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Introduction
The ACS and in-band blocking requirements have been defined only for BW Class C in the TS 38.10-1. The definition of these requirements is missing for the rest of the BW classes. In this contribution we provide our view for the requirements for all BW Classes with an explanation on the estimation of the parameters needed for these requirements.
Discussion
Background
· Definition of ACS and In-band Blocking for NR bands single carrier in TS38.101-1 [1] :
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	Units
	Channel bandwidth

	
	
	110 MHz
	120 MHz
	130 MHz
	140 MHz
	150 MHz

	ACS
	dB
	33
	33
	33
	33
	33

	RX parameter
	Units
	Channel bandwidth

	
	
	160 MHz
	180 MHz
	200 MHz
	
	

	ACS
	dB
	33
	33
	33
	
	


ACS for intra-band contiguous CA, BW Class C, with FDL_low ≥ 3300 MHz and FUL_low ≥ 3300 MHz




In-band blocking parameters for NR bands with FDL_low ≥ 3300 MHz and FUL_low ≥ 3300 MHz
	RX parameter
	Units
	Channel bandwidth

	
	
	10 MHz
	15 MHz
	20 MHz
	40 MHz
	50 MHz

	Power in transmission bandwidth configuration
	dBm
	REFSENS + channel specific value below

	
	dB
	6

	BWinterferer
	MHz
	10
	15
	20
	40
	50

	FIoffset, case 1
	MHz
	15
	22.5
	30
	60
	75

	FIoffset, case 2
	MHz
	25
	37.5
	50
	100
	125

	RX parameter
	Units
	Channel bandwidth

	
	
	60 MHz
	80 MHz
	90 MHz
	100 MHz
	

	Power in transmission bandwidth configuration
	dBm
	REFSENS + channel specific value below
	

	
	dB
	6
	

	BWinterferer
	MHz
	60
	80
	90
	100
	

	FIoffset, case 1
	MHz
	90
	120
	135
	150
	

	FIoffset, case 2
	MHz
	150
	200
	225
	250
	

	NOTE 1:	The transmitter shall be set to 4dB below […].
NOTE 2:	The interferer consists of the RMC specified in […]



Estimation of ACS and IBB intra-band contiguous CA for all BW classes
In NR spec [1] only BW Class C is considered for intra-band contiguous CA requirements and the requirements for ACS and IBB intra-band contiguous CA has been defined considering the REFSENS per CC. In LTE the definition of ACS intra-band contiguous is based on the aggregated power for the interferer. Another difference when comparing NR and LTE is the jammer BW which for NR is considered to be the same as the aggregated BW for the case of two CCs and for LTE is 5 MHz. However, this raises the concern of the interferer BW for more than two CCs. In the worst case eight CCs will translate into a very wide interferer BW when considering the aggregated BW of all CCs as the jammer BW.
Observation 1: Concern on the jammer BW for more than two CCs, since the current agreement is to have the jammer BW the same as the aggregated BW.
From system perspective it would make sense to follow similar definitions as in LTE. The ACS requirement will be defined in terms of the aggregated power and not per CC, while IBB is added to the REFSENES per CC. Since we need to consider the difference on the spectral efficiency in NR, a modification regarding LTE is required on the ACS and IBB requirements in NR.
Estimation of ACS intra-band contiguous CA for all BW classes
In NR TS 38.101-1 the ACS level has been defined for NR bands as 33 dB for single carrier. In our view the CA requirement should not be more stringent than the single carrier requirement. Therefore we use the following formula to calculate the ACS level for the CA.

In the CA case the ACS scales according to 10*log10(BW_aggregated/BW_jammer). The BW_aggr is the maximum aggregated bandwidth of the BW Class. The BW_jammer is the bandwidth of the jammer and it is defined as the minimum CC bandwidth of the CCs located on the edges from the corresponding BW Class.
Observation 1: The ACS intra-band contiguous CA requirement is calculated considering the SC ACS level as reference and scaling according to the maximum aggregated BW and the jammer BW of each BW class.
Observation 2: The jammer BW is defined as the minimum CC bandwidth of the CCs located on the edges from the corresponding BW Class

	E-UTRA CA configuration / Bandwidth combination set

	NR CA configuration
	Uplink CA configurations
	Component carriers in order of increasing carrier frequency
	aggregated 
bandwidth (MHz])
	Bandwidth combination set

	
	
	Channel bandwidths for carrier (MHz)
	Channel bandwidths for carrier (MHz)
	Channel bandwidths for the other carrier (MHz)
	
	

	CA_n77F, CA_n78F, CA_n79F
	
	40
	20
	
	60
	0

	
	
	50
	20
	
	70
	

	
	
	40
	40
	
	80
	

	
	
	40
	50
	
	90
	

	
	
	50
	50
	
	100
	

	CA_n77G, CA_n78G, CA_n79G
	
	40
	20
	50
	110
	

	
	
	50
	20
	50
	120
	

	
	
	40
	40
	50
	130
	

	
	
	40
	50
	50
	140
	

	
	
	50
	50
	50
	150
	

	
	
	50
	20
	50x3
	220
	

	
	
	40
	40
	50x3
	230
	

	
	
	40
	50
	50x3
	240
	

	
	
	50
	50
	50x3
	250
	



For example BW Class F is defined as two contiguous CCs with a maximum aggregated BW of 100 MHz. and the minimum CCs BW for BW Class F is 20 MHz. The results of the ACS for the BW Class F is 26 dB when using the formula provided above.
· Example NR BW Class F 

Another example is BW Class G, which is defined as three contiguous CCs with a maximum aggregated BW of 150 MHz. The minimum CCs BW considering the CC on the edges for BW Class G is 40 MHz. The result of the ACS for the BW Class G is 27.3 dB when using the formula provided above.
· Example NR BW Class G 

0. Estimation of IBB intra-band contiguous CA for all BW classes
In NR TS 38.101-1 the inband blocking requirement has been defined for NR bands considering 6 dB for the transmission power for single carrier. In our view the CA requirement should not be more stringent than the single carrier requirement. Therefore we use the following formula to calculate the power on transmission for the IBB for the CA.

In the IBB CA case the power scales according to 10*log10(BW_aggregated/BW_jammer). The BW_aggr is the maximum aggregated bandwidth of the BW Class. The BW_jammer is the bandwidth of the jammer and it defined as the minimum CC bandwidth of the CCs located on the edges from the corresponding BW Class.
Observation 3: The IBB intra-band contiguous CA requirement is calculated considering the SC IBB as reference and scaling according to the maximum aggregated BW and the jammer BW of each BW class.
For example BW Class F is defined as two contiguous CCs with a maximum aggregated BW of 100 MHz. and the minimum CCs BW for BW Class F is 20 MHz. The results of the  for the BW Class F is 9.98 when using the formula provided above, which has been rounded to 10 dB in Table 1.
· Example NR BW Class F 

Another example for BW Class G, which is defined as three contiguous CCs with a maximum aggregated BW of 150 MHz. The minimum CCs BW considering the CC on the edges for BW Class G is 40 MHz. The results of the  for the BW Class G is 8.74 dB when using the formula provided above, which has been rounder to 8.7 dB in Table 1.
· Example NR BW Class G 


0. Summary of proposal for intra-band contiguous CA for all BW classes
We have made similar calculations for the BW Classes B, C, D, E, F, G, H, I, J, K, L. The summary of the results is provided in the following table:
Table 1: ACS and IBB proposal for all BW Classes
	BW Class
	AggBW
	Max BW (MHz)
	Jammer BW (MHz)
	ACS1 (dB)
	ACS offset proposal, dB
	ACS2 sig (dBm)
	ACS2 (dBm)
	∆IBB sig
	IBB1 (dBm)
	IBB2 (dbm)

	B 
	20M-50M
	50
	5
	23.0
	21.5
	-46.5 + 10log(Nc/Nagg)
	-25
	13.0
	-56
	-44

	F
	60M-100M
	100
	20
	26.0
	24.5
	-49.5 + 10log(Nc/Nagg)
	-25
	10.0
	-56
	-44

	C
	110M-200M
	200
	50
	27.0
	25.5
	-50.5 + 10log(Nc/Nagg)
	-25
	9.0
	-56
	-44

	D
	210M-300M
	300
	50
	25.2
	23.7
	-48.7 + 10log(Nc/Nagg)
	-25
	10.8
	-56
	-44

	E
	310M-400M
	400
	50
	24.0
	22.5
	-47.5 + 10log(Nc/Nagg)
	-25
	12.0
	-56
	-44

	G
	110M-150M
	150
	40
	27.3
	25.8
	-50.8 + 10log(Nc/Nagg)
	-25
	8.7
	-56
	-44

	H
	160M-200M
	200
	40
	26.0
	24.5
	-49.5 + 10log(Nc/Nagg)
	-25
	10.0
	-56
	-44

	I
	210M-250M
	250
	40
	25.0
	23.5
	-48.5 + 10log(Nc/Nagg)
	-25
	11.0
	-56
	-44

	J
	260M-300M
	300
	40
	24.2
	22.7
	-47.7 + 10log(Nc/Nagg)
	-25
	11.8
	-56
	-44

	K
	310M-350M
	350
	40
	23.6
	22.1
	-47.1 + 10log(Nc/Nagg)
	-25
	12.4
	-56
	-44

	L
	360M-400M
	400
	40
	23.0
	21.5
	-46.5 + 10log(Nc/Nagg)
	-25
	13.0
	-56
	-44

	NOTE 1: ACS1 tested with REFSENS+14dB per CC
NOTE 2: ACS offset is referred to the aggregated BW power
NOTE 3: ∆IBB are added to REFSENS per CC
NOTE 4: Jammer BW is equal to the minimum outer CC bandwidth
NOTE 5: Jammer BW’s apply to ACS BW and IBB BW



In [2] was considered the narrowest CCBW from the BW Class as the jammer BW. The issue of taking the narrowest CCBW for the jammer BW is that it increases the interferer power making it more difficult for the filter to suppress. Another option could be to take the widest CCBW of the BW Class as the jammer BW, however if the filter is designed for the wide BW blockers it would be difficult to suppress the narrower BW blockers due to the transfer function and the remaining interference will fold into the wanted signal. Therefore, as a compromise we have calculated the numbers in Table 1 considering the jammer BW as the minimum CCBW from the CC at the edges.
Proposal 1:	The introduction of the ACS and IBB requirement for intra-band contiguous CA for all BW classes as provided in Table 1.
Definition of ACS intra-band contiguous CA definition for all BW Classes
In this subsection Table 2 gives the ACS levels for all BW Classes. Table 3 and Table 4 are the ACS test parameters for Case 1 and Case 2, respectively.
Table 2: Adjacent channel selectivity level
	
	
	CA Bandwidth Class

	Rx Parameter
	Units
	B
	C
	D
	E
	F
	G

	ACS
	dB
	23.0
	27.0
	25.2
	24.0
	26.0
	27.3

	
	
	H
	I
	J
	K
	L
	

	
	
	26.0
	25.0
	24.2
	23.6
	23.0
	



Table 3: Test parameters for intra-band contiguous CA with FDL_low ≥ 3300 MHz and FUL_low ≥ 3300 MHz, case 1
	Rx Parameter
	Units 
	CA Bandwidth Class

	
	
	B
	C
	D
	E
	F
	G

	Pw in Transmission Bandwidth Configuration, per CC
	
	REFSENS + 14 dB
	REFSENS + 14 dB
	REFSENS + 14 dB
	REFSENS + 14 dB
	REFSENS + 14 dB
	REFSENS + 14 dB

	PInterferer
	dBm
	Aggregated power + 21.5 dB
	Aggregated power + 25.5 dB
	Aggregated power + 23.7 dB
	Aggregated power + 22.5 dB
	Aggregated power + 24.5 dB
	Aggregated power + 25.8 dB

	BWInterferer
	MHz
	5
	50
	50
	50
	20
	40

	FInterferer (offset)
	MHz
	2.5 + Foffset
/
-2.5 - Foffset
	25 + Foffset
/
-25 - Foffset
	25 + Foffset
/
-25 -Foffset
	25 + Foffset
/
-25 -Foffset
	10 + Foffset
/
-10 - Foffset
	20 + Foffset
/
-20 - Foffset

	
	
	H
	I
	J
	K
	L
	

	Pw in Transmission Bandwidth Configuration, per CC
	
	REFSENS + 14 dB
	REFSENS + 14 dB
	REFSENS + 14 dB
	REFSENS + 14 dB
	REFSENS + 14 dB
	

	PInterferer
	dBm
	Aggregated power + 24.5 dB
	Aggregated power + 23.5 dB
	Aggregated power + 22.7 dB
	Aggregated power + 22.1 dB
	Aggregated power + 21.5 dB
	

	BWInterferer
	MHz
	40
	40
	40
	40
	40
	

	FInterferer (offset)
	MHz
	20 + Foffset
/
-20 - Foffset
	20 + Foffset
/
-20 - Foffset
	20 + Foffset
/
-20 -Foffset
	20 + Foffset
/
-20 -Foffset
	20 + Foffset
/
-20 - Foffset
	

	NOTE 1:	The transmitter shall be set to 4dB below […].

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. The interferer is an NR signal with an SCS equal to that of the wanted signal.
NOTE 3:	The interferer consists of the RMC specified in […]



Table 4: Test parameters for intra-band contiguous CA with FDL_low ≥ 3300 MHz and FUL_low ≥ 3300 MHz, case 2
	Rx Parameter
	Units 
	CA Bandwidth Class

	
	
	B
	C
	D
	E
	F
	G

	Pw in Transmission Bandwidth Configuration, per CC
	
	-46.5 + 10log(Nc/Nagg)
	-50.5 + 10log(Nc/Nagg)
	-48.7 + 10log(Nc/Nagg)
	-47.5 + 10log(Nc/Nagg)
	-49.5 + 10log(Nc/Nagg)
	-50.8 + 10log(Nc/Nagg)

	PInterferer
	dBm
	-25
	-25
	-25
	-25
	-25
	-25

	BWInterferer 
	MHz
	5
	50
	50
	50
	20
	40

	FInterferer (offset)
	MHz
	2.5 + Foffset
/
-2.5 - Foffset
	25 + Foffset
/
-25 - Foffset
	25 + Foffset
/
-25 -Foffset
	25 + Foffset
/
-25 -Foffset
	10 + Foffset
/
-10 - Foffset
	20 + Foffset
/
-20 - Foffset

	
	
	H
	I
	J
	K
	L
	

	Pw in Transmission Bandwidth Configuration, per CC
	
	-49.5 + 10log(Nc/Nagg)
	-48.5 + 10log(Nc/Nagg)
	-47.7 + 10log(Nc/Nagg)
	-47.1 + 10log(Nc/Nagg)
	-46.5 + 10log(Nc/Nagg)
	

	PInterferer
	dBm
	-25
	-25
	-25
	-25
	-25
	

	BWInterferer 
	MHz
	40
	40
	40
	40
	40
	

	FInterferer (offset)
	MHz
	20 + Foffset
/
-20 - Foffset
	20 + Foffset
/
-20 - Foffset
	20 + Foffset
/
-20 -Foffset
	20 + Foffset
/
-20 -Foffset
	20 + Foffset
/
-20 - Foffset
	

	NOTE 1:	The transmitter shall be set to 4dB below […].

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. The interferer is an NR signal with an SCS equal to that of the wanted signal.
NOTE 3:	The interferer consists of the RMC specified in […]





Definition of IBB intra-band contiguous CA definition for all BW Classes
In this subsection Table 4 gives the in-band blocking parameters for all BW Classes and Table 5 provides the in-band blocking requirement.
Table 5: In-band blocking parameters for intra-band contiguous CA with FDL_low ≥ 3300 MHz and FUL_low ≥ 3300 MHz
	Rx Parameter
	Units 
	CA Bandwidth Class

	
	
	B
	C
	D
	E
	F
	G

	Pw in Transmission Bandwidth Configuration, per CC 
	dB
	REFSENS + CA Bandwidth Class specific value below

	
	
	13
	9.0
	10.8
	12.0
	10.0
	8.7

	BWInterferer 
	MHz
	5
	50
	50
	50
	20
	40

	FIoffset, case 1 
	MHz
	15
	75
	75
	75
	30
	60

	FIoffset, case 2 
	MHz
	30
	125
	125
	125
	50
	100

	
	
	H
	I
	J
	K
	L
	

	Pw in Transmission Bandwidth Configuration, per CC
	dBm
	REFSENS + CA Bandwidth Class specific value below

	
	
	10.0
	11.0
	11.8
	12.4
	13.0
	

	BWInterferer 
	MHz
	40
	40
	40
	40
	40
	

	FIoffset, case 1 
	MHz
	60
	60
	60
	60
	60
	

	FIoffset, case 2 
	MHz
	100
	100
	100
	100
	100
	

	NOTE 1: 	The transmitter shall be set to 4dB below PCMAX_L,c or PCMAX_L as defined in subclause 6.2.5A
NOTE 2:	The interferer consists of the Reference measurement channel specified in Annex A.3.2 with one sided dynamic OCNG Pattern OP.1 FDD/TDD as described in Annex A.5.1.1/A.5.2.1 and set-up according to Annex C.3.1



Table 6: In-band blocking for intra-band contiguous CA with FDL_low ≥ 3300 MHz and FUL_low ≥ 3300 MHz
	CA configuration
	Parameter
	 Unit
	Case 1
	Case 2

	
	PInterferer
	 dBm
	-56
	-44

	
	FInterferer
(offset)
	MHz
	=-Foffset– FIoffset,case 1
&
=+Foffset + FIoffset,case 1
	≤-Foffset– FIoffset,case 2
&
≥+Foffset + FIoffset,case 2

	NOTE 1:	For certain bands, the unwanted modulated interfering signal may not fall inside the UE receive band, but within the first 15 MHz below or above the UE receive band 
NOTE 2:	For each carrier frequency the requirement is valid for two frequencies: 
			a. the carrier frequency -Foffset - FIoffset, case 1 and
			b. the carrier frequency +Foffset + FIoffset, case 1
NOTE 3:	Foffset is the frequency offset from the center frequency of the CC being tested to the edge of aggregated channel bandwidth.

NOTE 4:	The Finterferer (offset) is the frequency separation of the center frequency of the carrier closest to the interferer and the center frequency of the interferer and shall be further adjusted to MHz to be offset from the sub-carrier raster.



Conclusion
In this contribution we have provided the details on the estimation of ACS and IBB intra-band contiguous CA for all BW classes. In summary, we have made the following observations and proposal:
Observation 1: The ACS intra-band contiguous CA requirement is calculated considering the SC ACS level as reference and scaling according to the maximum aggregated BW and the jammer BW of each BW class.
Observation 2: The jammer BW is defined as the minimum CC bandwidth of the CCs located on the edges from the corresponding BW Class
Observation 3: The IBB intra-band contiguous CA requirement is calculated considering the SC IBB as reference and scaling according to the maximum aggregated BW and the jammer BW of each BW class.
Proposal 1:	The introduction of the ACS and IBB requirement for intra-band contiguous CA for all BW classes as provided in Table 1.
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