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1.
Introduction

The SI proposal [1] to study the Expansion of LTE_FDD_1670_US to include 1670-1680MHz Band for LTE in the US was approved in RAN#59. One of the objectives of this SI is to study the technical feasibility of the two pairing options between the 1670-1680 MHz downlink band and the Band 24 UL carriers.

In this paper, we provide an analysis on the Base Station (BS) Radio Frequency (RF) receive (RX) filter requirements for the two proposed pairing options based on the coexistence parameters used to define the 3GPP requirements in the RAN4 specifications, and provide simulation results to show the feasibility of the RF filter implementations to meet such requirements. We also provide a text proposal to record our findings into the TR [2].
2.
Discussion
The two proposed pairing options between the 1670-1680 MHz downlink band and the Band 24 UL carriers are shown in Figure 1 below [2].
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Figure 1: Proposed pairing options between the 1670-1680 MHz downlink band and the band 24 UL carriers
The frequency separations between the uplink and downlink of the proposed pairing options are given in Table 1 below.

Table 1: Calculation of BS requirement
	Pairing option
	Uplink (MHz)
	Downlink (MHz)
	Frequency separation between the uplink and downlink (MHz)

	1
	1627.5 - 1637.5
	1670 - 1680
	32.5

	2
	1646.7 - 1656.7
	1670 - 1680
	13.3


It can be seen that pairing option 2 is the more challenging BS to BS coexistence scenario where the frequency separation between the BS uplink and downlink is 13.3 MHz. To protect the BS receiver from own or different BS transmitter, the operators should ensure the following:
· The BS transmitter unwanted emissions received by the BS receiver do not cause unacceptable BS receiver desensitization.
· The total carrier power of the BS transmitter attenuated by the BS receiver RF, IF and baseband filters do not result in BS receiver blocking.

2.1
Receiver blocking
It can be seen in Table 1 that the frequency separation between the uplink and downlink is larger than the 10 MHz channel bandwidth, hence the BS transmitted carrier is outside the adjacent channel selectivity (ACS) region of the BS receive frequency, and thus the BS in-band general blocking requirement is used here for the analysis.

RAN4 has specified -43 dBm for the interfering signal power of the BS in-band blocking requirement in order to achieve a maximum of 6 dB victim BS receiver desensitization in Table 7.6.1.1-1 of [3]. In Table 7.6.1.1-2 of [3], the reference measurement channel bandwidth is specified as 5 MHz. Therefore, the analysis provided here considers only the channel bandwidth of 5 MHz. The centre frequency of the blocker is located within 20 MHz below the lower uplink channel edge and 20 MHz above the upper uplink channel edge (from 1626.7 MHz to 1676.7 MHz for option 1, and from 1607.5 MHz to 1657.5 MHz for option 2). Assuming 5 dB BS noise figure, Table 2 calculates the minimum rejection required by the BS receiver IF and baseband filter with 5 MHz uplink channel bandwidth and 5 MHz in-band blocker. This requirement means that the minimum rejection by the BS receiver IF and baseband filters on the in-band blocker is 54.72 dB for 5 MHz interferer. This requirement is applicable to both uplink pairing options. Note that the calculation in Table 2 is also valid for 10, 15 or 20 MHz channel bandwidth because the same reference measurement channel as for 5 MHz channel bandwidth is specified for the in-band general blocking requirement.
Table 2: Calculation of BS in-band general blocking requirement
	Thermal Noise power spectral density
	dBm/Hz
	-174

	BS noise figure
	dB
	5

	Channel bandwidth
	MHz
	5

	Noise bandwidth
	MHz
	4.5

	Receiver noise floor
	dBm
	-102.47

	Interfering signal power (general blocking)
	dBm
	-43

	Receiver sensitivity degradation (general blocking)
	dB
	6

	Allowed receiver interference (general blocking)
	dBm
	-97.72

	Required receiver filter rejection (general blocking)
	dBm
	54.72


Assuming the BS transmitted carrier power is 43 dBm/5 MHz, there is a rejection requirement of (43 + 43 =) 86 dB from the BS RF RX filter over the BS transmit frequency to protect the BS receiver from its own transmit signal (with 6 dB receiver desensitization). On the other hand, if a more stringent BS receiver desensitization (e.g. 0.8 dB instead of 6 dB) is required, then the allowed receiver interference will be (e.g. 4.74 + 6.94 = 11.7 dB) lower and thus the BS RX RF filter rejection will need to be higher (e.g. 86 + 11.7 = 97.7 dB for 0.8 dB receiver desensitization).
2.2
Simulation results
The RF filter simulation results for pairing option 1 with five metal resonators are shown in Figure 2 below. It can be seen that the required minimum rejection of 97.7 dB (for 0.8 dB receiver desensitization) over the receive frequencies (1627.5 - 1637.5 MHz) can be achieved (with likely drift of ~100 kHz due to manufacturing and environmental variations), with an acceptable receive passband insertion loss of <2.0 dB (including an additional ~0.2 dB for connectors and internal transmission lines). Note that temperature-compensation and implementation margin were not included in the simulation, thus the simulation results should only be used as an approximation but not the expectation of actual products performance.
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Figure 2: Simulated BS RF RX Filter Characteristics – 5 Metal Resonators
The RF filter simulation results for pairing option 2 with six metal resonators are shown in Figure 3 below. It can be seen that the required minimum rejection of 97.7 dB (for 0.8 dB receiver desensitization) over the receive frequencies (1646.7 - 1656.7 MHz) can be achieved (with likely drift of ~100 kHz due to manufacturing and environmental variations), with an acceptable receive passband insertion loss of <2.0 dB (including an additional ~0.2 dB for connectors and internal transmission lines). Note that temperature-compensation and implementation margin were not included in the simulation, thus the simulation results should only be used as an approximation but not the expectation of actual products performance.
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Figure 3: Simulated BS RF RX Filter Characteristics – 6 Metal Resonators
To summarize, the simulation results in Figures 2 and 3 show that it could be feasible for the BS RF RX filter to provide the required rejections for pairing the 1670 - 1680 MHz downlink with either 1627.5 - 1637.5 MHz uplink or 1646.7 - 1656.7 MHz uplink. On the other hand, pairing 1670 - 1680 MHz downlink with 1627.5 - 1637.5 MHz uplink is the easier of the two options from filter implementation viewpoint, as there is 32.5 MHz of separation between the BS transmit and receive frequencies.
3.
Conclusions

In this paper, we have provided an analysis on the BS RF RX filter requirements for the two proposed pairing options based on the coexistence parameters used to define the 3GPP requirements in the RAN4 specifications, and provided simulation results to show the feasibility of the RF filter implementations to meet such requirements.
We have shown that it could be feasible for the BS RF TX filter to provide the required rejections for pairing the 1670 - 1680 MHz downlink with either 1627.5 - 1637.5 MHz uplink or 1646.7 - 1656.7 MHz uplink. On the other hand, pairing 1670 - 1680 MHz downlink with 1627.5 - 1637.5 MHz uplink is the easier of the two options from filter implementation viewpoint, as there is 32.5 MHz of separation between the BS transmit and receive frequencies.
Below we provide a text proposal to record our findings into the TR.
4.
Text proposal
<Start of change>

8.5
BS RX RF filtering

It can be seen in Table 8.4.1 that the frequency separation between the uplink and downlink is larger than the 10 MHz channel bandwidth, hence the BS transmitted carrier is outside the adjacent channel selectivity (ACS) region of the BS receive frequency, and thus the BS in-band general blocking requirement is used here for the analysis.

RAN4 has specified -43 dBm for the interfering signal power of the BS in-band blocking requirement in order to achieve a maximum of 6 dB victim BS receiver desensitization in Table 7.6.1.1-1 of [10]. In Table 7.6.1.1-2 of [10], the reference measurement channel bandwidth is specified as 5 MHz. Therefore, the analysis provided here considers only the channel bandwidth of 5 MHz. The centre frequency of the blocker is located within 20 MHz below the lower uplink channel edge and 20 MHz above the upper uplink channel edge (from 1626.7 MHz to 1676.7 MHz for option 1, and from 1607.5 MHz to 1657.5 MHz for option 2). Assuming 5 dB BS noise figure, Table 2 calculates the minimum rejection required by the BS receiver IF and baseband filter with 5 MHz uplink channel bandwidth and 5 MHz in-band blocker. This requirement means that the minimum rejection by the BS receiver IF and baseband filters on the in-band blocker is 54.72 dB for 5 MHz interferer. This requirement is applicable to both uplink pairing options. Note that the calculation in Table 8.5.1 is also valid for 10, 15 or 20 MHz channel bandwidth because the same reference measurement channel as for 5 MHz channel bandwidth is specified for the in-band general blocking requirement.
Table 8.5.1: Calculation of BS in-band general blocking requirement
	Thermal Noise power spectral density
	dBm/Hz
	-174

	BS noise figure
	dB
	5

	Channel bandwidth
	MHz
	5

	Noise bandwidth
	MHz
	4.5

	Receiver noise floor
	dBm
	-102.47

	Interfering signal power (general blocking)
	dBm
	-43

	Receiver sensitivity degradation (general blocking)
	dB
	6

	Allowed receiver interference (general blocking)
	dBm
	-97.72

	Required receiver filter rejection (general blocking)
	dBm
	54.72


Assuming the BS transmitted carrier power is 43 dBm/5 MHz, there is a rejection requirement of (43 + 43 =) 86 dB from the BS RF RX filter over the BS transmit frequency to protect the BS receiver from its own transmit signal (with 6 dB receiver desensitization). On the other hand, if a more stringent BS receiver desensitization (e.g. 0.8 dB instead of 6 dB) is required, then the allowed receiver interference will be (e.g. 4.74 + 6.94 = 11.7 dB) lower and thus the BS RX RF filter rejection will need to be higher (e.g. 86 + 11.7 = 97.7 dB for 0.8 dB receiver desensitization).

The RF filter simulation results for pairing option 1 with five metal resonators are shown in Figure 8.5.1 below. It can be seen that the required minimum rejection of 97.7 dB (for 0.8 dB receiver desensitization) over the receive frequencies (1627.5 - 1637.5 MHz) can be achieved (with likely drift of ~100 kHz due to manufacturing and environmental variations), with an acceptable receive passband insertion loss of <2.0 dB (including an additional ~0.2 dB for connectors and internal transmission lines). Note that temperature-compensation and implementation margin were not included in the simulation, thus the simulation results should only be used as an approximation but not the expectation of actual products performance.
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Figure 8.5.1: Simulated BS RF RX Filter Characteristics – 5 Metal Resonators
The RF filter simulation results for pairing option 2 with six metal resonators are shown in Figure 8.5.2 below. It can be seen that the required minimum rejection of 97.7 dB (for 0.8 dB receiver desensitization) over the receive frequencies (1646.7 - 1656.7 MHz) can be achieved (with likely drift of ~100 kHz due to manufacturing and environmental variations), with an acceptable receive passband insertion loss of <2.0 dB (including an additional ~0.2 dB for connectors and internal transmission lines). Note that temperature-compensation and implementation margin were not included in the simulation, thus the simulation results should only be used as an approximation but not the expectation of actual products performance.
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Figure 8.5.2: Simulated BS RF RX Filter Characteristics – 6 Metal Resonators
To summarize, the simulation results in Figures 8.5.1 and 8.5.2 show that it could be feasible for the BS RF RX filter to provide the required rejections for pairing the 1670 - 1680 MHz downlink with either 1627.5 - 1637.5 MHz uplink or 1646.7 - 1656.7 MHz uplink. On the other hand, pairing 1670 - 1680 MHz downlink with 1627.5 - 1637.5 MHz uplink is the easier of the two options from filter implementation viewpoint, as there is 32.5 MHz of separation between the BS transmit and receive frequencies.

<End of change>
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