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1	Introduction 
The discussion on the definition of ACS, IBB and OBB requirements in NR-U is still on-going. During the last meeting the most controversial issues were the definition of the ACS level and the interferer bandwidth. This contribution provides our view on the definition of ACS, IBB and OBB requirements for single carrier and intra-band contiguous CA in NR-U for band n46.
2	Discussion 
2.1	Adjacent Channel Selectivity 
In our view it is important to consider the adjacent channel interference ratio (ACIR) on the definition of the ACS value for NR-U, which describes the interference level generated by interfering system to victim system. ACIR is defined as the ratio of the total transmitted power from the base station or the UE to the total interference power affecting a victim receiver. 


ACLR is used to define the radio performance of transmitter, while ACS reflects the receiver radio performance. Table 1 captures the ACS levels and ACLR limits at 20 MHz for LTE LAA, WiFi 802.11ax and NR FR1 (>= 3300 MHz). 

Table 1: ACS levels and ACLR limits
	LTE LAA 
	WiFi
	NR FR1

	ACS level = 27 dB
ACLR limit = 45 dB
	ACS level = 13 dB
ACLR limit = 26 dB
	ACS level = 33 dB
ACLR limit = 45 dB



The parameters in the table were considered for the calculation of ACIR, the results for the ACIR values are around 27 dB for LTE LAA, around 13 dB for WiFI and around 33 dB for NR FR1. In [1] the following two options for ACS values for NR-U were proposed: 
· Option 1: ACS level = 14 dB and ACLR limit = 30 dB, ACIR will be around 14 dB 
· Option 2: ACS level = 25 – 30 dB and ACLR limit = 30 dB, ACIR will range from 24 to 27 dB
The WF on remaining UE Tx requirements for NR-U [2] contains the agreement for NR-U ACLR limit 27 dB (for PC5), whereas 30 dB is still under discussion for NR-U ACLR for PC3. For this calculation we have taken the ACLR limit of 30 dB.  Considering this ACLR value the Option 1 results in ACIR of 14 dB similar to WiFi and Option 2 has an ACIR value that ranges between 24 to 27 dB. 
The relation between ACLR, ACS is represented by ACIR and it gives the total interference power falling into the receiver. It is an important parameter that we should consider in the estimation of the ACS value. In NR the difference between ACS level and ACLR level is 12 dB. The significant difference between ACLR in NR-U and ACLR in LTE/NR can have an impact on the receiver testing, if the ACS is not adjusted accordingly. In case ACLR and ACS values are very similar – as in Option 2 – the ACS receiver test will be dominated by ACLR instead of ACS. 
For these reasons, we are proposing an ACS value of 18 dB for 20 MHz, which results in an ACIR of 18 dB when considering an ACLR value of 30 dB. Assuming the ACS value of 18 dB, the difference between ACS and ACLR in NR-U would be 12 dB, which is the same difference as in NR. Additionally, having 18 dB for ACS results in a better ACIR value compared to Option 1 (ACS = 14 dB) and achieves a better isolation between the two adjacent channels.
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Table 2: Single Carrier ACS levels for NR-U
	
	20 MHz
	40 MHz
	60 MHz
	80 MHz

	ACS level 
	18 dB
	15 dB
	13 dB
	12 dB



ACS level for 20 MHz wanted channel bandwidth is defined as 18 dB. For the interferer bandwidth we are considering the same interferer BW as in LTE LAA, which is 20 MHz. Since the interferer BW has been modified compared to our contribution [1] last meeting, the ACS level have been scaled with equation above in order to maintain the PSD. In Table 2 we provide the ACS levels from wanted channel bandwidth from 20 MHz to 80 MHz. 
In our view NR-U the wanted power level should be defined as REFSENS + 14 dB, as it is defined in NR FR1 and LTE LAA.
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Proposal 2:	RAN4 shall consider for NR-U interferer bandwidth for single carrier as 20 MHz 
Proposal 3:	NR-U ACS level values for single carrier shall be defined as in Table 2.
For intra-band contiguous CA we have considered in the contribution the BW classes B, C, D, E and I that are listed as part of the band combinations for NR-U in Rel-16. We have not included in the table the BW classes M, N, O , since they are still under discussion and have not been part of the band combination list for NR-U until now. As for the interferer BW, we are using 20 MHz for BW Class B, C, D, E and I.
Table 3: ACS level for intra-band contiguous CA for NR-U
	
	B
	C
	D
	E
	I

	ACS level 
	11 dB
	8 dB
	6 dB
	5 dB
	7 dB



Table 4: Test parameters for intra-band contiguous CA for NR-U
	Rx Parameter
	Units 
	NR-U CA bandwidth class

	
	
	B
	C
	D
	E
	I

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

	PInterferer
	dBm
	Aggregated power + 9.5 dB
	Aggregated power + 6.5 dB
	Aggregated power + 4.5 dB
	Aggregated power + 3.5 dB
	Aggregated power + 5.5 dB

	BWInterferer
	MHz
	20

	FInterferer (offset)
	MHz
	10 + Foffset
/
-10 - Foffset

	NOTE 1:	The transmitter shall be set to 4 dB below PCMAX_L,f,c at the minimum UL configuration specified in Table 7.3.2-3 with PCMAX_L,f,c defined in clause 6.2.4 .

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 carrier closest to the interferer in MHz. The interferer is an NR signal with an SCS equal to that of the closest carrier.
NOTE 3:	The interferer consists of the RMC specified in Annexes A.3.2.2 and A.3.3.2 with one sided dynamic OCNG Pattern OP.1 FDD/TDD for the DL-signal as described in Annex A.5.1.1/A.5.2.1. 
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2.2	Blocking requirements 
The next tables contain the proposals for the definition of the in-band for single carrier and intra-band contiguous CA. Table 5 and Table 6 are the parameters for in-band blocking single carrier. 
Table 5: In-band Blocking parameters for NR-U
	RX parameter
	Units
	Channel bandwidth

	
	
	20 MHz
	40 MHz
	60 MHz
	80 MHz

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

	
	dB
	9
	12
	14
	15

	BWinterferer
	MHz
	20

	FIoffset, case 1
	MHz
	30

	FIoffset, case 2
	MHz
	50



Table 6: In-band Blocking NR-U
	NR band
	Parameter
	Unit
	Case 1
	Case 2

	
	Pinterferer
	dBm
	-56
	-44

	
	Finterferer (offset)
	MHz
	-CBW/2 –
FIoffset, case 1
and
BW/2 +
FIoffset, case 1
	≤ -CBW/2 –
FIoffset, case 2
and
≥ CBW/2 +
FIoffset, case 2

	n46
	Finterferer
	
	NOTE 2
	FDL_low – 3*CBW to
FDL_high + 3*CBW

	
NOTE 1:	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 2:	For each carrier frequency, the requirement applies for two interferer carrier frequencies: a: -CBW/2 – FIoffset, case 1; b: CBW/2 + FIoffset, case 1
NOTE 3:	CBW denotes the channel bandwidth of the wanted signal




Proposal 5:	RAN4 shall define the IBB requirements for single carrier as provided in Table 5 and Table 6.
Similar as for ACS, we are considering only BW classes B, C, D, E and I and an interferer BW of 20 MHz. Table 7 and Table 8 are for the parameters for in-band blocking intra-band contiguous CA.
Table 7: In-band Blocking parameters for intra-band contiguous CA for NR-U
	Rx Parameter
	Units 
	NR-U CA bandwidth class

	
	
	B
	C
	D
	E
	I

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

	
	dB
	16
	19
	21
	22
	
20

	BWInterferer 
	MHz
	20

	FIoffset, case 1 
	MHz
	30

	FIoffset, case 2 
	MHz
	50

	NOTE 1:	The transmitter shall be set to 4dB below PCMAX_L,f,c at the minimum UL configuration specified in Table 7.3.2-3 with PCMAX_L,f,c defined in clause 6.2.4.
NOTE 2:	The interferer consists of the Reference measurement channel specified in Annexes A.3.2 and A.3.3 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 8: In-band Blocking for intra-band contiguous CA for NR-U
	NR band
	Parameter
	Unit
	Case 1
	Case 2

	
	Pinterferer
	dBm
	-56
	-44

	
	Finterferer (offset)
	MHz
	-BWchannel CA/2 –FIoffset, case 1
and
BWchannel CA/2 +FIoffset, case 1
	≤ -BWchannel CA/2 –FIoffset, case 2
and
≥ BWchannel CA/2 +FIoffset, case 2

	n46
	Finterferer
	MHz
	NOTE 2
	FDL_low – 3*BWchannel CA 
to
FDL_high + 3*BWchannel CA

	
NOTE 1:	The absolute value of the interferer offset Finterferer (offset) shall be further adjusted to MHz with SCS the sub-carrier spacing of the carrier closest to the interferer in MHz. The interferer is an NR signal with an SCS equal to that of the closest carrier.
NOTE 2:	For each carrier frequency, the requirement applies for two interferer carrier frequencies: a: -BWchannel CA/2 – FIoffset, case 1; b: BWchannel CA/2 + FIoffset, case 1
NOTE 3:	BWchannel CA denotes the aggregated channel bandwidth of the wanted signal




Proposal 6:	RAN4 shall define the IBB requirements for intra-band contiguous CA as provided in Table 7 and Table 8.
The next tables contain the proposals for the definition of the out-of-band blocking for single carrier and intra-band contiguous CA. Table 9 and Table 10 are the parameters for out-of-band blocking single carrier.
Table 9: Out-of-band Blocking parameters for NR-U
	RX parameter
	Units
	Channel bandwidth

	
	
	20 MHz
	40 MHz
	60 MHz
	80 MHz

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

	
	dB
	9

	NOTE:	The transmitter shall be set to 4 dB below PCMAX_L,f,c at the minimum UL configuration specified in Table 7.3.2-3 with PCMAX_L,f,c defined in clause 6.2.4.



Table 10: Out-of-band Blocking NR-U
	NR band
	Parameter
	Unit
	Range1
	Range 2
	Range 3

	
	Pinterferer
	dBm
	-44
	-30
	-15

	n48, n77, n78
(NOTE 3)
	Finterferer (CW)
	MHz
	-60 < f – FDL_low ≤      -3CBW
or
3CBW ≤ f – FDL_high < 60
	-200 < f – FDL_low ≤    -MAX(60,3CBW)
or
MAX(60,3CBW) ≤ f – FDL_high < 200
	1 ≤ f ≤ FDL_low – MAX(200,3CBW)
or
FDL_high                      + MAX(200,3CBW)
≤ f ≤ 12750

	n79
(NOTE 4)
	Finterferer (CW)
	MHz
	N/A
	-150 < f – FDL_low ≤           -MAX(60,3CBW)
or
MAX(60,3CBW) ≤ f – FDL_high < 150
	1 ≤ f ≤ FDL_low – MAX(150,3CBW)
or
FDL_high                      + MAX(150,3CBW)
≤ f ≤ 12750

	n46
(NOTE 5)
	Finterferer (CW)
	MHz
	N/A
	-200 < f – FDL_low ≤    -MAX(60,3CBW)
or
MAX(60,3CBW) ≤ f – FDL_high < 200
	1 ≤ f ≤ FDL_low – MAX(200,3CBW)
or
FDL_high                      + MAX(200,3CBW)
≤ f ≤ 12750

	NOTE 1:	The power level of the interferer (PInterferer) for Range 3 shall be modified to -20 dBm for FInterferer > 6000 MHz.
NOTE 2:	CBW denotes the channel bandwidth of the wanted signal
NOTE 3:	The power level of the interferer (PInterferer) for Range 3 shall be modified to -20 dBm, for FInterferer > 2700 MHz and FInterferer < 4800 MHz. For CBW > 15 MHz, the requirement for Range 1 is not applicable and Range 2 applies from the frequency offset of 3CBW from the band edge. For CBW larger than 60 MHz, the requirement for Range 2 is not applicable and Range 3 applies from the frequency offset of 3CBW from the band edge.
NOTE 4:	The power level of the interferer (PInterferer) for Range 3 shall be modified to -20 dBm, for FInterferer > 3650 MHz and FInterferer < 5750 MHz. For CBW ≥ 40 MHz, the requirement for Range 2 is not applicable and Range 3 applies from the frequency offset of 3CBW from the band edge.
NOTE 5:	The power level of the interferer (PInterferer) for Range 3 shall be modified to -20 dBm, for FInterferer > 4200 MHz.



Proposal 7:	RAN4 shall define the OBB requirements for single carrier as provided in Table 9 and Table 10.
Similar as for ACS and IBB, we are considering only BW classes B, C, D, E and I, and interferer BW of 20 MHz. Table 11 and Table 12 are for the parameters for out-of-band blocking intra-band contiguous CA.
Table 11: Out-of-band Blocking parameters for intra-band contiguous CA for NR-U
	Rx Parameter
	Units 
	NR-U CA bandwidth class

	
	
	B
	C
	D
	E
	I

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

	
	dB
	9

	NOTE 1:	The transmitter shall be set to 4dB below PCMAX_L,f,c at the minimum UL configuration specified in Table 7.3.2-3 with PCMAX_L,f,c defined in clause 6.2.4.



Table 12: Out-of-band Blocking for intra-band contiguous CA for NR-U
	NR band
	Parameter
	Unit
	Range1
	Range 2
	Range 3

	
	Pinterferer
	dBm
	-45
	-30
	-15

	n41, n66, n71, n48, n40
	Finterferer (CW)
	MHz
	-60 < f – FDL_low < -15
or
15 < f – FDL_high < 60
	-85 < f – FDL_low ≤ -60
or
60 ≤ f – FDL_high < 85
	 1 ≤ f ≤ FDL_low – 85
or
FDL_high + 85 ≤ f
≤ 12750

	n77, n78
(NOTE 3)
	Finterferer (CW)
	MHz
	N/A
	N/A
	1 ≤ f ≤ FDL_low – MAX(200,3CBWchannel CA)
or
FDL_high+ MAX(200,3CBWchannel CA)
≤ f ≤ 12750

	n79
(NOTE 4)
	Finterferer (CW)
	MHz
	N/A
	N/A
	1 ≤ f ≤ FDL_low – MAX(150,3CBWchannel CA)
or
FDL_high + MAX(150,3CBWchannel CA)
≤ f ≤ 12750

	n46
(NOTE 5)

	Finterferer (CW)
	MHz
	N/A
	N/A
	1 ≤ f ≤ FDL_low – MAX(200,3CBWchannel CA)
or
FDL_high+ MAX(200,3CBWchannel CA)
≤ f ≤ 12750

	NOTE 1:	The power level of the interferer (PInterferer) for Range 3 shall be modified to -20 dBm for FInterferer > 6000 MHz.
NOTE 2:	CBW denotes the channel bandwidth of the wanted signal
NOTE 3:	The power level of the interferer (PInterferer) for Range 3 shall be modified to -20 dBm, for FInterferer > 2700 MHz and FInterferer < 4800 MHz. For CBW > 15 MHz, the requirement for Range 1 is not applicable and Range 2 applies from the frequency offset of 3CBW from the band edge. For CBW larger than 60 MHz, the requirement for Range 2 is not applicable and Range 3 applies from the frequency offset of 3CBW from the band edge.
NOTE 4:	The power level of the interferer (PInterferer) for Range 3 shall be modified to -20 dBm, for FInterferer > 3650 MHz and FInterferer < 5750 MHz. For CBW ≥ 40 MHz, the requirement for Range 2 is not applicable and Range 3 applies from the frequency offset of 3CBW from the band edge.
NOTE 5:	The power level of the interferer (PInterferer) for Range 3 shall be modified to -20 dBm, for FInterferer > 4200 MHz.



Proposal 8:	RAN4 shall define the OBB requirements for intra-band contiguous CA as provided in Table 11 and Table 12.
3	Conclusions
This contribution provides our view on ACS requirement for NR-U. In summary, we have made the following proposals:
Proposal 1:	REFSENS + 14 shall be defined as the wanted power level for ACS in case 1.
Proposal 2:	RAN4 shall consider for NR-U interferer bandwidth for single carrier as 20 MHz 
Proposal 3:	NR-U ACS level values for single carrier shall be defined as in Table 2.
Proposal 4:	RAN4 shall define the ACS requirements for intra-band contiguous CA as provided in Table 3 and Table 4.
Proposal 5:	RAN4 shall define the IBB requirements for single carrier as provided in Table 5 and Table 6.
Proposal 6:	RAN4 shall define the IBB requirements for intra-band contiguous CA as provided in Table 7 and Table 8.
Proposal 7:	RAN4 shall define the OBB requirements for single carrier as provided in Table 9 and Table 10.
Proposal 8:	RAN4 shall define the OBB requirements for intra-band contiguous CA as provided in Table 11 and Table 12.
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