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1. Introduction

The regulatory requirements for operation of systems in the 450 MHz and adjacent bands have been summarized in [1] and [2].  These regulatory requirements indicate the maximum transmission power or EIRP, bandwidth, and frequency assignment of systems operating in adjacent frequencies to the proposed LTE 450 band in Brazil.  In this contribution, we assess the UE coexistence with services operating in the adjacent bands.
2. Discussion

To evaluate the coexistence requirements for UE's operating in the proposed LTE 450 MHz band, we consider the impact of adjacent systems to receiver performance and transmitter performance.  For the receiver, we consider transmitters in adjacent bands whose power may cause receiver blocking and whose out-of-band emissions may fall into the receive band increasing the noise floor.  For the transmitter, we consider the out-of-band emissions generated which may fall in-band into the adjacent band's receiver.  One method to evaluate these conditions is to observe the regulatory requirements for systems operating in adjacent bands.  The regulatory requirements provide a worst-case bound on the adjacent systems transmitter power, out-of-band emissions, as well as provide limits on the allowable transmission power and out-of-band emissions from the device operating in the 450 MHz band.  This method is useful for worst case analysis when studied in conjunction with a deterministic approach on minimum coupling loss between aggressor and transmitter.  However, such a method is often overly pessimistic with respect to actual operation.
In this case, we take a glance at the coexistence requirement implied by such a method.  The regulatory requirements of greatest consequence are those for the system operating immediately adjacent to the proposed LTE 450 band.  For this case, the UE filter is not able to provide any attenuation.  As summarized in [1] and [2] the regulations in Brazil allow a broadcast auxiliary service (SARC) to operate in sub-bands 450 - 451 MHz and 460 - 461 MHz, immediately adjacent to the 451 - 458 MHz / 461 - 468 MHz band authorized for mobile broadband.  There is no guardband and since the duplex direction is not specified, either of the sub-bands can be transmit or receive.  
UE interference and coexistence with nearby TV systems and their repeaters is FFS.

Transmitter

In the case that the lower sub-band at 450 - 451 MHz is used for receive by portable or mobile devices, there is potential interference from UE's transmitting in the LTE 450 band.  We note, however, that there is no regulatory requirement specified for out-of-band transmissions from the LTE 450 band.  Therefore, as a working assumption, we propose that the standard 3GPP requirements on UE emissions (ACLR and general SEM) are sufficient for the UE operating in the LTE 450 band.  We further propose that power class 3 is appropriate for such a UE.
Proposal 1:  The LTE 450 UE should be a power class 3 device with 23 dBm maximum output power.  The tolerance is [+2]/[-2] pending investigation of the UE PA and duplexer.

Proposal 2:  The conventional 3GPP requirements on UE emissions (ACLR, general SEM, and spurious emissions) are suitable for the UE operating in the LTE 450 band.  No additional requirements are imposed to offer protection to services operating in adjacent or nearby spectrum.
Receiver

The UE receive side is potentially more challenging.  In the case that there is SARC operation in the upper sub-band at 460 - 461 MHz with portable or mobile device transmission, the impact to the UE receiver at 460 - 461 MHz must be considered.  We first consider the out-of-band emissions from the SARC mobile station transmitter.  The regulations indicate that the level of harmonics and spurious emissions must be attenuated by at least 60 dB compared to the fundamental.  The maximum output power of the mobile SARC transmitter is no higher than 20 watts as limited by the regulations.  Conducting the MCL analysis with this upper bound, the emissions due to the ACLR from the SARC mobile station can greatly increase the noise floor of the UE receiver operating in the LTE 450 MHz band depending on the physical separation between devices.  For example, at a physical separation of 100 meters, the noise rise in the receiver in the adjacent channel can still be as high as 14.5 dB assuming free space path loss.  

However, since the bandwidth of the SARC transmission signal is narrow (25 kHz), it can be expected that the emissions will decay quickly as the frequency separation is increased.  That is, if the LTE channel is shifted to provide offset to the SARC transmit channel, the impact due to emissions falling in-band can be reduced.  The amount of offset needed for a given MCL and in-band noise rise requires further study and understanding of the emission characteristics of the SARC transmitter beyond that which is available in the regulations.  This would require a non-trivial study of emission characteristics for these systems.  Furthermore, increasing the frequency separation by shifting the location of the LTE450 channel may have other detrimental impacts, such as self-desense, which may make this possibility undesirable from a deployment perspective.
The other aspect to consider is the UE receiver blocking.  The 3GPP ACS and in-band blocking specifications provide guidance to the minimum guaranteed performance from the UE.  For both of these specifications, a certain degradation to reference sensitivity is allowed in the presence of a jammer; for example, 14 dB reference sensitivity degradation is allowed for ACS case 1 and 6 dB degradation is allowed for in-band blocking.  Even with the allowed degradation, the MCL is required to be very large to comply with standard UE receiver blocking requirements.  The dominant interference cases appear to be ACS case 1 and in-band blocking.  For example, at a physical separation of 100 meters, an additional 28 to 33 dB of coupling loss is required to meet the minimum performance requirement.  For these cases, further frequency separation between the SARC transmitter and the LTE 450 UE receiver may not be as beneficial since the range of available frequency separation is limited by the 7 MHz passband and further limited by the objective to place a 5 MHz channel in the band.  Thus, receiver blocking may be the dominant factor even if the ACLR noise from the SARC transmitter can be mitigated by frequency separation.  
In addition to the blocking effect of the SARC transmitter located at 460 - 461 MHz, there is an impact due to intermodulation between the LTE 450 transmission and this jammer in the duplex gap.  The 3rd order intermodulation term between the two is likely to fall within the receive band and desense the receiver.  Note that the power levels which may be possibly observed here are much higher than those specified for the intermodulation requirement in the UE specification.
From the above discussion, it is apparent that a conventional worst-case deterministic analysis leads to results which are not able to be met by the UE and are therefore of limited value.  An alternative approach could be to consider a statistical analysis where the characteristics of the aggressor and victim systems are taken into account.  For example, the SARC system is predominantly used for electronic news gathering (ENG) type services where it is expected that the setup and usage of the system in any particular area is temporary.  Furthermore, the ENG mobile transmitters are generally mounted on vans with a telescoping antenna aimed to a distant receiver and may not necessarily be transmitting at the maximum power allowed by the regulations.  Thus, the probability of interference is greatly reduced since the events occur infrequently on a temporary basis in a localized area, the antenna is mounted on a tall mast, and the pattern is highly directional.  Furthermore, in the case that there is severe interference, the network may be able handoff the UE to another frequency band if it is available, or may simply be able to accept the risk of outage to a subset of UE's in adverse radio conditions.  If such considerations were to be taken into account, it is easy to see that the overall impact to the LTE network is much less severe than the deterministic worst-case analysis might suggest.  The challenge in conducting such a statistical analysis, however, is to ability to gather the appropriate information regarding the operational parameters to construct a network simulation.  In any event, it is expected that the receiver noise rise, intermod, and blocking challenges cannot be resolved by adjusting the receiver specifications, but rather by network deployment, handoff when available, and/or by accepting the risk of temporary outage for a subset of UE's subjected to strong interference.
Proposal 3:  3GPP UE receiver specifications will not be adjusted to specifically address the receiver coexistence with services in adjacent bands (SARC, SLP/SLE, SLMP).  The general UE receiver specifications (ACS, in-band blocking) will apply.
3. Conclusion
In this contribution, we have briefly considered the implication of UE coexistence with an SARC system operating in the adjacent frequency band.  Reviewing the regulations governing the operation of these systems, on the transmitter side, it was found that there are no regulatory limits on emissions from the UE operating in the LTE 450 band beyond the general requirements defined in the 3GPP specifications.  On the receive side, it was found that the worst-case analysis based solely on the regulatory limits rather than on actual characteristics of the systems deployed yields results which are not meaningful for the UE.  Instead, it is estimated that a statistical analysis based on a more realistic model of the aggressor and victim network will lead to less pessimistic results.  It is expected that the operator will address these issues by network deployment, frequency handoff, and/or by accepting the risk of temporary outage for some UE's.  Therefore, it is proposed that additional receiver requirements are not imposed on the LTE 450 UE.  We propose to agree to the working assumptions in this contribution so that work can proceed on UE core specifications.
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7.1 
Coexistence with existing systems in adjacent spectrum 
7.1.1 
UE 
To evaluate the coexistence requirements for UE's operating in the proposed LTE 450 MHz band, we consider the impact of adjacent systems to receiver performance and transmitter performance.  For the receiver, we consider transmitters in adjacent bands whose power may cause receiver blocking and whose out-of-band emissions may fall into the receive band increasing the noise floor.  For the transmitter, we consider the out-of-band emissions generated which may fall in-band into the adjacent band's receiver.  One method to evaluate these conditions is to observe the regulatory requirements for systems operating in adjacent bands.  The regulatory requirements provide a worst-case bound on the adjacent systems transmitter power, out-of-band emissions, as well as provide limits on the allowable transmission power and out-of-band emissions from the device operating in the 450 MHz band.  This method is useful for worst case analysis when studied in conjunction with a deterministic approach on minimum coupling loss between aggressor and transmitter.  However, such a method is often overly pessimistic with respect to actual operation.

In this case, we take a glance at the coexistence requirement implied by such a method.  The regulatory requirements of greatest consequence are those for the system operating immediately adjacent to the proposed LTE 450 band.  For this case, the UE filter is not able to provide any attenuation.  As summarized in [1] and [2] the regulations in Brazil allow a broadcast auxiliary service (SARC) to operate in sub-bands 450 - 451 MHz and 460 - 461 MHz, immediately adjacent to the 451 - 458 MHz / 461 - 468 MHz band authorized for mobile broadband.  There is no guardband and since the duplex direction is not specified, either of the sub-bands can be transmit or receive.  

7.1.1.1 
Transmitter 
In the case that the lower sub-band at 450 - 451 MHz is used for receive by portable or mobile devices, there is potential interference from UE's transmitting in the LTE 450 band.  We note, however, that there is no regulatory requirement specified for out-of-band transmissions from the LTE 450 band.  Therefore, as a working assumption, we propose that the standard 3GPP requirements on UE emissions (ACLR and general SEM) are sufficient for the UE operating in the LTE 450 band.  We further propose that power class 3 is appropriate for such a UE.

Proposal 1:  The LTE 450 UE should be a power class 3 device with 23 dBm maximum output power.  The tolerance is [+2]/[-2] pending investigation of the UE PA and duplexer.

Proposal 2:  The conventional 3GPP requirements on UE emissions (ACLR, general SEM, and spurious emissions) are suitable for the UE operating in the LTE 450 band.  No additional requirements are imposed to offer protection to services operating in adjacent or nearby spectrum.

7.1.1.2 
Receiver 
The UE receive side is potentially more challenging.  In the case that there is SARC operation in the upper sub-band at 460 - 461 MHz with portable or mobile device transmission, the impact to the UE receiver at 460 - 461 MHz must be considered.  We first consider the out-of-band emissions from the SARC mobile station transmitter.  The regulations indicate that the level of harmonics and spurious emissions must be attenuated by at least 60 dB compared to the fundamental.  The maximum output power of the mobile SARC transmitter is no higher than 20 watts as limited by the regulations.  Conducting the MCL analysis with this upper bound, the emissions due to the ACLR from the SARC mobile station can greatly increase the noise floor of the UE receiver operating in the LTE 450 MHz band depending on the physical separation between devices.  For example, at a physical separation of 100 meters, the noise rise in the receiver in the adjacent channel can still be as high as 14.5 dB assuming free space path loss.  

However, since the bandwidth of the SARC transmission signal is narrow (25 kHz), it can be expected that the emissions will decay quickly as the frequency separation is increased.  That is, if the LTE channel is shifted to provide offset to the SARC transmit channel, the impact due to emissions falling in-band can be reduced.  The amount of offset needed for a given MCL and in-band noise rise requires further study and understanding of the emission characteristics of the SARC transmitter beyond that which is available in the regulations.  This would require a non-trivial study of emission characteristics for these systems.  Furthermore, increasing the frequency separation by shifting the location of the LTE450 channel may have other detrimental impacts, such as self-desense, which may make this possibility undesirable from a deployment perspective.

The other aspect to consider is the UE receiver blocking.  The 3GPP ACS and in-band blocking specifications provide guidance to the minimum guaranteed performance from the UE.  For both of these specifications, a certain degradation to reference sensitivity is allowed in the presence of a jammer; for example, 14 dB reference sensitivity degradation is allowed for ACS case 1 and 6 dB degradation is allowed for in-band blocking.  Even with the allowed degradation, the MCL is required to be very large to comply with standard UE receiver blocking requirements.  The dominant interference cases appear to be ACS case 1 and in-band blocking.  For example, at a physical separation of 100 meters, an additional 28 to 33 dB of coupling loss is required to meet the minimum performance requirement.  For these cases, further frequency separation between the SARC transmitter and the LTE 450 UE receiver may not be as beneficial since the range of available frequency separation is limited by the 7 MHz passband and further limited by the objective to place a 5 MHz channel in the band.  Thus, receiver blocking may be the dominant factor even if the ACLR noise from the SARC transmitter can be mitigated by frequency separation.  

In addition to the blocking effect of the SARC transmitter located at 460 - 461 MHz, there is an impact due to intermodulation between the LTE 450 transmission and this jammer in the duplex gap.  The 3rd order intermodulation term between the two is likely to fall within the receive band and desense the receiver.  Note that the power levels which may be possibly observed here are much higher than those specified for the intermodulation requirement in the UE specification.

From the above discussion, it is apparent that a conventional worst-case deterministic analysis leads to results which are not able to be met by the UE and are therefore of limited value.  An alternative approach could be to consider a statistical analysis where the characteristics of the aggressor and victim systems are taken into account.  For example, the SARC system is predominantly used for electronic news gathering (ENG) type services where it is expected that the setup and usage of the system in any particular area is temporary.  Furthermore, the ENG mobile transmitters are generally mounted on vans with a telescoping antenna aimed to a distant receiver and may not necessarily be transmitting at the maximum power allowed by the regulations.  Thus, the probability of interference is greatly reduced since the events occur infrequently on a temporary basis in a localized area, the antenna is mounted on a tall mast, and the pattern is highly directional.  Furthermore, in the case that there is severe interference, the network may be able handoff the UE to another frequency band if it is available, or may simply be able to accept the risk of outage to a subset of UE's in adverse radio conditions.  If such considerations were to be taken into account, it is easy to see that the overall impact to the LTE network is much less severe than the deterministic worst-case analysis might suggest.  The challenge in conducting such a statistical analysis, however, is to ability to gather the appropriate information regarding the operational parameters to construct a network simulation.  In any event, it is expected that the receiver noise rise, intermod, and blocking challenges cannot be resolved by adjusting the receiver specifications, but rather by network deployment, handoff when available, and/or by accepting the risk of temporary outage for a subset of UE's subjected to strong interference.

Proposal 3:  3GPP UE receiver specifications will not be adjusted to specifically address the receiver coexistence with services in adjacent bands (SARC, SLP/SLE, SLMP).  The general UE receiver specifications (ACS, in-band blocking) will apply.

7.1.2 
eNB 
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