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1	Introduction 
[bookmark: _Hlk85036404]RAN4 has been investigating Self-interference in SBFD operation. In FR1 BS, the possibility to suppress DL Tx signal by implementing BPF in receiver block was analysed. And in RAN4-#108, several delegates commented that temperature dependence and individual variation should be considered [1]. So this contribution shows the influence of temperature dependence of the blocking filter.

2	Discussion
Based on the analysis in RAN4, the target performance of filter was set as follows. And Q-factor was assumed as 2,000.

Table 2-1. Analysis condition of blocking filter
	Item
	Specification
	Note

	Carrier frequency
	3.5GHz
	

	SBFD configuration
	DUD(40-20-40MHz)
	

	Guardband
	5PRB
	1.8MHz

	Attenuation
	> 25dB
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Figure 2-1. Simulation result of blocking filter(guardband=5PRB)

In order to achieve 25dB attenuation, the insertion loss of band edge is 10.9dB, in-band deviation is 8.7dB, it is clearly too worse. 

As showed in Figure 2.2, in case of expanding the guard band to 5MHz, possible to achieve > 25dB attenuation and < 3dB insertion loss. And the in-band deviation is 1.5dB. If it is implemented after the 1st stage LNA, the insertion loss is not a problem as the effect on receiver sensitivity is small. But this result is not including the influence of temperature dependence and individual variation.
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Figure 2-2. Simulation result of blocking filter(guardband=5MHz)

Observation 1:	If the guard band is expanded from 5PRB to 5MHz, possible to achieve > 25dB attenuation and < 3dB insertion loss with Q-factor 2,000 blocking filter. But it is not including the influence of temperature dependence and individual variation.

To use analogue filter, temperature dependence and individual variation should be considered. Since individual variation relates to the manufacturing process, it will not be discussed here, but it is possible to investigate the impact of temperature dependence.

Generally, TCF (Temperature Coefficients of Frequency) of conventional SAW filter is about -40 ppm/℃, and TCF of BAW filter is -20 to 30 ppm/℃. Of course, the filter which improved TCF is exist. For example, TCF = -8 ppm/℃ was presented for a high-performance filter [2]. But considering versatility, at least 20 ppm/℃ TCF should be considered.

Observation 2:	TCF (Temperature Coefficients of Frequency) of conventional filter is -40 to 20 ppm/℃. Some filters with good performance have achieved 8ppm/℃.
Observation 3:	Considering versatility, at least 20 ppm/℃ TCF should be considered to investigate the impact of temperature dependence of filter.

Then, how much the filter frequency shift was analysed for the best TCF of -8ppm/℃ and the general case of -20ppm/℃. The temperature range was set as -40 to +85℃.
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Figure 2-3. Temperature dependence of blocking filter.




Table 2-2 Temperature dependence of insertion loss and attenuation.
	
	TCF = -8 [ppm/℃]
	TCF = -20 [ppm/℃]

	Temperature
	-40℃
	+85℃
	-40℃
	+85℃

	Insertion loss
	< 4.9 dB
	< 5.2dB
	< 24.1dB
	< 20.5dB

	Attenuation
	> 11. 5dB
	> 12.6dB
	> 3.5 dB
	> 3.2dB



Presented as the above, even if TCF = -8 ppm/℃, insertion loss degrades to 5dB and attenuation degrades to 12dB. And in case of TCF = -20 ppm/℃, it is not possible to expect filter function. Furthermore, the above result does not include the device individual variation. Thus, it is difficult to suppress interference of DL Tx signal by implementing BPF in RF front end.

Observation 4:	In case of TCF = -20 ppm/℃, it is not possible to expect blocking for SBFD. Thus, it is difficult to suppress interference of DL Tx signal by implementing BPF in RF front end.

3	Conclusion
This contribution provides our view and proposal on the temperature dependence of analogue filter for FR1 BS.

Observation 1:	If the guard band is expanded from 5PRB to 5MHz, possible to achieve > 25dB attenuation and < 3dB insertion loss with Q-factor 2,000 blocking filter. But it is not including the influence of temperature dependence and individual variation.
Observation 2:	TCF (Temperature Coefficients of Frequency) of conventional filter is -40 to 20 ppm/℃. Some filters with good performance have achieved 8 ppm/℃.
Observation 3:	Considering versatility, at least 20 ppm/℃ TCF should be considered to investigate the impact of temperature dependence of filter.
Observation 4:	In case of TCF = -20 ppm/℃, it is not possible to expect blocking for SBFD. Thus, it is difficult to suppress interference of DL Tx signal by implementing BPF in RF front end.
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