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1.
Introduction

It was pointed out in [1] that in the ITU Region 2, inter-system interference between MediaFLO and UMTS FDD in the Lower 700 MHz band should be considered. According to the US spectrum allocation shown in Figure 1, MediaFLO system (downlink only) will operate in D Block, 716-722 MHz, for broadcast station transmission and mobile device reception. On the other hand, the UMTS or LTE FDD system could operate in C Block/B Block (710-716 MHz/704-710 MHz) for Base Station (BS) reception and User Equipment (UE) transmission. Since the MediaFLO station transmitter could operate in a frequency band adjacent to the UMTS/LTE BS receive band in the same geographical area and the UMT/LTE UE transmit band is next to the MediaFLO mobile receive band, there exist the following potential interference scenarios:

· Scenario A: interference from MediaFLO station transmitter to UMTS/LTE BS receiver
· Scenario B: interference from UMTS/LTE UE transmitter to MediaFLO UE receiver
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Figure 1: Lower 700 MHz band plan in US
For Scenario A, a conservative deterministic method may be used to derive the required antenna isolation from MediaDLO station to UMTS/LTE BS by considering TIA-1103 [2] MediaFLO station transmitter power/emission mask standards and TS 25.104 UMTS BS receiver characteristics. For Scenario B, simulations or analyses may be performed to investigate the impact of UMTS/LTE UE interference on the MediaFLO downlink by taking into account the TS 25.101 UMTS UE emission mask specification and TIA-1102 [3] MediaFLO mobile receiver selectivity/blocking characteristics. However, the MediaFLO operating parameters (e.g., typical cell radius, antenna configuration, etc.) are not available. Interference Scenario B needs further study. In this document, we will focus on the analysis of interference from MediaFLO station to UMTS/LTE BS (Interference Scenario A).
When a transmitter interferes with an adjacent-band receiver, the causes of interference include: 

· interfering transmitter out-of-band emissions falling into the affected receive in-band - These emissions cannot be attenuated by the affected receiver filters and could cause receiver desensitization. 
· interfering transmitter carrier power passing through the affected receiver filters - Even after the filter attenuation, the remaining carrier power could cause the affected receiver overload,  blocking or/and Inter-Modulation Products (IMP). 
This document provides inter-system interference study results for the Lower 700 MHz UMTS/LTE BS and MediaFLO station co-existence scenario. Specifically, the required antenna isolation from MediaFLO to UMTS/LTE BS is determined according to the MediaFLO station transmitter emission standard and UMTS BS receiver selectivity standard. This document is organized as follows. Section 2 addresses the analysis approach, the analysis assumptions and the derivation of MediaFLO station to UMTS/LTE BS antenna isolation requirement. Section 3 discusses interference from UMTS/LTE UE to MediaFLO UE. Section 4 presents a summary.
2.
Antenna Isolation from MediaFLO Station to UMTS/LTE BS
When a Lower 700 MHz UMTS/LTE system co-exists with a MediaFLO system in the same geographical area, potential interference from the MediaFLO station to the UMTS BS may exist. The interference could adversely impact the affected system, potentially degrading system performance, including voice quality, coverage and/or capacity. In order to avoid the affected system receiver desensitization, overload and Inter-Modulation Products (IMP), a sufficient isolation between the interfering and affected system BS antennas should be achieved.
Impact of mutual interference depends on the MediaFLO station transmitter emission mask and UMTS/LTE BS receiver selectivity characteristics, which are functions of the frequency separation between the two wireless systems. In case of BS-to-BS interference, the frequency separation affects the magnitude of the required isolation. Clearly, the larger the frequency separation, the smaller the antenna isolation required to mitigate interference. It should therefore be noted that the performance of actual BS equipment may exceed the specifications in the standards and hence the required isolation could be less than the values derived here.

The term “antenna isolation” refers to the path loss between the interfering BS transmitter Equipment Antenna Connector (EAC) and the affected BS receiver EAC. The path loss includes the propagation loss through the air and the effective antenna gains (i.e. antenna gain minus cable loss) of both stations.

In general, the required antenna isolation from an interfering BS transmitter to an affected BS receiver should be determined by considering the following four criteria:

1. Isolation used to ensure that the spurious emission power from the interfering transmitter received by the affected system is below the receiver noise floor by a margin,

2. Isolation used to ensure that the total interfering carrier power received by the affected system is below the 1 dB compression point by a margin, 

3. Isolation used to ensure that each of the 3rd order IMPs generated by the affected receiver and caused by the interfering carriers is below the receiver noise floor by a margin, and

4. Isolation used to ensure that the total interfering carrier power attenuated by the affected system receive filters is below the receiver noise floor by a margin to prevent receiver blocking.

Our experience with antenna isolation studies indicates that in most cases, the criteria 2 and 3 are not the dominant factors in determining antenna isolation requirements. In addition, the UMTS BS receiver overload performance (such as RF receive filter rejection and 1 dB compression point) cannot be derived from the TS 25.104. Therefore, the antenna isolation analysis will focus on criteria 1 and 4 in this study. 

It is conservatively assumed that the acceptable interference level at the UMTS BS receiver EAC is -113.2 dBm/3.84 MHz, which is 10 dB below the BS receiver noise floor (assuming a 5 dB receiver noise figure). The typical UMTS link budget for RF planning does not take into account external interference from other systems. If the UMTS cell layout is designed to the maximum allowable path loss dictated by the link budget, then the maximum path loss in the presence of the acceptable interference level will be reduced by only 0.4 dB. Alternatively, if the acceptable interference of -109.2 dBm/3.84 MHz (which is 6 dB below the UMTS BS receiver noise floor and causes a 1 dB noise rise) is assumed, the following antenna isolation requirements will be relaxed by 4 dB. 
2.1
Interfering Transmitter Spurious Emissions (Criterion 1)
According to the TIA-1103 [2], the MediaFLO station out-of-band emissions referenced to the EAC shall conform to regulatory requirements. For operation on 6 MHz channels in the US, the MediaFLO station out-of-band emissions shall comply with FCC Code of Federal Regulations (CFR) Title 47 Part 27.53(f) and 27.64 emission limits (i.e., 13 dBm/30 kHz at offsets less than 100 kHz from the block edge and -13 dBm/100 kHz at offsets more than 100 kHz from the block edge). Therefore, the MediaFLO station emissions falling into the UMTS BS receive band could be -13 dBm/100 kHz (or 2.8 dBm/3.84 MHz). Using Criterion 1, the required antenna isolation from MediaFLO station to UMTS BS should be 116 dB [equal to 2.8 dBm - (-113.2 dBm)]. 
2.2
Affected Receiver Blocking (Criterion 4)
According to the TIA-1103 [2], the MediaFLO station total transmit power shall conform to regulatory requirements. For operation in 698-746 MHz in the US, the MediaFLO station power shall comply with FCC CFR Title 47 Part 27.50(c) [i.e., must not exceed 50 kW ERP (or 79 dBm EIRP) and must meet antenna height versus power requirements]. Here, we consider a conservative case in which the MediaFLO station always transmits at the maximum power. It is assumed that the MediaFLO station has a 15 dBi antenna gain and a 4 dB cable loss. As a result, the MediaFLO transmit power is 68 dBm referenced to the EAC. In order to prevent UMTS BS receiver blocking, the MediaFLO station transmit power of 68 dBm should be attenuated by the UMTS receive filters to the acceptable level. It can be derived from the 3GPP TS 25.104 Adjacent Channel Selectivity (ACS) standard that the UMTS BS receiver filters shall provide an average rejection of about 46.4 dB at the adjacent UMTS carrier. Therefore, we consider that the C-Block UMTS BS receive filters can attenuate the MediaFLO station transmit power by 46.4 dB. Based on Criterion 4, the BS antenna isolation requirement from MediaFLO station to C-Block UMTS BS is about 134.8 dB [equal to 68 dBm – 46.4 dB - (-113.2 dBm)]. 

TR 25.104 receiver blocking requirements specify that with a -40 dBm interfering UMTS carrier centered at 10 MHz offset from the desired UMTS carrier, the UMTS BS receiver desensitization shall not exceed 6 dB. It can be derived from the receiver blocking requirement that the B-Block UMTS BS receiver filters attenuate the MediaFLO station transmit power by about 58.4 dB (i.e., alternate channel selectivity). Therefore, the BS antenna isolation requirement from MediaFLO station to C-Block UMTS BS is about 122.8 dB [equal to 68 dBm – 58.4 dB - (-113.2 dBm)].
In light of the aforementioned analysis results, the MediaFLO to C-Block UMTS BS antenna isolation required to meet interference mitigation criteria is about 134.8 dB and the MediaFLO to B-Block UMTS BS antenna isolation required to meet interference mitigation criteria is about 122.8 dB (dictated by Criterion 4). This isolation requirement is obtained by conservatively considering the TIA-1103 MediaFLO station transmitter power/emission standards and TS 25.104 UMTS BS receiver selectivity specification. If the actual transmit power, emission mask and antenna configuration of MediaFLO stations are provided, the antenna isolation requirement can be revised accordingly. If the Lower 700 LTE BS has the same acceptable interference level and receiver selectivity as the UMTS BS, then the above antenna isolation requirement for UMTS BS can be applied to the LTE BS.  
In the real world, the antenna separations associated with the same antenna isolation requirement could be different from site to site because different sites may have various antenna patterns, heights, downtilts, relative positions (to other system antennas), relative orientations and propagation environment. However, the 134.8 dB and 122.8 dB antenna isolation requirements could be difficult to meet only by antenna separation in the field. Here, we assume a conservative scenario where: 
· the MediaFLO BS has the same antenna pattern as 700 MHz UMTS/LTE BS
· the difference between the MediaFLO and UMTS/LTE BS antenna heights is 300 m

· the UMTS/LTE BS has a 15 dBi antenna gain and 3 dB cable loss 
· the MediaFLO BS has a 15 dBi antenna gain and 4 dB cable loss
· The free space propagation loss can be applied between the MediaFLO and UMTS/LTE BS antennas
Taking into account the above assumptions, the minimum antenna isolation (or minimum coupling loss) from MediaFLO station EAC to LTE BS EAC is at least 76 dB. 
In order for D-Block MediaFLO station and B-Block UMTS/LTE BS to co-exist with each other for compatible operation, the following schemes are recommended:

· MediaFLO BS emission level should be 43 dB more stringent than the FCC emission limit (which could be achieved by enhancing RF transmit filter rejection at a 6.5 MHz frequency separation)

· B-Block UMTS/LTE BS receiver alternate channel selectivity should be 50 dB more stringent than TS 25.104 (which could be achieved by improving B-Block UMTS/LTE BS RF receive filter rejection at a 6.5 MHz frequency separation)

· The MediaFLO station to UMTS/LTE BS antenna isolation should be 76 dB.
In order for D-Block MediaFLO station and C-Block UMTS/LTE BS to co-exist with each other for compatible operation, the following schemes are recommended:

· The guard band between MediaFLO and UMTS/LTE carrier edges should be 3 MHz.

· MediaFLO BS emission level should be 43 dB more stringent than the FCC emission limit (which could be achieved by enhancing RF transmit filter rejection at a 3 MHz frequency separation)

· C-Block UMTS/LTE BS receiver alternate channel selectivity should be 62 dB more stringent than TS 25.104 (which could be achieved by improving B-Block UMTS/LTE BS RF receive filter rejection at a 3 MHz frequency separation)
· The MediaFLO station to UMTS/LTE BS antenna isolation should be 76 dB.
Our filter feasibility study results indicate that the suggested MediaFLO transmit filter and B/C-Block UMTS/LTEBS receive filters with reasonable insertion loss and physical size can be realized.
3.
Interference from UMTS/LTE UE to MediaFLO UE

With uplink power control, UMTS/LTE UE may not always transmit the maximum power. Besides, when a MediaFLO UE is close to its serving BS, the MediaFLO UE receives strong signal power and can tolerate higher UMTS/LTE UE interference power to maintain the target signal to interference plus noise ratio. Therefore, applying the BS antenna isolation calculation method to derive the UE antenna isolation is too conservative and impractical. As long as the MediaFLO operating parameters (e.g., typical cell radius, antenna configuration, etc.) are available, a simulation or analysis model could be determined and the impact of UMTS/LTE UE to MediaFLO UE interference could be further investigated.
4.
Conclusions

In this document, we have analyzed the interference potential from a Lower 700 MHz D-Block MediaFLO transmitter into a UMTS/LTE BS receiver, and derived the BS antenna isolation requirement by conservatively considering the TIA-1103 MediaFLO station transmitter power/emission standards and TS 25.104 UMTS BS receiver selectivity specification. If the actual MediaFLO station transmit power, emission mask and antenna configuration are provided, the above antenna isolation requirement can be revised accordingly. Appropriate MediaFLO BS transmitter emission mask improvement, UMTS/LTE BS receiver selectivity enhancement and BS antenna isolation will allow D-Block MediaFLO station and B-Block UMTS/LTE BS co-existence. Appropriate guard band, MediaFLO BS transmitter emission mask improvement, UMTS/LTE BS receiver selectivity enhancement and BS antenna isolation will allow D-Block MediaFLO station and C-Block UMTS/LTE BS co-existence.
Using the BS antenna isolation calculation method to determine the UE antenna isolation is too conservative and impractical. The impact of UMTS/LTE UE to MediaFLO UE interference needs further study.
References

[1]
R4-070025, “Overview of 700 MHz bands in the US”, Cingular.
[2]
TIA-1103, “Minimum Performance Specification for Terrestrial Mobile Multimedia Multicast Forward Link Only Transmitters”.
[3]
TIA-1102, “Minimum Performance Specification for Terrestrial Mobile Multimedia Multicast Forward Link Only Devices”.


























































































