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1.
Introduction

The WI proposal [1] to specify the LTE Wireless Communications Service band, or ‘WCS’ band in the United States was approved in RAN#57. The purpose and objective of this WI is to define a new band which encompasses the current WCS spectrum (2305-2315/2350-2360 MHz) in the RAN4 specifications. The regional regulatory approval has been attained [2], and thus work item may therefore commence as previously decided by RAN #57.

In this paper, we provide an analysis on the Base Station (BS) Radio Frequency (RF) filter requirements for the WCS 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.
2.
Discussion
The band plan of the WCS band in the United States is shown in Figure 1 below [1].

[image: image7.wmf]OOBE for WCS Band (Upper A+B blocks)

-50

-40

-30

-20

-10

0

10

2335

2340

2345

2350

2355

2360

2365

2370

2375

2380

Frequency (MHz)

dBm/MHz

3GPP CatB-Option 2 EM Mask

FCC OOBE Mask

FCC OOBE Mask (with relaxation)

27dB

30dB

32dB

12dB

30dB

29dB

Pt C

Pt D

Pt E

A

B

D


Figure 1: United States WCS 2.3 GHz Band Plan
It can be seen from Figure 1 that the coexistence scenarios between the WCS BS and Satellite Digital Audio Radio Service (SDARS) are the following:
· The WCS BS transmitter unwanted emissions received by SDARS receivers, which is operating at 5 MHz offset from the WCS Upper A block, do not cause unacceptable SDARS receiver desensitization.
· The total carrier power of SDARS terrestrial repeaters, which is operating at 9.54 MHz offset from the WCS Lower B block, attenuated by WCS BS receiver RF, IF and baseband filters do not result in the WCS BS receiver blocking.

2.1
Transmitter unwanted emissions
The FCC has defined the emission limits for base and fixed stations operating in the 2350-2360 MHz band in the FCC Order (FCC-12-130) based on detailed coexistence studies between the wireless broadband services in the WCS band and the services in adjacent frequencies (SDARS, ARS, AMT, DSN). The FCC emission limits are illustrated in Figure 2 below. The BS Operating Band Unwanted Emissions Category B (Option 2) limits currently defined in the RAN4 specification [3] are also shown in the figure for comparison.
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Figure 2: WCS Out Of Block Emissions for Upper A+B Blocks
If we assume the out-of-band emission from the WCS BS power amplifier (PA) is designed to meet the BS Operating band unwanted emissions Category B (Option 2) limits to facilitate the implementation of the WCS BS RF filer, then the required rejections by the WCS BS RF transmit (TX) filter to meet the FCC emission limits will be (45 – 13 =) 32 dB at 5 MHz offset from the WCS Block A lower edge and (45 – 15 =) 30 dB at 10 MHz offset from the WCS Block B upper edge.

The simulation results in Figure 3 below show that a minimum rejection of ~38 dB could be provided by the WCS BS RF TX filter at 5 MHz offset from the 10 MHz TX block edge (with likely drift of about 100 kHz due to manufacturing and environmental variations), with the passband insertion loss ranges from 0.9 dB at the passband edges to 0.6 dB at passband centre (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 WCS BS RF TX Filter Characteristics
Therefore, the simulation results show that it could be feasible for the WCS BS RF TX filter to provide the required rejections at the required frequency offsets to fulfil the FCC emission limits, with small degradation in other aspects of the filter performance (e.g. insertion loss and modulation accuracy). However, the increase in cost, size, weight, and complexity of the filter still need to be considered.
2.2
Receiver blocking
Now we look at the WCS BS receiver blocking requirements in order to avoid receiver blocking by the carrier power of SDARS terrestrial repeaters. Currently, the interfering signal power for the BS adjacent channel selectivity (ACS) requirement is defined in the RAN4 specification as -52 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 45.72 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 ACS requirement.
Table 1: Calculation of BS ACS 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
	-52

	Receiver sensitivity degradation (ACS)
	dB
	6

	Allowed receiver interference (ACS)
	dBm
	-97.72

	Required receiver filter rejection (ACS)
	dBm
	45.72


Moreover, 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]. This interfering signal level is applied from the lower frequency of the BS receive band minus 20 MHz to the upper frequency of the BS receive band plus 20 MHz. These requirement values mean that the minimum rejection by the Band BS receiver IF and baseband filters on the in-band interferer is 54.72 dB for 5 MHz channel bandwidth, assuming that the BS RF RX filter cannot provide any rejection in this in-band frequency range. The calculation for 5 MHz channel bandwidth is shown in Table 2 below. Again 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


Comparing the required receiver filter rejection levels in Tables 1 and 2, it can be seen that the BS receiver IF and baseband filters could provide (54.72 – 45.72 =) 9 dB more rejection when the interfering signal is 5 MHz further away from the wanted signal. This will mean 1.8 dB/MHz more rejection if we assume a constant slope in the filter transfer function within this frequency range.
According to the FCC Code of Federal Regulations (CFR) Title 47 Part 25.214, SDARS terrestrial repeaters must be operated at a power level less than or equal to 12-kW (= 70.8 dBm) average EIRP. Assuming a 15 dBi effective repeater antenna gain (equal to antenna gain minus cable loss) and a 67 dB minimum coupling loss (MCL) between the SDARS repeater and the WCS BS receiver, the SDARS repeater carrier power at the WCS BS receiver antenna connector is (70.8 – 15 – 67 =)  -11.2 dBm. Note that the assumed antenna gain and MCL are used to define the BS coexistence (in the same geographical area) requirements in the RAN4 specifications [4].
If we use the more conservative ACS rejection by the WCS BS receiver IF and baseband filters on the coexisting (in the same geographical area) SDARS repeater signal, then the required rejection by the WCS BS RF RX filter to meet a 6 dB BS receiver desensitization (according to the minimum requirement in the RAN4 specification) will be (-11.2 + 52 =) 40.8 dB. Note that there is also the rejection requirement of (43 – 52 =) 95 dB from the WCS BS RF RX filter over the WCS BS transmit frequencies to protect the BS receiver from its own transmit signal.
The simulation results in Figure 4 below show that > 43 dB rejection could be provided by the WCS BS RF RX filter at an 9.5 MHz offset from the WCS Lower B block edge (again with likely drift of about 100 kHz due to manufacturing and environmental variations). It can be seen that the WCS BS RX RF filter design is dominated by the 95 dB rejection requirement over the WCS BS transmit frequencies, and the 40.8 dB rejection requirement over the SDARS repeater frequencies has a minimal impact to the WCS BS RX RF filter design. Note that again 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 4: Simulated WCS BS RX Filter Characteristics

And as discussed above, the WCS BS receiver IF and baseband filters should provide more rejection than ACS at a 9.54 MHz offset from the WCS block edge. Hence it could be feasible for the WCS BS RF RX filter to provide the required rejection to coexist (in the same geographical area) with SDARS repeaters.

On the other hand, if a more stringent WCS BS receiver desensitization (e.g. 0.8 dB instead of 6 dB) is required, then the WCS BS RX RF filter rejection will need to be higher (e.g. 52.5 dB for 0.8 dB receiver desensitization), and the increase in cost, size, weight, and complexity of such filter will need to be considered. Beside improving the WCS BS RF RX filter rejection, other alternatives to avoid WCS BS receiver blocking include reducing the out-of-band emission from the WCS BS PA, increasing the IF and baseband filter rejection of the WCS BS receiver, and increasing the coupling loss (i.e. antenna isolation) from SDARS repeater antenna connector to WCS BS receiver antenna connector.
3.
Conclusions

In this paper, we have provided an analysis on the BS RF filter requirements for the WCS 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 gap between WCS band and SDARS frequencies, it could be feasible for the WCS BS TX and RX RF filters to provide the required rejections to coexist (in the same geographical area) with SDARS receiver/repeater. However, the increase in cost, size, weight, and complexity of the filters still need to be considered.
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