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1.	Introduction
The SI proposal [1] for AWS-Extension band for LTE was approved in RAN#64. The objective of this SI is to evaluate various candidate band plans for technical feasibility, impediments, interoperability and efficient spectrum utilization. The following options are to be studied with the same priority.
1.	70+70 (1710 - 1780 MHz / 2110 - 2180 MHz, fixed duplex)
2.	70+90 (1710 - 1780 MHz / 2110 - 2200 MHz, variable duplex)
3.	85+90 (1695 - 1780 MHz / 2110 - 2200 MHz, variable duplex)
Other options are not precluded and coordination with Region 2 should be considered. At the conclusion of this SI a single band plan will be selected considering technical impediments.
In this paper, we provide an analysis on the Base Station (BS) Radio Frequency (RF) filter requirements for the AWS-Extension band based on the Federal Communications Commission (FCC) regulations and 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 with the 3 band plan options.

2.	Discussion
On 31 March 2014, the USA FCC issued Amendment of the Commission’s Rules with Regard to Commercial Operations in the 1695-1710 MHz, 1755-1780 MHz, and 2155-2180 MHz Bands. The details of the FCC Order (FCC-14-31), which includes the appropriate technical information can be found at http://transition.fcc.gov/Daily_Releases/Daily_Business/2014/db0506/FCC-14-31A1.pdf. 
The band plan of the AWS-3 spectrum in the United States is shown in Figure 1 below [1].

Figure 1: United States AWS-3 Band Plan
It can be seen from Figure 1 that any of the 3 band plan options will result in 330 MHz (1780 – 2110 MHz) of frequency separation between the uplink (UL) and downlink (DL). The UL and DL frequency ranges of the other AWS spectrums (Bands 4, 23 and 25) currently defined in the 3GPP standards [3] are shown in Figure 2 below.

Figure 2: Frequency ranges of Bands 4, 23 and 25
It can be seen from Figure 2 that there are at least 90 MHz (2020 – 2110 MHz) of frequency separation between the AWS-Extension band DL and Bands 4, 23 or 25 UL, and at least 150 MHz (1780 – 1930 MHz) of frequency separation between the AWS-Extension band UL and Bands 4, 23 or 25 DL. Note that according to FCC Memorandum Opinion and Order DA 13-2409, the Band 23 operator must elect the AWS-4 spectrum at 2000-2020 MHz for downlink or uplink by 20 June 2016.  Here, it is assumed that the AWS-4 spectrum at 2000-2020 MHz is used for uplink operation as Band 23.
To protect a BS receiver from its own or different BS transmitter, the operators should ensure the following:
· Its own or different BS transmitter unwanted emissions received by the BS receiver do not cause unacceptable BS receiver desensitization.
· The total carrier power of its own or different BS transmitter attenuated by the BS receiver RF, IF and baseband filters do not result in BS receiver blocking.

2.1	Transmitter unwanted emissions

The FCC has defined the same emission limits for operations in the AWS-3 spectrum as the other AWS spectrums, i.e. the power of any emission at frequency offsets equal to or greater than 1 MHz outside a licensee's frequency block shall not be higher than -13 dBm/MHz [2]. On the other hand, the BS spurious emissions limits for protection of the BS receiver of own or different (co-located) BS is currently specified in 3GPP as -96 dBm/100 kHz (-86 dBm/MHz) in the UL frequency range of the BS receiver for Wide Area BS [3]. This requirement value is obtained assuming a 5 dB BS noise figure, a 30 dB BS to BS minimum coupling loss (MCL) and a 0.8 dB victim BS receiver desensitization [4].
Now if we assume the out-of-band (OOB) emission from the power amplifier (PA) is designed to meet the -13 dBm/MHz specified in the FCC Order, then the required rejection by the BS RF transmit (TX) filter to meet the -86 dBm/MHz emission limit will be (86 – 13 =) 73 dB. Note that for BS with common transmit and receive antenna port, there may not be any considerable coupling loss between the BS transmitter and receiver, hence the 30 MCL cannot be used and the required rejection by the BS RF TX filter shall be (73 + 30 =) 103 dB. 
The TX RF filter simulation results for band plan options 1, 2 and 3 are shown below in Figures 3, 4 and 5, respectively. It can be seen that the required minimum rejections of 73 dB over the Band 23 UL frequency range and 103 dB over the AWS-Extension band UL frequency range can be achieved (with likely drift of ~100 kHz due to manufacturing and environmental variations), with an acceptable transmit passband insertion loss of <1.0 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.

Figure 3: Simulated BS RF TX Filter Characteristics (1710 - 1780 MHz / 2110 - 2180 MHz)


Figure 4: Simulated BS RF TX Filter Characteristics (1710 - 1780 MHz / 2110 - 2200 MHz)


Figure 5: Simulated BS RF TX Filter Characteristics (1695 - 1780 MHz / 2110 - 2200 MHz)
Therefore, the simulation results show that it could be feasible for the AWS-Extension band BS RF TX filter to provide the required rejections to protect the BS receiver for any of the 3 band plan options, with small degradation in other aspects of the filter performance (e.g. insertion loss and modulation accuracy).

2.2	Receiver blocking

Now we look at the AWS-Extension band BS receiver blocking requirements in order to avoid receiver blocking by the carrier power of its own or different BS transmitter. It can be seen in Figures 1 and 2 that the frequency separation between the AWS-Extension band UL and DL is 330 MHz in any of the 3 band plan options, and the frequency separation between the AWS-Extension band UL and Band 25 DL is 150 MHz. 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.
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Currently, the interfering signal power for the BS in-band general blocking requirement is defined in the RAN4 specification as -43 dBm for a 6 dB victim BS receiver desensitization [3]. These requirement values mean that the minimum rejection by the BS receiver IF and baseband filters on the adjacent channel interferer is 54.72 dB for 5 MHz channel bandwidth, assuming that the BS RF receive (RX) filter cannot provide any rejection in the in-band frequency range. The calculation for 5 MHz channel bandwidth is shown in Table 1 below. Note that the calculation in Table 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 BS in-band general requirement.
Table 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 (ACS)
	dBm
	-43

	Receiver sensitivity degradation (ACS)
	dB
	6

	Allowed receiver interference (ACS)
	dBm
	-97.72

	Required receiver filter rejection (ACS)
	dBm
	54.72



[bookmark: OLE_LINK7][bookmark: OLE_LINK8]Assuming that the BS transmitted carrier power is 49 dBm / 40 MHz [5], there is a rejection requirement of (49 + 43 =) 92 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. 92 + 11.7 = 103.7 dB for 0.8 dB receiver desensitization). Note that for BS with separate transmit and receive antenna ports, the 30 MCL can be considered and thus the required rejection by the BS RF RX filter shall be (103.7 – 30 =) 73.7 dB.
The RX RF filter simulation results for band plan options 1, 2 and 3 are shown below in Figures 6, 7 and 8, respectively. It can be seen that the required minimum rejections (for 0.8 dB receiver desensitization) of 73.7 dB over the Band 25 DL frequency range and 103.7 dB over the AWS-Extension band DL frequency range can be achieved (with likely drift of ~100 kHz due to manufacturing and environmental variations), with an acceptable receive passband insertion loss of <1.0 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.

Figure 6: Simulated BS RF RX Filter Characteristics (1710 - 1780 MHz / 2110 - 2180 MHz)


Figure 7: Simulated BS RF RX Filter Characteristics (1710 - 1780 MHz / 2110 - 2200 MHz)


Figure 8: Simulated BS RF RX Filter Characteristics (1695 - 1780 MHz / 2110 - 2200 MHz)
Therefore, the simulation results show that it could be feasible for the AWS-Extension band BS RF RX filter to provide the required rejections to avoid BS receiver blocking for any of the 3 band plan options, with small degradation in other aspects of the filter performance (e.g. insertion loss and modulation accuracy).

3.	Conclusions
In this paper, we have provided an analysis on the BS RF filter requirements for the AWS-Extension band based on the FCC regulations and 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 with the frequency separations between the AWS-Extension band and Band 4, 23 or 25 frequencies, it could be feasible for the AWS-Extension band BS TX and RX RF filters to provide the required rejections to protect the BS receiver from own or different BS transmitter for any of the 3 band plan options.
1.	70+70 (1710 - 1780 MHz / 2110 - 2180 MHz, fixed duplex)
2.	70+90 (1710 - 1780 MHz / 2110 - 2200 MHz, variable duplex)
3.	85+90 (1695 - 1780 MHz / 2110 - 2200 MHz, variable duplex)
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