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1 Introduction
RF filters which support frequency bands with relatively high bandwidth to frequency ratio such as n77 and n78 are known to have a wide roll-off range near the band edges where a low out-of-band rejection ratio (< 10 dB) can be expected even beyond range 3 in current specifications definition [1]. Though most of UEs are capable of handling -20dBm out-of-band blocker in single-band operation, a potential issue on out-of-band blocking requirement for n77 and n78 pairing with a low frequency band (< 1 GHz) in CA or SUL has been identified, where the 2nd order intermodulation product generated from the low-band UL and the blocker may fall onto the n77/n78 DL carrier to cause significant sensitivity degradation. In this contribution, we provide the link analysis for an exemplary band combination to demonstrate such potential issue and propose to define a separate out-of-band blocking requirement exception for n77 and n78 pairing with a low frequency band in CA or SUL.                       
2 Discussion
The potential out-of-band blocker (OBB) issue for n77 and n78 pairing with a low frequency band (< 1 GHz) in CA or SUL can be envisioned in Figure 2-1. Owing to the wide frequency range in the band, the OBB near the band edges can be separated from the wanted signal by a frequency gap which equals to the pairing low-band (LB) UL carrier frequency. As a result, the 2nd order intermodulation product generated from the LB UL and the blocker would fall onto the wanted signal to cause sensitivity degradation.
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Figure 2-1 The potential OBB issue for (a) n77 and (b) n78 pairing with a low frequency band 
Listed below are the CA and SUL band combinations in Rel-15 which may be subjected to this potential issue.

CA_n8-n78

CA_n28-n78

SUL_n78-n81

SUL_n78-n82

SUL_n78-n83

Though in Rel-15 there is not yet seen n77 and LB pairing defined in CA or SUL, they may very well be proposed in future releases as we already have those pairing in Rel-15 EN-DC combinations as listed below.

DC_8_n77

DC_18_n77

DC_19_n77

DC_20_n77

DC_26_n77

DC_28_n77

For UEs supporting both n77 and n78, it is very likely that both bands would share the same RF front-end filter which covers the n77 band range. This may render a worst-case desensitization scenario that there is essentially no any filter rejection at range 3 OBB for n78, as illustrated in Figure 2-2.
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Figure 2-2 The worst-case OBB issue for n78 which shares the n77 RF front-end filter 
To estimate the sensitivity degradation level caused by IMD2 for the concerned band combinations under OBB, a shared antenna front-end reference architecture as shown in Figure 2-3 was assumed. Table 2-1 summarizes a set of front-end component performance parameters for IMD2 power level estimation.

	Parameter
	Value
	Unit

	n77 filter rejection for n78 OBB at Range 3 boundary
	0
	dB

	n77 filter rejection at LB
	40
	dB

	Diplexer rejection at LB
	30
	dB

	LNA IIP2
	3
	dBm

	Front-end loss
	4
	dB


Table 2-1 A set of front-end component performance parameters for IMD2 power level estimation 
Notice that the IMD2 is expected to be dominated by the LNA 2nd order nonlinearity, therefore, only LNA IIP2 is specified in the above table. 
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Figure 2-3 UE reference architecture for IMD2 power estimation for n77/n78 + LB under OBB  
Table 2-2 presents the link analysis for IMD2 and wanted signal power referred at LNA input.

	Parameter
	Value
	Unit

	LB UL power at antenna port
	23.0
	dBm

	LB UL power at diplexer output
	-7.0
	dBm

	LB UL power at n77/n78 LNA input
	-47.0
	dBm

	n77/n78 OBB power at antenna port
	-20.0
	dBm

	Worst n77/n78 OBB power at n77/n78 LNA input
	-24.0
	dBm

	Wanted signal power at n77/n78 LNA input (10 MHz, 15kHz SCS)
	-93.8
	dBm

	IMD2 power at n77/n78 LNA input
	-74.0
	dBm


Table 2-2 link analysis for IMD2 and wanted signal power referred at LNA input 
By comparing the wanted signal and IMD2 power levels and assuming QPSK SNR requirement is 0 dB, it can be deduced that an additional 20dB rejection of LB UL power or OBB power reduction is required to just pass the OBB requirement without any margin. On the other hand, the filter rejection performance data provided by component vendors were based on typical operating condition (see appendix). Therefore, we think at least 10dB margin shall be preserved to ensure a reasonable production yield.

Observation: For n77/n78 pairing with a LB in CA or SUL, an additional 30dB rejection of LB UL power or OBB power reduction at LNA input is required to pass the n77/n78 OBB requirement.          
To increase the LB UL power rejection by 30 dB, an additional high-pass filter on n77/n78 Rx path before LNA is needed which is highly undesirable as it not only adds UE implementation cost but also increases the insertion loss. To mitigate the potential OBB issue for these band combinations, we propose to allow a separate OBB exception in addition to the single-band OBB exception. The additional exception OBB power level is defined at -50 dBm, which is 30 dB below the n77/n78 OBB range 3 power level. The allowed number of exceptions for each test channel configuration is proposed as,

CEILING((CBWLB_UL + CBWn77/n78_DL) / OBB step size))

Proposal: For n77/n78 pairing with a LB in CA or SUL, a separate OBB exception is allowed in addition to the single-band OBB exception, where the additional OBB exception requirement is defined as below,
	Parameter
	Value
	Unit

	OBB power level
	-50
	dBm

	Number of exceptions
	CEILING((CBWLB_UL + CBWn77/n78_DL) / OBB step size))
	


3 Conclusion
In this contribution, we identify a potential OBB issue for n77 and n78 pairing with a low frequency band in CA or SUL and propose to allow a separate OBB exception in addition to the single-band OBB exception.  
Reference
[1] 3GPP TS 38.101-1 V15.2.0 (2018-06), sub-clause 7.6.3. 
Appendix
n77 RF filter characteristic
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n78 RF filter characteristic
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Diplexer characteristic
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