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1 Background
In this companion paper to [1] on ACS and in-band blocking we make proposals for out-of-band blocking (OOBB) requirements for sub-6 GHz operation. The OOBB is (one of) the most notorious in terms of test time. To this end, we reiterate an old proposal to increase the interferer frequency step size [2] that was originally devised for LTE CA but not agreed. We propose to adopt the principles behind this proposal for NR, which also lead to a reduced number of allowed spurious responses (decreases with increased step size).
2 Out-of-band blocking requirements 
For bands below 2.7 GHz (re-farmed LTE or NR) the out-of-band blocking (OOBB) requirements should be on par with those of LTE. The supported bandwidth is likely to be less than 40 MHz for most band unless the passband exceeds 100 MHz like B41; the standard LTE OOBB requirements also apply for the latter operating band despite the large passband. 
Under that assumption that the OOBB requirements for NR bands below 2.7 GHz are the same as those for LTE, the blocking levels and would look like in Table 1. This is also assuming that the interferer bandwidth for both the ACS and the in-band blocking requirements is 5 MHz (the IBB applying up to 15 MHz outside the passband). It is proposed to consider removal of requirements for the LTE Range 4 that were originally devised for Band V to prevent blocking from narrowband GSM interferers in the GSM850 band and later copied for Band 12 and Band 17. Admittedly, these Range 4 interferers can constitute half-duplex blockers but exceptions at the standard in-band blocker levels are allowed when spurious responses occur. 
Table 1: Out of band blocking (below 2.7 GHz)
	E-UTRA band
	Parameter
	Units 
	Frequency 

	
	
	
	Range 1
	Range 2
	Range 3

	
	PInterferer
	dBm
	-44
	-30
	-15 

(NOTE 1)

	Frequency arrangement below 2.7 GHz
	FInterferer (CW)
	MHz
	FDL_low -15 to

FDL_low -60 
	FDL_low -60 to

FDL_low -85 
	FDL_low -85 to 

1 MHz

	
	
	
	FDL_high +15 to

FDL_high + 60 
	FDL_high +60 to

FDL_high +85 
	FDL_high +85 to

+12750 MHz
(NOTE 1)

	NOTE 1:
The blocker level could be decreased for devices supporting e.g. CA/DC combinations requiring complex multiplexers with limited wideband rejection or for frequency range above 6 GHz.



It expected that many NR UEs will be CA/DC capable -- the NSA devices must be – and support band combinations of many operating bands. This may necessitate complex multiplexers/front-ends for which the wideband rejection is limited; lower blocker level for Range 3 could be considered for such UEs. A relaxation could also be considered for interferer frequencies exceeding e.g. 6 GHz. We observe that uncoordinated use of Wi-Fi in the 5 GHz band could potentially produce blocker levels up to 0 dBm at the antenna port of a lower band (15 dBm Wi-Fi output power and 15 dB antenna isolation).
Proposal 1: for NR bands below 2.7 GHz, the out-of-band blocker levels and interferer frequency ranges should be the same as those for LTE (assuming in-band blocking requirements applicable 15 MHz above/below the DL band).
The wanted signal power levels should be the same those for the in-band blocking requirements for the corresponding channel bandwidth, see Table 2.
Table 2: Out of band blocking parameters (below 2.7 GHz)
	Rx parameter
	Units 
	Channel bandwidth

	
	
	5 MHz 
	10 MHz
	15 MHz
	20 MHz
	25 MHz
	40 MHz

	Power in Transmission Bandwidth Configuration
	dBm
	REFSENS + channel bandwidth specific value below

	
	
	The same power offset as for the in-band blocking requirements for the corresponding channel bandwidth


NR band above 3.3 GHz will have larger passbands, and together with the absolute frequency range band specific OOBB requirements are motivated for these bands. Exceptions to the requirements may also be allowed for UE(s) supporting specific band combinations like the relaxation allowed for the Band 42 and Band 43 combination: e.g. for simultaneous support of Band n77 and Band n79. 
The interferer frequency offset and the applicability of the blocker level also depend on the in-band blocking requirements: for above 3.3 GHz operation it indeed relevant to consider wider interferer bandwidth for ACS) and IB, which implies that the out-of-band blocking requirements apply at a larger frequency separation from the DL band. The blocker levels in Table 3 are only indicative (the interferer frequency offsets still TBD).
Table 3: Out of band blocking (above 2.7 GHz)
	E-UTRA band
	Parameter
	Units 
	Frequency 

	
	
	
	Range 1
	Range 2
	Range 3

	
	PInterferer
	dBm
	-44
	-30
	[-20] 

(NOTE 1)

	n77,n79
	FInterferer (CW)
	MHz
	FDL_low - TBD to

FDL_low - TBD 
	FDL_low - TBD to

FDL_low - TBD
	FDL_low - TBD to

FDL_low - TBD

	
	
	
	FDL_low - TBD to

FDL_low - TBD
	FDL_low - TBD to

FDL_low - TBD
	FDL_low - TBD to

FDL_low - TBD

	
	PInterferer
	dBm
	-44
	-30
	[-15] 

(NOTE 1)

	n78
	FInterferer (CW)
	MHz
	FDL_low - TBD to

FDL_low - TBD
	FDL_low - TBD to

FDL_low - TBD
	FDL_low - TBD to

FDL_low - TBD

	
	
	
	FDL_low - TBD to

FDL_low - TBD
	FDL_low - TBD to

FDL_low - TBD
	FDL_low - TBD to

FDL_low - TBD

	
	
	
	
	
	

	NOTE 1:
Exceptions to these blocker levels considered for specific band combinations. A lower blocker level may be considered for interferer frequencies above 6 GHz. 




Proposal 2: for NR bands above 3.3 GHz, both the out-of-band blocker levels and interferer frequency ranges may be band specific and account for UE support of specific band combinations above 3.3 GHz.
3 Increase step size to reduce test time
One way to reduce the test time is to increase the step size. The step size could be chosen proportional to the receive bandwidth such that any spurious response falls within it, but still be limited such that selectivity is verified appropriately. This would be analogous to the 200 kHz step size for GSM and the larger 1 MHz step for UTRA with its wider bandwidth.  
The OOBB is verified with an applied CW interferer and the own uplink allocated according to the reference sensitivity test. The spurious responses due to e.g. intermodulation of the lowest order (IM2 and IM3) are generated by intermodulation with the own transmitter or with other internal signals in the transmitter such as the LO harmonics (harmonic mixing). A spurious response may e.g. occur when ±fCW ± fother or ±2fCW ± fother or ±fCW ± 2fother falls within or near the receive channel, where fCW is the interferer frequency and fother the frequency of the own transmitter, other internal signals or multiples of these. Using the 1 MHz step size means that inter-modulation products will be stepped though the DL passband when spurious responses occur, the number of responses experienced within a channel bandwidth depends on the order of the inter-modulation product or harmonic.
The step size should be chosen such that at least one response among the “usual suspects” is captured within the DL band. Suppose the step size is chosen as
(3.1)
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then any spurious response due to intermodulation of the lowest order will be captured within the receive bandwidth while minimizing the step size to 1 MHz. The resulting step sizes are shown in Table 4 (the 3 MHz bandwidth is not assumed for any NR band but included as the only example of a bandwidth requiring a 1 MHz step size).
Table 4: step size for OOBB test

	NR Channel Bandwidth [MHz]
	Step size [MHz]

	3
	1

	5
	2

	≥ 10 
	5


The step size is smaller than or equal to 5 MHz, which means that any spurious response frequency would change by 10 MHz at most (for IM3) if the interferer frequency fCW is increased or decreased one step, so as to make sure the response is captured for bandwidths ≥ 10 MHz.  
The step size is upper-bounded to 5 MHz to ensure that the selectivity is verified with sufficient granularity. 

Looking ahead at inter-band carrier aggregation, the OOBB blocking requirement will be verified with both downlink bands active and the uplink active in either of these two. BWChannel in (3.1) is then the smallest bandwidth of the bandwidth combination under test, e.g. 5 MHz for a 5 MHz + 10 MHz bandwidth combination. 
The test time for any bandwidth combination with constituent bandwidths larger or equal to 5 MHz will be reduced by at least 50% compared to a Rel-8 test of one carrier bandwidth. 

Proposal 3: the frequency step size for OOBB verification shall be larger than 1 MHz and proportional to the bandwidth of the channel under test.

4 Exceptions for spurious response
For Rel-8 
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exceptions are allowed for frequency ranges 1-3. The number 24 is taken from the UTRA specification and used as a lower bound for E-UTRA. 24 occurrences are also allowed for GSM.
For NR in accordance with Proposal 3, we first scale the number of exceptions with the larger step size for each downlink band tested:
(4.1)
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as fewer exceptions are generated as the intermodulation product traverses the receive band, and then keep the 24 occurrences as a lower bound consistent with LTE. The number of exceptions is shown in Table 5 without the lower bound of 24 occurrences for Rel-8. 
Table 5: occurrences for spurious response
	Channel Bandwidth [MHz]
	Exceptions for Rel-8 without lower bound
	Exceptions according to (4.1) for NR
	Step size for NR 

[MHz]

	3
	18
	18
	1

	5
	30
	18
	2

	10
	54
	12
	5

	15
	78
	18
	5

	20
	102
	24
	5


Keeping the lower bound of 24 for NR, we simply obtain 
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occurrences for all carrier bandwidths with a step size according to (3.1).
Proposal 4: the allowed number of spurious responses is reduced in accordance with the increased step size. 
5 Proposal
We make the following proposals:
Proposal 1: for NR bands below 2.7 GHz, the out-of-band blocker levels and interferer frequency ranges should be the same as those for LTE (assuming in-band blocking requirements applicable 15 MHz above/below the DL band).
Proposal 2: for NR bands above 3.3 GHz, both the out-of-band blocker levels and interferer frequency ranges may be band specific and account for UE support of specific band combinations above 3.3 GHz.
Proposal 3: the frequency step size for OOBB verification shall be larger than 1 MHz and proportional to the bandwidth of the channel under test.
Proposal 4: the allowed number of spurious responses is reduced in accordance with the increased step size. 
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