross-polarized antenna elements, are the related hardware and installation costs. A 2x2 MIMO IBS, for instance, would require that most of the materials had to be doubled (e.g. antennas and cabling) with respect to legacy SISO configurations, in order to accommodate the second MIMO branch at each radiating point. Even more challenging/expensive would be to deploy 4 co-located antennas in case of a 4x2 (4x4) MIMO upgrade. 
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Figure 1: Proposed UE Test Scenarios
The goal of the alternative Interleaved MIMO deployment is to find a cost-saving solution, which could have only a limited negative impact on the MIMO SM gain. In principle, this configuration could allow operators to find a good cost-performance tradeoff by properly positioning the single antenna elements. In case of a MIMO upgrade, such interleaved antenna port deployment may also facilitate the re-use of equipment in existing SISO indoor installations.
It’s quite commonly agreed in the industry that most of the gain of MIMO pre-coding may occur when applied to MU-MIMO schemes in combination with higher MIMO orders (4 co-located antennas at least) and beam-forming. However, these requirements are in contrast with typical indoor deployments for which, the limitations in terms of number of installed co-located antennas and the low channel correlation could make difficult to take advantage of pre-coding and consequently MU-MIMO schemes. 
Therefore, even larger benefits for the operators might come from the MU-MIMO mode (TM5) in combination with Interleaved MIMO deployments. In this context, the Interleaved MIMO approach could boost the benefits of MU-MIMO schemes by exploiting the spatial filtering (isolation) provided by the largely separated antenna elements. As such, the MU-MIMO pre-coding could be reduced to a simple layer-to-antenna port direct mapping. Figure 1 summarizes the above mentioned proposed UE test scenarios. 
In terms of practical RX power imbalance levels and time delays between CRS to be supported by the UE under test, the following conditions should be considered in RAN4: 
· RX power imbalance between two different CRS for enabling SU-MIMO (TM3/4) < 10~15dB
· RX power imbalance between two different CRS for enabling MU-MIMO (TM5) > 10~15dB
· Max RX power imbalance between two different CRS < 35~40dB

· TX Diversity (TM2) always available as a fallback mode

· Max arrival time delay at the UE between two different CRS < Cyclic Prefix  

3 Trial Setup
The main purpose of the trial was to fully validate the MIMO technology as enabler for data rates very close to theoretical limits. Moreover, the Interleaved MIMO approach had to be proved as valid alternative solution when the equipment and installation costs represent a major concern.
The test cases include SIMO, as baseline LTE antenna scheme, Co-located and Interleaved 2x2 MIMO configurations with TM3/4. As such, the trial covers only a portion of the deployment scenarios highlighted in Figure 1. It should be also mentioned that the results hereafter presented were obtained with LTE Release 8 commercially available equipment. 
The different test cases described in this paper were derived from an original IBS project by setting the TM at the eNB as well as by modifying the RF feeder configuration. In particular, for both TM4 and TM3, the TM2 was available as dynamic fallback transmission mode in case of less favourable channel conditions. In Figure 2 the original coverage design of the IBS is reported.
[image: image5.emf]
Figure 2: LTE MIMO IBS Coverage Design
For testing the interleaved MIMO deployment, at each radiating point one of the two antenna elements (ch1 or ch2), was disconnected.

Table 2 describes the LTE technical specifications of the trial.
[image: image6.emf]E - UTRAN  Frequency Band   3 ( 1800 MHz )   D L eARFCN  1600  ( 1845  MHz)   UL eARFCN  19600 (1750  MHz)   Carrier Bandwidth , Resource Blocks  10  MHz , 50   Physical Cell Identities  (Gr oup /ID)  57  (19/0) , 58  (19/1)   3GPP  LTE Reference Specs  Re lease 8   Maximum TX  power DL (Pout @  eNB)  2 x 20 Watts (20 Watts per antenna)   Downlink Modulation Scheme   OFDMA (QPSK, 16QAM, 64QAM)   Uplink Modulation Scheme   SC - FDMA (QPSK, 16QAM)   1 x 2 SIMO  (TM1)   2 x 2 Open Loop Adaptive MIMO ( TM3)   eNB TM  Configurations  2   x   2 Closed Loop Adaptive MIMO (TM4)   Test UE  Huawei  USB Dongle ,  Category 3   Downlink PHY Channels   PDCCH, PDSCH, PHICH, PBCH, PCFICH,   RS ,  P - SS, S - SS     Uplink PHY Channels   Uplink PHY Channels PUCCH, PUSCH, PRACH , SRS   Test UE Mobility   Stationary,  Pedestrian Speed  (3Km/h)    


Table 2: LTE Technical Specifications
Each directional MIMO panel antennas of Figure 2 is composed by 2 cross-polarized elements, fed by nearly 11dBm power each. The floor is covered by 2 LTE MIMO sectors with RF feeders from west and east cable risers, respectively. The 2x2 MIMO scheme is supported paralleling two SISO IBS. Table 3 summarizes the main features of the IBS setup.
[image: image7.emf]Remote Units  ION - B TM   TFAM91/18/21P - 14   Master Units  ION - B TM   TFLN2504/4   Point of Interface  ION - B TM   TPOI91/18/21   Antenna  Type, Gain  Dual port cross - polarized panel , 5dBi   RU s  in  Western Sector  4 Remote Units   RU s  in Eastern  Sector  2 Remot e Units   Input Antenna Power  11dBm   Inter - Antenna Distance  20 meters    


Table 3: IBS Setup
The data speed tests were carried out with only a single user attached to the network in order to exclude the influence on the MIMO performance of any variation of the cell traffic load. That also ensured that the eNB allocated all the available frequency resources to it. Moreover a sufficient back-haul capacity on the S1 interface of the eNB towards the core network was guaranteed and a dedicated FTP server was exploited as user application layer. 

The eastern eNB sector had been locked down during all the other test cases in order to avoid the measurements being affected by co-channel interference coming from the 2nd sector. Other sources of interference could be excluded thanks to the absence of macro sites operating on the same channel. As such, these could be assumed the ideal operating conditions for a LTE MIMO IBS.  

4 Trial Results
Taking SIMO test case as performance benchmark, some synthetic results for the other test cases are listed below:  
· Co-located MIMO TM4: Avg. date rate increase = 82%
· Co-located MIMO TM3: Avg. date rate increase = 88%
· Interleaved MIMO TM4/3: Avg. date rate increase = 60%
As it can be noticed, the TM3 results were slightly better than those achieved with TM4. This outcome proves that the benefits of MIMO pre-coding cannot be fully exploited in low channel correlation environments like indoors. 
During the measurements of the Interleaved MIMO test case, it was verified that for very high power imbalance between the received signals of the different MIMO branches, the eNB-UE link was properly switched to TX Diversity mode and providing a full single stream data rate. 
In summary, by comparing the achieved average data rate increase of co-located versus interleaved MIMO configuration, it might be questionable whether such limited performance increase is worth the significant higher cost of the co-located antennas installation.

5 Conclusions

Given a sufficient coverage level provided by an IBS, the SU-MIMO scheme can exploit the rich scattering featuring in-building environments and boost the data rates well above the limits of typical single stream schemes. If UE can support such alternative deployment, Interleaved MIMO has been also proved to be a valid solution, which allows mobile operators to find a good trade-off between cost and performance. 

Proposal: The UE test Scenario 3 defined in [2] should be considered.  
Proposal: The examples of pre-defined co-location rules defined in Table 1 [3] should be considered 

Proposal: The following conditions should be considered for UE test Scenario 3: 

· RX power imbalance between two different CRS for enabling SU-MIMO (TM3/4) < 10~15dB

· RX power imbalance between two different CRS for enabling MU-MIMO (TM5) > 10~15dB

· Max RX power imbalance between two different CRS < 35~40dB

· TX Diversity (TM2) always available as a fallback mode

· Max arrival time delay at the UE between two different CRS < Cyclic Prefix   
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