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1. Introduction
Proposed blocking definition for 5G NR sub-6. As BWs are much larger for NR and spectral utilization is different, the definition for In-Band Blocking (IBB) is proposed to be different to LTE.  For 5G NR sub-6 IBB, the proposal is to keep the wanted BW and the jammer BW the same for all BWs – consistent with approved ACS requirement (3).  This makes the frequency offset above/below, FDL_low/ FDL_high, different to LTE and range dependent on CBW.   OBB is CW and changes due to the additional wider BWs in NR and the frequency offset above/below, FDL_low/ FDL_high - same as IBB.  
NR bands are > 3GHz , examples include n77, n78 & n79 and this NR specification applies.  LTE bands exist > 3 GHz, examples include B42 & B43 and should they be reused for NR, they will be considered re-farmed bands and the re-farmed specification applies.

There are multiple editors and contributions for this update (4, 5, 6)

The changes for this paper compared to Nagoya(7); IBB square brackets removed,…
In meeting #84Bis, this paper was not approved and further discussion occurred via email on ACS, IBB and OBB.  However, it now seems that agreement has been reached at least for ACS and IBB that jammer BW is same as CBW.  The only open item is OBB.  The following includes further proposal for OBB
2. LTE IBB updated

Proposed ACS (1) and IBB Sub-6 jammers and wanted signal definition for 100 Mhz BW in Figure 2.  ACS is allocated wanted. The offset location does not change for case 2.
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Figure 1: ACS and IBB offset for 100 MHz sub-6

3. Proposed IBB Limits and Definition.

Other than the jammer BW the same as the wanted BW, the case 2 offset is to change as for OBB the offset range has changed – to be consistent IBB offset needs to end where OBB starts. 
Table 1: IBB Setup
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NOTE 2: The absolute value of the interferer offset Finterferer (offset) shall be further adjusted to 

MHz with SCS the sub-carrier spacing of the wanted signal in MHz.
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NOTE 3: The interferer consists of the Reference measurement channel specified in TBD

NOTE 4: The REFSENS power level is specified in TBD for two and four antenna ports, respectively.
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Table 2: Test parameters for IBB, Case 1 & Case 2
	NR Band
	Parameter
	Unit
	Case 1
	Case 2
	Case 3
	Case 4
	Case 5

	n77, n78, n79
	PInterferer
	dBm
	[-56]
	[-44]
	Void
	Void
	Void

	
	FInterferer (offset)
	MHz
	=-BW/2 – FIoffset,case 1
	≤-BW/2 – FIoffset,case 2
	
	
	

	
	
	
	&
	&
	
	
	

	
	
	
	=+BW/2 + FIoffset,case 1
	≥+BW/2 + FIoffset,case 2
	
	
	

	
	FInterferer
	MHz
	(NOTE 2)
	FDL_low – 3 x CBW
	
	
	

	
	
	
	
	to
	
	
	

	
	
	
	
	FDL_high + 3xCBW
	
	
	

	NOTE 1: For certain bands, the unwanted modulated interfering signal may not fall inside the UE receive band, but within +/-  3xCBW below or above the UE receive band.

	NOTE 2: For each carrier frequency the requirement is valid for two frequencies: 

	a. the carrier frequency -BW/2 - FIoffset, case 1 and

	b. the carrier frequency +BW/2 + FIoffset, case 1

	NOTE 3: FInterferer range values for unwanted modulated interfering signal are interferer center frequencies 


Proposal 1:  IBB Limits updated in Table 1 & 2.

4.  Filter Technology
Up to now all the OOB requirements have been based on ceramic filter technology, filters which are basically too big – particularly too high.  Most UEs use front-end modules with filters included and hence there is a number of restrictions on the size of the filters.  In 4G UEs, filtering was predominantly SAW based which can be made very small.  However due to fractional BW requirements for NR, SAW is not appropriate.  Hence other technologies such as ceramic and passive structures can meet the high fractional BW requirements for NR.  The problem with all ceramic options to date, the filters are too large. It would not be uncommon for a module vendor to restrict the maximum height of components < 0.5 mm
	
	Vendor A
	Vendor B

	Technology
	Ceramic
	Ceramic

	Band
	n77/n79
	n77/n79

	Size mm
	1.25x2.00x0.65 (0805)
	1.25x2.00x0.65 (0805)


One other filter technology is passive structures (Ls & Cs) and although these can be made smaller than current ceramic designs, the don’t have the same performance.  In particular for a number of reason (Q, tolerances, temp) passive filter response tends to be broader than equivalent ceramic types.
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Figure 2: Profile of passive vs ceramic filters, blue is passive and red ceramic

Hence including a passive filter structure requires relaxing the out of band rejection requirements for NR.  Passive structures can be made smaller than current ceramic filters from vendors – maximum heights of 0.3mm are possible.  If ceramic vendors design filters that are smaller, it is likely the performance will also degrade.  Hence relaxing the OBB filtering requirements to allow for passive structures makes a lot of sense
5. Out of Band Blocking (OBB)

Table 3: Blocking Parameters
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REFSENS + channel bandwidth specific value below

NOTE 2: Reference measurement channel is specified TBD

NOTE 3: The REFSENS power level is specified in TBD for two and four antenna ports, respectively. 
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NOTE 1: The transmitter shall be set to 4dB below P
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 at the minimum uplink configuration specified TBD with P
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 as defined in subclause 6.2.5.


Based on the passive structure filter and minimum rejection requirements for the transceiver  table 4 proposes OBB requirements.  The following comments and notes refer to Table 4:

· The -20 dBm OBB extended allow for cobanding of n78 and n79.  

· The power level of the interferer (PInterferer) for Range 3 shall be modified to -20 dBm, for FInterferer > 2700 MHz and FInterferer < 4800 MHz.
· The power level of the interferer (PInterferer) for Range 3 shall be modified to -20 dBm, for FInterferer > 3650 MHz and FInterferer < 5750 MHz. 

 Table 4: Out of Band Blocking limits

	E-UTRA band
	Parameter
	Units 
	Frequency 

	
	
	
	Range 1
	Range 2
	Range 3
	Range 4

	
	PInterferer
	dBm
	-44
	-30
	-15
	-15

	1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 30, 31, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42 (NOTE 2), 43 (NOTE 2), 44, 45, 48 (NOTE 2), 65, 66, 68, 70
	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
	-

	2, 5, 12, 17
	FInterferer
	MHz
	-
	-
	-
	FUL_low - FUL_high
(NOTE 5)

	n77(NOTE 5), n78 (NOTE 5), n79 (NOTE 6)
	FInterferer (CW)
	MHz
	FDL_low - 3*CBW to
	FDL_low - 400 to
	FDL_low - 600
	

	
	
	
	FDL_low -400
	FDL_low - 600
	1 MHz
	

	
	
	
	FDL_high + 3*CBW to
	FDL_high +400 to
	FDL_high +600 to
	

	
	
	
	FDL_high + 400
	FDL_high +600
	+12750 MHz
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	NOTE 1:
For the UE which supports both Band 11 and Band 21 the out of blocking is FFS. 

NOTE 2:
The power level of the interferer (PInterferer) for Range 3 shall be modified to -20 dBm, for FInterferer > 2800 MHz and FInterferer < 4400 MHz.

NOTE 3:
For the UE that supports both Band 4 and Band 66, the out-of-blocking frequency range for Band 4 is defined relative to FDL_low and FDL_high of Band 66.

NOTE 4:
For a UE supporting CA_20A-28A the requirements for Band 20 and Band 28 apply with FDL_low  given by the lower limit of the restricted operating frequency range in Band 28 and FDL_high  by Band 20 (Table 
NOTE 5; The power level of the interferer (PInterferer) for Range 3 shall be modified to -20 dBm, for FInterferer > 2700 MHz and FInterferer < 4800 MHz.

NOTE 6: The power level of the interferer (PInterferer) for Range 3 shall be modified to -20 dBm, for FInterferer > 3650 MHz and FInterferer < 5750 MHz.
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6. Text Proposal

The following is the text proposal for OBB.
7.6.2
Out of Band Blocking

Out-of-band band blocking is defined for an unwanted CW interfering signal falling outside the UE receive band by an offset region (defined in Table 7.6.2.1-2 and Table 7.6.2.2-2) below or above the UE receive band at which the relative throughput shall meet or exceed the minimum requirement for the specified measurement channels.  In the offset region below or above the UE receive band the appropriate in-band blocking or adjacent channel selectivity in sub-clause 7.5.1 and sub-clause 7.6.1 shall apply.
Table 7.6.2-1: Out of Band Blocking Parameters
 1 

	Operating band
	Rx Parameter
	Units 
	Channel bandwidth

	
	
	
	5MHz
	10MHz
	15MHz
	20MHz
	25 MHz
	40 MHz
	50MHz
	60 MHz

	1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 30, 31, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42 43, 44, 45, 48, 65, 66, 68, 70

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

	
	
	
	6
	6
	7
	9
	10
	12
	13
	14

	
	SCS=15kHz
	 
	5
	10
	15
	20
	NA
	NA
	NA
	NA

	
	SCS=30kHz
	 
	NA
	NA
	NA
	NA
	25
	40
	50
	NA

	
	SCS=60kHz
	 
	NA
	NA
	NA
	NA
	NA
	NA
	NA
	60

	NOTE 1: The transmitter shall be set to 4dB below PCMAX_L at the minimum uplink configuration specified TBD with PCMAX_L as defined in subclause 6.2.5.

NOTE 2: Reference measurement channel is specified TBD

NOTE 3: The REFSENS power level is specified in TBD for two and four antenna ports, respectively. 



	
	
	
	

	
	
	
	
	
	
	

	

	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	





Table 7.6.2-2 Out of Band Blocking Parameters 2 

	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	

	

	


	Operating band
	Rx Parameter
	Units 
	Channel bandwidth

	
	
	
	10MHz
	15MHz
	20MHz
	40 MHz
	50 MHz
	60 MHz
	80 MHz
	100 MHz

	n77(NOTE 5), n78 (NOTE 5), n79 (NOTE 6)
	Power in Transmission Bandwidth Configuration
	dBm
	REFSENS + channel bandwidth specific value below

	
	
	
	6
	7
	9
	12
	13
	14
	15
	16

	
	SCS=15kHz
	 
	10
	15
	20
	NA
	NA
	NA
	NA
	NA

	
	SCS=30kHz
	 
	NA
	NA
	NA
	40
	50
	NA
	NA
	NA

	
	SCS=60kHz
	 
	NA
	NA
	NA
	NA
	NA
	60
	80
	100

	NOTE 1: The transmitter shall be set to 4dB below PCMAX_L at the minimum uplink configuration specified TBD with PCMAX_L as defined in subclause 6.2.5.

	NOTE 2: Reference measurement channel is specified TBD

	NOTE 3: The REFSENS power level is specified in TBD for two and four antenna ports, respectively. 


Table 7.6.2-4: Out of Band Blocking limits

	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	

	

	

	

	
	
	
	

	

	

	

	
	
	
	
	
	
	


	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	







	E-UTRA band
	Parameter
	Units 
	Frequency 

	
	
	
	Range 1
	Range 2
	Range 3
	Range 4

	
	PInterferer
	dBm
	-44
	-30
	-15
	-15

	1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 30, 31, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42 (NOTE 2), 43 (NOTE 2), 44, 45, 48 (NOTE 2), 65, 66, 68, 70
	FInterferer (CW)
	MHz
	FDL_low -15 to
	FDL_low -60 to
	FDL_low -85 to 
	-

	
	
	
	FDL_low -60 
	FDL_low -85 
	1 MHz
	

	
	
	
	FDL_high +15 to
	FDL_high +60 to
	FDL_high +85 to
	-

	
	
	
	FDL_high + 60 
	FDL_high +85 
	+12750 MHz
	

	2, 5, 12, 17
	FInterferer
	MHz
	-
	-
	-
	FUL_low - FUL_high

	
	
	
	
	
	
	(NOTE 5)

	n77(NOTE 5), n78 (NOTE 5), n79 (NOTE 6)
	FInterferer (CW)
	MHz
	FDL_low - 3*CBW to (7)
	FDL_low - 200 to
	FDL_low - 600
	 

	
	
	
	FDL_low -200
	FDL_low - 600
	1 MHz
	

	
	
	
	FDL_high + 3*CBW to (7)
	FDL_high +200 to
	FDL_high +600 to
	

	
	
	
	FDL_high + 200
	FDL_high +600
	+12750 MHz
	

	NOTE 1: For the UE which supports both Band 11 and Band 21 the out of blocking is FFS. 

	NOTE 2: The power level of the interferer (PInterferer) for Range 3 shall be modified to -20 dBm, for FInterferer > 2800 MHz and FInterferer < 4400 MHz.

	NOTE 3: For the UE that supports both Band 4 and Band 66, the out-of-blocking frequency range for Band 4 is defined relative to FDL_low and FDL_high of Band 66.

	NOTE 4: For a UE supporting CA_20A-28A the requirements for Band 20 and Band 28 apply with FDL_low  given by the lower limit of the restricted operating frequency range in Band 28 and FDL_high  by Band 20 (Table 

	NOTE 5; The power level of the interferer (PInterferer) for Range 3 shall be modified to -20 dBm, for FInterferer > 2700 MHz and FInterferer < 4800 MHz.

	NOTE 6: The power level of the interferer (PInterferer) for Range 3 shall be modified to -20 dBm, for FInterferer > 3650 MHz and FInterferer < 5750 MHz.

	NOTE 7: If 3xCBW > 200 MHz, then OBB begins in Range 2
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