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1. Introduction

In RAN4#86 meeting it was discussed whether the requirement of out-of-band blocking for FR2 should be defined. One of the main concerns is the significant testing time that this requirement will add to the device evaluation. Testing time is already a major problem in NR due to the increased CA band combinations and wider channel bandwidths. This paper provides an analysis of the potential testing time required if out-band-blocking is defined for FR2.

2. Discussion
Background
During RAN4#86 meeting the following table was proposed in [1] as a minimum requirement definition of OBB level similar the in-band blocking minimum requirement.
Table 1. Out-of-band blocking minimum requirements.

	Rx parameter
	Units 
	Channel bandwidth

	
	
	50 MHz 
	100 MHz
	200 MHz
	400 MHz

	Power in Transmission Bandwidth Configuration
	dBm
	REFSENS + 14dB


	BWInterferer
	MHz
	50
	100
	200
	400

	PInterferer
	dBm
	REFSENS + 41
	REFSENS + 41
	REFSENS + 41
	REFSENS + 41

	FInterferer
	MHz
	FOOBB_low + 25

to 
FOOBB_high - 25


	FOOBB_low + 50
to 
FOOBB_high - 50

	FOOBB_low + 100
to 
FOOBB_high - 100

	
FOOBB_low + 200
to 
FOOBB_low - 200


	NOTE 1:
The interferer consists of the Reference measurement channel specified in Annex A.X.X with one sided dynamic OCNG Pattern as described in Annex A.X.X.X and set-up according to Annex C.X.X.

NOTE 2:
The REFSENS power level is specified in Table 7.X.X.X.

NOTE 3:
The wanted signal consists of the reference measurement channel specified in Annex A.X.X (QPSK, R=X/X) with one sided dynamic OCNG pattern as described in Annex A.X.X.X and set-up according to Annex C.X.X

NOTE 4:
The absolute value of the interferer offset FInterferer (offset) shall be further adjusted to [image: image2.png](N Finrerfererd] /SCS] + 0.5)SCS



 MHz with SCS the sub-carrier spacing of the wanted signal in MHz. Wanted and interferer signal have same SCS.
NOTE 5:   FOOBB_low and FOOBB_high are defined in Table 2.


Out-of-Band Blocking Measurement
This subsection provides a high level explanation of the potential out-band-blocking measurement. Measurement can be done by connecting a vector signal generator and base station simulator to a power combiner. The primary vector signal generator produces the reference signal for the receiver to demodulate. The reference signal should be 14 dB above the reference sensitivity level of the receiver for all bandwidths.

	
	Channel Bandwidth

	
	50 MHz
	100 MHz
	200 MHz
	400 MHz

	Power of
 Reference Signal
	REFSENS + 14 dB


· The interferer signal generator produces a blocking signal and considering the frequency offset below, the power level and frequency offset for the out-band blocking characteristics can be represented as in Figure 1.
· For single carrier: Below FDL_low-2∙BW and above FDL_high+2∙BW.

· For intra-band contiguous CA: Below FDL_low-2∙BWagg and above FDL_high+2∙BWagg

· For intra-band non-contiguous CA: Below FDL_low-2∙BWmax and above FDL_high+2∙BWmax
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Figure 1: Example of out-of-band blocking characteristic considering band n260
Since the target is to reduce the number of test cases due to the already high testing time, we are considering only the mmWave bands as possible interferer as shown in the table below:
	NR Band
	n257 -  interferer 
	n258 -  interferer 
	n260 - interferer 

	n257
	N.A
	CBW [MHz] = 50, 100 , 200 , 400
	CBW [MHz] = 50, 100 , 200 , 400

	n258
	CBW [MHz] = 50, 100 , 200 , 400
	N.A
	CBW [MHz] = 50, 100 , 200 , 400

	n260
	CBW [MHz] = 50, 100 , 200 , 400
	CBW [MHz] = 50, 100 , 200 , 400
	N.A


Observation 1:
The target is to reduce the number of test cases due to the already high testing time, thus we are considering only the mmWave bands as possible interferers.
Similar to in-band blocking a modulated interference signal would be used at a range of different frequency offsets. In Table 1 the wanted signal is considered within the three mmWave bands n257, n258 and n260. Each wanted signal has as interferer the remaining two mmWave bands, as for example the wanted signal n260 has as interferer signal n257 and n258. Each of the interferer signal and wanted signal combination must be measured for each bandwidth (BW_i) in FR2, from 50 MHz up to 400 MHz. FOBB_low and FOBB_high are the frequency for the out-of-band blocker requirement. Fint_Low and Fint_High are the interferer frequency. The results of the number of points is given by subtracting Fint_Low to Fint_High and dividing the amount to the frequency step, which in this case 10 MHz steps were assumed.
Table 1: Calculation of required number of points for Out-of-band Blocking Measurement
	Wanted signal
	n260
	n258
	n257

	Interferer Signal
	 n257
	 n258
	n257
	 n260
	n258
	n260

	Bw_n [MHz]
	50
	50
	50
	50
	50
	50

	FOBB_Low [MHz]
	26500
	24250
	27600
	37000
	24250
	37000

	FOBB_High [MHz]
	29500
	27500
	29500
	40000
	26400
	40000

	Fint_Low [MHz]
	26525
	24275
	27625
	37025
	24275
	37025

	Fint_High [MHz]
	29450
	27475
	29475
	39975
	26375
	39975

	# of points
	293.5
	321
	186
	296
	211
	296

	 
	 
	 
	 
	 
	 
	 

	Bw_n [MHz]
	100
	100
	100
	100
	100
	100

	FOBB_Low [MHz]
	26500
	24250
	27700
	37000
	24250
	37000

	FOBB_High [MHz]
	29500
	27500
	29500
	40000
	26300
	40000

	Fint_Low [MHz]
	26550
	24300
	27750
	37050
	24300
	37050

	Fint_High [MHz]
	29450
	27450
	29450
	39950
	26250
	39950

	# of points
	291
	316
	171
	291
	196
	291

	 
	 
	 
	 
	 
	 
	 

	Bw_n [MHz]
	200
	200
	200
	200
	200
	200

	FOBB_Low [MHz]
	26500
	24250
	27900
	37000
	24250
	37000

	FOBB_High [MHz]
	29500
	27500
	29500
	40000
	26100
	40000

	Fint_Low [MHz]
	26600
	24650
	28000
	37100
	24350
	37100

	Fint_High [MHz]
	29400
	27400
	29400
	39900
	26000
	39900

	# of points
	281
	276
	141
	281
	166
	281

	 
	 
	 
	 
	 
	 
	 

	Bw_n [MHz]
	400
	400
	400
	400
	400
	400

	FOBB_Low [MHz]
	26500
	24250
	28300
	37000
	24250
	37000

	FOBB_High [MHz]
	29500
	27500
	29500
	40000
	25700
	40000

	Fint_Low [MHz]
	26700
	25050
	28500
	37200
	24450
	37200

	Fint_High [MHz]
	28700
	26700
	29300
	39800
	25500
	39800

	# of points
	201
	166
	81
	261
	106
	261


For the case where the wanted signal is n260 band and the interferer signal is n257 and n258 bands. There is a partial overlap between the bands n257 and n258 from frequency 26 500 MHz to 27 500 MHz. Due to this overlap within the 1000 MHz the measurement points are considered twice. Therefore a subtraction of 100 points per each bandwidth - considering the same frequency step of 10 MHz - will be applied in the equation below for the evaluation of the testing time.
Testing time calculation

The testing time calculation takes into account the number of points given in Table1 for the BWs 50, 100, 200 and 400 MHz. In the first equation [image: image5.png]


 is the number of points given in Table 1 and [image: image7.png]


 are the repeated points when interferer signal is n257 and n258.  [image: image9.png]Interfereryomnes



 is the result of the total number of points for the interferer frequencies
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In the second equation [image: image13.png]


 refers to the number of in-band channels, [image: image15.png]


 is the number of SCS to be considered and [image: image17.png]freqsens



 is the frequency steps in the measurement. We assume only one beam, 10 MHz for the frequency steps, full allocation of RBs and the measurement is conducted for low, mid and high for the in-band channels. Additionally we consider two SCS (i.e. 60 kHz and 120 kHz). Thus the second equation can be calculated as follows:
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It must be noted that the calculation considers an ideal case of 1 second per measured point resulting in approximately over 8 hours. In reality the duration of measurement per point may vary between 1 to 10 seconds per point resulting in an additional time of up to 80 hours for the out of band blocking measurement. 
Observation 2:
The duration of measurement per point may vary between 1 to 10 seconds per point resulting in an additional time of up to 80 hours for the out of band blocking measurement per device.
In this paper we provided the expected additional testing time that the out-of-band blocking measurement will required. Therefore, we propose not to define of out-of-band blocking requirement for FR2:
Proposal: 
No definition of the out-of-band blocking requirement for FR2
3. Conclusions
In this contribution we focused on the analysis of the testing time for the out-of-band blocking requirement. . Based on this analysis we have made the following observations and proposal: 
Observation 1:
The target is to reduce the number of test cases due to the already high testing time, thus we are considering only the mmWave bands as possible interferer.

Observation 2:
The duration of measurement per point may vary between 1 to 10 seconds per point resulting in an additional time of up to 80 hours for the out of band blocking measurement per device.
Proposal: 
No definition of the out-of-band blocking requirement for FR2
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