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1.
Introduction

The WI proposal to specify the Public Safety Broadband High Power UE for Band 14 for Region 2 was approved in RAN#55 [1]. One objective of the WI is to take into account the co-existence and compatibility of LTE systems deployed in the 700MHz band, while additional co-existence scenarios are not precluded.
In this paper, we provide a preliminary study on the co-existence scenarios that should be considered in this WI.
2.
Discussion
Based on U.S. 700 MHz band plan shown below in Figure 1, Band 14 LTE UE transmit (Tx) band is 1 MHz away from Band 13 LTE BS receive (Rx) band and also 1 MHz away from Public Safety Narrowband (PSNB) BS receive band.  If Band 14 LTE UE maximum power increases from +23 dBm to +33 dBm as proposed by the WI for High Power UE (HPUE), potential interference scenarios might include:

1.
Interference from Band 14 LTE HPUE Tx to Band 13 LTE BS Rx.
2.
Interference from Band 14 LTE HPUE Tx to PSNB BS Rx.
And for each of the two interference scenarios about, the following impacts should be considered:

a.
HPUE out of band emission (OOBE) into BS Rx.

b.
Blocking impact of HPUE carrier to BS Rx.
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Figure 1: U.S. 700 MHz band plan

2.1
Interference Scenario 1
Here RAN4 need to ensure that Band 14 LTE HPUE carrier power and OOBE do not cause unacceptable degradation in Band 13 uplink throughput/quality so that Band 14 LTE HPUE can co-exist with Band 13 LTE BS Rx with compatible operation. Currently, the FCC Part 27.53 [2] require the -13 dBm/100 kHz emission limit for UE transmitting in Band 14 D block into the Band 13 C block uplink frequency range of 777 – 787 MHz.
While in the 3GPP standards, TS 36.101 [3] mandates the 30 dB Adjacent Channel Leakage Ratio (ACLR) requirement for UE, and the TS 36.104 [4] mandates the 45 dB Adjacent Channel Selectivity (ACS) requirement for BS. It can be seen that the current 3GPP BS ACS requirement is sufficiently tighter than the UE ACLR requirement. Hence the Band 14 UE ACLR requirement is the dominant factor for the interference to Band 13 BS Rx. However, if the 33 dBm HPUE ACLR is tightened by 10 dB to reach the same OOBE level as the current 23 dBm UE, the impact of the BS ACS requirement for the interference to Band 13 BS Rx cannot be neglected. To protect the Band 13 BS already deployed in the field, RAN4 should determine the acceptable Band 14 LTE UE maximum carrier power and OOBE at which existing Band 13 BS can operate with acceptable degradation.
2.2
Interference Scenario 2
Here the goal is to ensure that Band 14 LTE HPUE carrier power and OOBE do not cause unacceptable degradation in PSNB uplink coverage/quality so that Band 14 LTE HPUE can co-exist with PSNB BS Rx with compatible operation. Currently, the FCC Part 90.453 [5] requires the -35 dBm/6.25 kHz emission limit for UE transmitting in Band 14 F blocks into the PSNB uplink frequency range 799 – 805 MHz. Considering the Band 14 LTE HPUE maximum power of 33 dBm, the ACLR should be obtained by subtracting LTE UE OOBE power (into a PSNB channel bandwidth of 6.25 kHz) from the LTE UE total carrier power, i.e., the ACLR is about 68 dB [= 33 dBm – (-35 dBm)].
On the other hand, TIA-102.CAAB-B [6] specifies that in the presence of an unwanted power of 70 dB above the Class B BS reference receiver sensitivity (-113 dBm) at 50 kHz offset from the receiver center frequency, the BS Rx desensitization should not exceed 3 dB. Thus to maintain the PSNB BS Rx SNR target, the unwanted signal power attenuated by PSNB BS Rx filter should be equal to the PSBS BS Rx noise floor. Also according to [6], the co-channel rejection is 9 dB.  TIA-102.CAAA-B [7] provides the definition of co-channel rejection as “The co-channel rejection is the ratio of the reference sensitivity to the level of an unwanted input signal. The unwanted signal has an amplitude that causes the BER produced by a wanted signal 3 dB in excess of the reference sensitivity to be reduced to the standard BER” and the method of measurement as specified in Section 2.1.8.2 of [7]. Therefore, the required PSNB BS Rx SNR to achieve the standard BER is 9 dB. Considering the BS Rx sensitivity standard of -113 dBm and the co-channel SNR standard of 9 dB, we obtain that the PSNB BS Rx noise floor is -122 dBm (= -113 dBm - 9 dB).  In order for PSNB Class B BS to meet the spurious response rejection standard of 70 dB, the required PSNB BS Rx selectivity (i.e., Rx filter rejection) is 79 dB [= -113 dBm + 70 dB – (-122 dBm)].
Therefore, adjacent channel interference from Band 14 LTE HPUE Tx to PSNB BS Rx is dictated by Band 14 LTE HPUE Tx OOBE, rather than PSNB BS Rx selectivity. To protect the PSNB BS already deployed in the field, RAN4 should determine the acceptable Band 14 LTE HPUE maximum OOBE at which existing PSNB BS can operate with acceptable degradation.
2.3
Interference to GPS receiver
Here the goal is to ensure that Band 14 LTE HPUE carrier power and OOBE do not cause unacceptable degradation in GSP receiver sensitivity so that Band 14 LTE HPUE can co-exist with GPS receiver with compatible operation. The Band 14 LTE HPUE is operating at 788 – 798 MHz for uplink [1]. Hence the 2nd order harmonics of the Band 14 LTE HPUE transmission may fall within the range of 1576 – 1597 MHz, which falls within the GPS receive band of 1574.4 – 1576.44 MHz. Consequently, the GPS receiver of own or different UE may be desensitized by:

1.
HPUE 2nd order harmonics OOBE into GPS receiver.
2.
HPUE carrier makes the 2nd harmonics re-growth at the GPS LNA.
To protect the GPS receiver already deployed in the field, RAN4 should determine the acceptable Band 14 LTE UE maximum carrier power and OOBE at which existing GPS receiver can operate with acceptable degradation.
3.
Conclusions

In this paper, we have provided a preliminary study on the co-existence scenarios that should be considered in this WI. Here we recommend RAN4 to study the following interference scenarios to ensure that Band 14 LTE HPUE carrier power and OOBE do not cause unacceptable degradation in the impacted systems.
1.
Interference from Band 14 LTE HPUE Tx to Band 13 LTE BS Rx.
2.
Interference from Band 14 LTE HPUE Tx to PSNB BS Rx.
3.
Interference to GPS receiver.
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