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Introduction

The issue on out-of-band blocking (OBB) requirement for n77 and n78 pairing with a low frequency band (< 1 GHz) in CA or SUL due to the 2nd order intermodulation product generated from the low-band UL and the blocker which may fall onto the n77/n78 DL carrier to cause significant sensitivity degradation has been brought up in [1]. To mitigate this issue, a separate OBB exception in addition to the general exceptions for spurious response has been defined in the current technical specifications TS 38.101-1 [2]. In last RAN4 meeting, a draft CR was proposed to remove this exception for the combinations with n78 [3], based on the assessment that UE supporting n78 does not necessarily support n77. However, the counter argument was that even with n78 filter, the rejection into and above n77 frequency range was still quite minimal. To further highlight this potential issue, in this contribution, we provide both n78 and n77 filter data from a few component vendors. Based on these filter data and our link budget analysis, we think there is sufficient technical justification to preserve this exception in the spec. In addition, we think the same exception should also apply to the similar combinations with n79 and the EN-DC counterparts.                             
                  
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 illustrated 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.




Figure 2-1 The potential OBB issue for (a) n77 and (b) n78 pairing with a low frequency band 
To quantify this IMD2 desensitization issue, we have re-performed link analysis based on the typical UE RF parameters as summarized in Table 2-1 and the filter data collected from a few component vendors as summarized in Table 2-2 and Table 2-3 for n78 and n77, respectively. Notice that the IMD2 is expected to be dominated by the LNA 2nd order nonlinearity, therefore, only LNA IIP2 is specified in the table below.

	Parameter
	Value
	Comment

	Front-end Loss (dB)
	4
	 

	Diplexer Rejection at LB (dB)
	20
	Shared antenna architecture assumed

	LB UL Power under OBB (dBm), PLB_UL
	19
	Referred to antenna port (4 dB below PCMAX_L,f,c)

	n78 Filter Rejection at LB (dB)
	32
	See Table 2-2

	LNA IP2 (dBm)
	7
	Referred to antenna port

	Pw (dBm)
	-89.8
	REFSENS + 6 dB for n78 CBW = 10 MHz, SCS = 15 kHz

	SNR Requirement (dB)
	-1
	QPSK



Table 2-1 Typical UE RF parameters for IMD2 link analysis 

	n78 Filter
	IL (dB)
	Rejection (dB) in MHz Frequency Range

	
	
	< 2700
	2700 - 3150
	3900 - 4000
	4000 - 4100
	4100 - 4200
	4200 - 4300
	4300 - 4400
	4400 - 5000

	Vendor A
	1.54 (typ)
	46.5 (typ)
	N/A
	0.2 (typ)
	5.4 (typ)
	5.4 (typ)
	N/A
	N/A
	N/A

	Vendor B
	1.25 (max)
	32 (min)
	1.5 (typ)
	N/A
	 
	4.1 (typ)
	4.1 (typ)
	7 (min)
	N/A

	Vendor C - 1
	1.8 (max)
	32 (min)
	N/A
	18 (min)
	18 (min)
	18 (min)
	N/A
	N/A
	23 (min)

	Vendor C - 2
	2.5 (max)
	34 (min)
	N/A
	19 (min)
	19 (min)
	19 (min)
	N/A
	N/A
	36 (min)



Table 2-2 Collective n78 filter data from component vendors

	 n77 Filter
	IL (dB)
	Rejection (dB) in MHz Frequency Range
	

	
	
	< 2700
	2700 - 3050
	4450 - 4900
	4900 - 5925
	5150 - 5850

	 Vendor X
	1.25 (typ)
	44 (typ)
	5.4 (typ)
	2.9 (typ)
	39.7 (typ)
	N/A

	 Vendor Y
	1.90 (max)
	40 (min)
	N/A
	N/A
	N/A
	20 (min)



Table 2-2 Collective n77 filter data from component vendors

To pass the OBB requirement, the resultant IMD2 power level shall not exceed the wanted signal power level (Pw), that is,

PIMD2 = PLB_UL – 32dB – 20dB + Pblocker – IP2LNA ≤ -89.8 dBm

or equivalently,

Pblocker ≤ -89.8 dBm – 19 dBm + 32 dB + 20 dB + 7 dBm = -49.8 dBm

Which means the blocker power level needs to be lower than -49.8 dBm if n78 filter does not provide any rejection in the OBB frequency range.   

Observation 1: For UE to pass OBB requirement, the blocker level needs to be lower than -49.8 dBm if n78 filter does not provide any rejection in the OBB frequency range.  
Based on the n78 filter data as summarized in Table 2-2, it can be seen that for Vendor A and Vendor B, the filters virtually do not provide any rejection even to up 4300 MHz and down to 2700 MHz. For Vendor C, although the filters can provide 18 dB or more rejection at above 4000 MHz, it is at the cost of higher in-band insertion loss. On the other hand, even with 18dB OBB rejection, according to the above calculation, it is still not sufficient to pass both range 2 and range 3 OBB requirements where the blocker level is specified at -30 dBm and -15 dBm respectively.  

Observation 2: Some n78 filters virtually do not provide any out-of-band rejection for frequency range up to 4300 MHz and down to 2700 MHz.

Observation 3: For n78 filters which provide 18 dB or more rejection at above 4000 MHz, they are associated with higher in-band insertion loss.

Observation 4: Even with 18dB OBB rejection, it is still not sufficient to pass both range 2 and range 3 OBB requirements where the blocker level is specified at -30 dBm and -15 dBm respectively.    

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. In this case, there is virtually no out-of-band rejection for frequency range up 4900 MHz and down to 2700 MHz.

Observation 5: For UEs supporting both n77 and n78 and share a common n77 filter, there is virtually no out-of-band rejection for frequency range up 4900 MHz and down to 2700 MHz.

Based on the above assessment, we think there is sufficient technical justification to preserve this exception in the spec. We also think it would not be reasonable to force a UE to use a higher cost or more filter components to simply pass the artificially engineered OBB requirement without exceptions where the blocking condition may not exist in real field and yet such filters may render higher insertion loss.     

Observation 6: It would not be reasonable to force a UE to use a higher cost or more filter components to simply pass the artificially engineered OBB requirement without exceptions where the blocking condition may not exist in real field and yet such filters may render higher insertion loss.

In addition to the combinations with low frequency bands pairing with n77 and n78, we also think this exception should apply for the combinations with low frequency bands pairing with n79 as n79 has wider frequency range than n78 and is expected to have similar out-of-band filter rejection characteristic with n77 and n78.

Proposal 1: The proposed OBB exception also applies to the combinations with low frequency bands pairing with n79. 

The proposed OBB exception should also apply to the similar inter-band EN-DC combinations when NR band OBB is tested with E-UTRA UL carrier output power set to 4dB below PCMAX_L to complete the specifications work.   

Proposal 2: The proposed OBB exception should also apply to the similar inter-band EN-DC combinations when NR band OBB is tested.

Proposal 3: The following CA, SUL, and EN-DC combinations should be included in the OBB exception band combination list in Rel-15 technical specifications. 

CA_n8-n78
CA_n28-n78
CA_n8-n79

SUL_n78-n81
SUL_n78-n82
SUL_n78-n83
SUL_n79-n81

DC_5_n78
DC_8_n77
DC_8_n78
DC_8_n79
DC_11_n77
DC_18_n77
DC_18_n78
DC_18_n79
DC_19_n77
DC_19_n78
DC_19_n79
DC_20_n77
DC_20_n78
DC_21_n77
DC_26_n77
DC_26_n78
DC_26_n79
DC_28_n77
DC_28_n78
DC_28_n79
  
The OBB exception defined in the current technical specifications [2] only considers the blocker above the upper band edge. However, the IMD2 issue can also occur for blocker located below the lower band edge. Therefore, the formula in the NOTE 1 should be modified as below.

Table 7.6A.3.3-2: Requirement for out-of-band blocking exceptions
	
Parameter
	Unit
	Level

	PInterferer (CW)
	dBm
	-501

	NOTE 1: The requirement applies when , where  and  are the carrier frequencies for lower frequency band UL and higher frequency band DL, respectively. and are the channel bandwidths configured for lower frequency band UL carrier and higher frequency band DL carrier in MHz, respectively.



Proposal 4: The proposed OBB exception should consider both the blocker above the upper band edge and below the lower band edge.   

To address the above proposed changes, the corresponding draft CRs will be submitted to complete the specifications work for the intended OBB exception requirement. 
Conclusion

In this contribution, we provide further technical justification on the need of additional OBB exception requirement for the band combinations having n77/n78/n79 paring with a low frequency band.    
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