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1. Introduction
During RAN#59 (Vienna), the study item titled “Expansion of LTE_FDD_1670_US to include 1670-1680 MHz Band for LTE in the US” was approved [1].  The downlink spectrum covered by this study item is 1670 to 1680 MHz, and the uplink band coincides with band 24 UL from 1626.5 to 1660.5 MHz. In this paper, we provide an analysis on the eNB Radio Frequency (RF) Receive filter requirements for the two proposed pairing options based on the coexistence parameters used to define the 3GPP requirements in the RAN4 specifications. 

2. Proposed UL Pairings
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: Frequency Separation for Proposed UL Pairings 
	Pairing option
	Uplink (MHz)
	Downlink (MHz)
	Frequency separation between the uplink and downlink (MHz)

	1
	1646.7 - 1656.7
	1670 - 1680
	13.3

	2
	1627.5 - 1637.5
	1670 - 1680
	32.5


It can be seen that pairing option 1 is the more challenging eNB to eNB co-existence scenario where the frequency separation between the eNB uplink and downlink is 13.3 MHz. To protect the eNB receiver from own or different eNB transmitter, the operators should ensure the following:
· The eNB transmitter unwanted emissions received by the BS receiver do not cause unacceptable eNB receiver desensitization.

· The total carrier power of the eNB transmitter attenuated by the eNB receiver RF, IF and baseband filters do not result in eNB receiver blocking.

3. Receiver RF Characteristics
3.1 Adjacent Channel Selectivity (ACS)
RAN4 has specified -52 dBm for the interfering signal power of the eNB adjacent channel selectivity (ACS) requirement in order to achieve a maximum of 6 dB victim eNB receiver desensitization in Table 7.5.1-3 of [3]. In Table 7.5.1-6 the reference measurement channel BW is specified as 5MHz. Therefore, the analysis provided here  considers only the channel BW of 5 MHz. Assuming 5 dB eNB noise figure, Table 1 calculates the minimum rejection required by the eNB receiver IF and baseband filter at the proposed UL channel MHz Rx band on the adjacent channel interferer for 5 MHz channel Bandwidths. This requirement means that the minimum rejection by the eNB Rx filters on the adjacent channel interferer is 45.72 dB for 5 MHz interferer.  This requirement is applicable to both UL pairing options.
Table 1: Calculation of eNB ACS requirement

	Parameter
	Unit
	Value

	
	
	

	Thermal Noise power spectral density
	dBm/Hz
	-174

	eNB noise figure
	dB
	5

	Channel bandwidth
	MHz
	5

	Noise Bandwidth
	MHz
	4.5

	Receiver noise floor
	dBm
	-102.47

	Allowed Rx sensitivity degradation (ACS)
	dB
	0.8

	Allowed Rx Interference (ACS)
	dBm
	-109.41

	Interfering Signal Power (ACS) from [3]
	dBm
	-52

	Required additional Rx filter rejection (ACS)
	dB
	57.41


3.2 In-band Blocking
RAN4 has also specified -43 dBm for the interfering signal power of the eNB in-band blocking requirement in order to achieve a maximum of 6 dB victim eNB receiver desensitization in Table 7.6.1.1-1 of [3]. In Table 7.6.1.1-2 the reference measurement channel BW is specified as 5 MHz. Therefore, the analysis provided here considers only the channel BW of 5 MHz. The centre frequency of the blocker is located within 20MHz below the lower UL channel edge and 20 MHz above the upper UL 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 eNB noise figure, Table 2 calculates the minimum rejection required by the eNB receiver IF and baseband filter at the proposed UL channel MHz Rx band on a 5 MHz in-band blocker. This requirement means that the minimum rejection by the eNB Rx filters on the adjacent channel interferer is 54.72 dB for 5 MHz interferer.  This requirement is applicable to both UL pairing options.

Table 2: Calculation of eNB in-band blocking requirement
	Parameter
	Unit
	Value

	
	
	

	Thermal Noise power spectral density
	dBm/Hz
	-174

	eNB noise figure
	dB
	5

	Rx Channel bandwidth
	MHz
	5

	Rx Used Bandwidth
	MHz
	4.5

	Receiver noise floor
	dBm
	-102.47

	Allowed Rx sensitivity degradation (blocking)
	dB
	6

	Allowed Rx Interference (blocking)
	dBm
	-97.72

	Interfering Signal Power (blocking) from [3]
	dBm
	-43

	Required additional Rx filter rejection (blocking)
	dB
	54.72


Comparing the results from Tables 1 and 2, the required eNB Rx filter rejection levels for in-band blocker is 9 dB (54.72 – 45.72 = 9 dB) more than the rejection required when the 5 MHz adjacent channel interferer. 

3.3 eNB to eNB Co-location Requirement
This blocking requirement is applied for protecting the eNB receiver when the eNB interferer operates in a different frequency band and is co-located with the eNB victim receiver, applicable to both 5 and 10 MHz channel BWs. 

The interfering signal power for eNB blocking performance requirement when co-located with an eNB in other frequency bands is specified as 16 dBm for a 6 dB victim BS receiver desensitization as specified in Table 7.6.2.1-1 in [3]. The transmitting signal power is obtained by assuming a power of 46 dBm at the output of the eNB PA, and a 30 dB BS to BS MCL between interfering transmitter and eNB receiver and is based on co-location with base stations of the same class. Table 3 calculates the co-location blocking requirement for 5 and 10 MHz interfering channels. This requirement is applicable to both UL pairing options.

Table 3: Calculation of eNB Co-location requirement
	Parameter
	Unit
	Value

	
	
	5 MHz BW 
	10 MHz BW 

	Thermal Noise power spectral density
	dBm/Hz
	-174
	-174

	eNB noise figure
	dB
	5
	5

	Rx Channel bandwidth
	MHz
	5
	10

	Rx Used Bandwidth
	MHz
	4.5
	9

	Receiver noise floor
	dBm
	-102.47
	-99.46

	Allowed Rx sensitivity degradation (co-location )
	dB
	6
	6

	Allowed Rx Interference (co-location)
	dBm
	-97.72
	-94.71

	Interfering Signal Power (co-location) from [3]
	dBm
	16
	16

	Required additional Rx filter rejection (co-location)
	dB
	113.72
	110.71


Using use the ACS rejection by the proposed UL eNB receiver filters on the co-located eNB, the required rejection by the proposed UL eNB Rx filter is 68 dB (113.72 – 45.72=68 dB) for 5MHz channel, and 64.99 dB (110.71 – 45.72=64.99 dB) for 10 MHz channel BW. The co-located interferer must have enough distance with the selected UL channel for this proposed band victim receiver to be able to meet these additional rejections. 
3.4 eNB to eNB Co-existing Requirement 
This blocking requirement is applied for protecting the eNB receiver when the eNB interferer operates in a different frequency band and is co-existed with the eNB victim receiver in the same geographical area, applicable to both 5 and 10 MHz channel BWs. 

In [4], the MCL for co-existence scenario is calculated to be 67 dB assuming 13 dBi antenna gains for the transmitter and receiver, and 288m line of sight separation between the transmitter and receiver. If the more realistic antenna gain of 15 dBi for this proposed band is assumed, the MCL is modified to 71 dB (67+2*(15-13)=71 dB). Assuming a maximum EIRP of 62 dBm for the aggressor BS, the aggressor power at the victim eNB antenna connector is -24 dBm (62-15-71=-24 dBm). This requirement is applicable to both UL pairing options.

3.5 eNB Rejection Requirement for Own Transmitter
This blocking requirement is applied for protecting the eNB receiver from the DL own signal transmitted in 1670-1680 MHz. The typical transmit power of 46 dBm at the antenna connector is assumed. If the more conservative ACS rejection by the eNB Rx filters on the own eNB transmitter band is assumed, the required rejection by the victim eNB RF RX filter to meet a 6 dB receiver desensitization is will be -98 dB (46-(-52)=-98 dB) to protect the eNB receiver from its own transmit signal. This requirement is applicable to both UL pairing options.

4. Conclusions

In this paper, we have provided an analysis on the eNB Rx RF filter requirements for the UL of the proposed band, to define the 3GPP requirements in the RAN4 specifications. These requirements are applicable to both UL pairing options. Simulation must be performed to demonstrate and compare the rejection required to protect from own transmit signal for both UL pairing options. The final decision on the feasibility of the pairing option is obtained by considering the simulation results and potential impact in the cost, size, weight, and complexity of the eNB Rx filters. 
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