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Introduction
This contribution is a further update to [1] with additional content on ACS.  The approach taken in this contribution is to review the corresponding ACS and blocking requirements for LAA, NR, and 802.11ax WiFi.  In most cases, the format of the requirements from NR is reused but with special consideration for the NR-U expected operating environment.
Discussion
ACS
ACS requirements were discussed in the previous meeting [1], [2], [3], [4] but agreement was not reached.  The topic can be decomposed into a discussion on interferer bandwidth and a discussion on power levels.  Each are treated separately below.
Interferer bandwidth
For interferer bandwidth, there are two views – maintain a fixed 20 MHz interferer bandwidth for all channels including intra-band contiguous carrier aggregation or scale the bandwidth of the interferer according to the channel bandwidth with some adjustment to simplify the selection of bandwidth for intra-band contiguous carrier aggregation.  Contributions [1], [3], and [4] proposed fixed 20 MHz interferer bandwidth while contribution [2] proposed a scaled bandwidth.  The justification for fixed 20 MHz bandwidth is that 20 MHz is the fundamental bandwidth increment assumed by regulators in the 5 GHz band and for the same reason is also the interference bandwidth used in LAA specifications.  Other justifications include additional burden for test setups to generate a wideband interference by carrier aggregation and/or having the interferer bandwidth vary as a function of the smallest/largest/edge CC.  The justification for scaling the interferer bandwidth according to the wanted channel bandwidth is to follow the approach used in NR specifications and to maintain a comparable filter complexity as the wanted signal bandwidth grows.  
In our view, setting the interferer bandwidth fixed to 20 MHz is the most appropriate choice for Bands n46, n96, and n97 as it most closely reflects likely deployments in the band.  Indeed, the channelization already agreed for Band n46 follows a fundamental 20 MHz grid.  Maintaining consistency with NR is less relevant since NR specifications are written for licensed bands where there is not necessary the same 20 MHz fundamental channelization and channel access is contention-free.  Because of the unlicensed ad-hoc nature of this band, adjacent channels are not necessarily the same bandwidth.  The fact that one channel is n*20 MHz wide does not imply that the adjacent channel or any other channel in the band is likely to also be n*20 MHz.  In fact, given the LBT requirement in the band and that clear channel assessment is measured over 20 MHz sub-bands where all sub-bands need to pass for a wide carrier to be made available, the most likely channel is exactly 20 MHz except in very sparse networks.  
The concern regarding filter complexity, however, does have merit.  As the wanted channel bandwidth increases, it can be expected that baseband filtering for the same level of complexity will also widen.  Therefore, the transition band of the filter increases and less rejection is available in the first adjacent 20 MHz.  If the interfering signal’s bandwidth does not also scale accordingly, more of its energy will pass through the filter rather than be rejected.  However, instead of scaling the bandwidth of the interferer to address this concern as in [2], it is proposed to address this by adjusting the power levels for the ACS requirement as needed.  For example, the power level of the interferer might be reduced as the bandwidth increases to compensate for the inability of the filter to provide as much rejection in the adjacent 20 MHz channel.
The proposals for ACS bandwidth are as follows:  ACS interferer bandwidth is fixed 20 MHz for single carrier and for intra-band contiguous carrier aggregation, and ACS power levels are defined with consideration to preserve filter complexity and receiver linearity requirements as the bandwidth increases.
ACS power levels
ACS power levels have been discussed.  The proposals range from 18 dB [2], 20 dB [1], 24 to 27 dB [4], and 27 dB [3].  The proposals can be broadly categorized as either recomputing ACS based on the relaxed ACLR for NR-U vs. reusing the ACS from LAA or NR.  The approach to reuse the ACS from NR is inappropriate because the basestation ACLR is significantly relaxed for NR-U.  For licensed NR, the adjacent channel is another downlink; i.e., the transmission from a basestation.  The ACLR for an NR basestation is specified to be at least 45 dB.  On the other hand, for the unlicensed band, the adjacent channel transmission could be from a WiFi access point, NR-U basestation, or LAA basestation.  In all of these cases, the ACLR of the transmitter is significantly relaxed compared to 45 dB.  The NR-U and LAA basestation ACLR is relaxed by 10 dB and the WiFi AP ACLR is smaller by nearly 20 dB.  Therefore, the leakage from the adjacent channel is much more severe, as much as 20 dB more severe, for NR-U than it is for licensed NR.  This leakage appears in-band and cannot be filtered by the receiver and therefore degrades performance as co-channel interference irrespective of how good the ACS performance is.  As a numerical example, if the received power in the adjacent channel is -56 dBm, the power falling in-band due to ACLR is -101 dBm when using NR ACLR of 45 dB.  However, with NR-U ACLR of 27 dB, the power falling in-band is -83 dBm.  Therefore, no matter how good the receiver’s IP2 performance is, throughput performance will be limited to no better than approximately -83 dBm.  It was previously proposed [5] that the ACS should be adjusted 1:1 according to the reduction in ACLR to maintain the same in-band interferer to wanted signal ratio.  This leads to an ACS of 27 – (45-27) = 9 dB for the WiFi AP with ACLR of 27 dB or 27 – (45-35) = 17 dB for the NR-U or LAA basestation ACLR.  
From an ACIR perspective, it was suggested in [1] that for a given ACLR, improving ACS provides dimishing returns.  On the other hand, improved ACS comes at the cost of current consumption in the receiver front-end.  Therefore, the two are balanced by specifying an ACS that gives an ACIR 60% below its asymptotic final value in the existing NR specification.  It can be seen the figure below that the final value percentage is set by the existing NR specification with ACLR = 45, ACS = 27, and ACIR at 60% of final value.  For the same condition, when the ACLR is 27 dB such as for WiFi AP, the ACS is 16 dB and when the ACLR is 35 dB such as for NR-U or eLAA basestation, the ACS is 21 dB.


[bookmark: _GoBack]In yet another perspective, we observe recent discussions in European standardization bodies (ETSI) where ACS requirements have been tentatively agreed for operation of 5 GHz and 6 GHz in Europe.  The ACS is defined as follows in the 5 GHz RLAN harmonised standard [6] with ACS of approximately 16 dB.  Initial draft ETSI requirements for the 6 GHz band include a similar requirement with ACS of approximately 15 dB.
Table 10: Adjacent Channel Selectivity parameters 
	Wanted signal mean power from companion device
(dBm)
	Interferer signal frequency offset range
(MHz)
	Interferer signal power (dBm)
(see note 2 and note 3)
	Type of interferer
signal

	Pmin + [10 dB]
	20 ± 0,2
	Pmin + [26 dB]
	Same as the wanted signal with an equivalent Occupied Channel Bandwidth

	NOTE 1: 	Pmin is the minimum level of the wanted signal (in dBm) required to meet the minimum performance criteria as defined clause 4.2.9.3 in the absence of any interfering signal.
NOTE 2:	The levels specified are levels in front of the UUT antenna. In case of conducted measurements, the same levels should be used at the antenna connector irrespective of antenna gain.
NOTE 3:	The level specified for the interferer signal applies at the lowest data rate



Lastly, we return to the point raised in [2] regarding UE filter complexity.  It has been proposed by most companies to select a fixed 20 MHz bandwidth for the interfering signal.  However, as the wanted channel bandwidth increases, the ability of the baseband filter to reject a fixed 20 MHz ACS interferer diminishes due to the scaling of the passband and transition band.  Instead of scaling the bandwidth of the interferer as proposed in [2] to accommodate the filter response, it is proposed to adjust the ACS value itself.  One way to accomplish this could be to lower the ACS requirement as the bandwidth increases.  In fact, the proposals for fixed bandwidth already lower the ACS by factor or 10*log10(CBW/20 MHz) between interferer and wanted signal.  Instead of a constant ACS value across all bandwidths as proposed in [2], the ACS values decreases as the bandwidth increases to maintain the same PSD ratio between wanted signal and interferer.  Viewed another way, the power in the wanted signal increases while the interferer power stays constant as the bandwidth increases.  Therefore, while the filtering ability for a given complexity diminishes as the bandwidth increases, the wanted signal power is increased to compensate.
In summary, the justification for a more relaxed ACS value for NR-U compared to NR comes from the degraded ACLR in WiFi AP, NR-U or LAA basestation in the NR-U bands and the effect of noise ingress, an ACIR comparison taking into account the ACLR of 27 dB or 35 dB in NR-U bands, the specification of 16 dB ACS in ETSI for the European Harmonized Standard, and the limited ability of the UE baseband filter to provide attenuation to a fixed bandwidth interferer as the wanted channel bandwidth increases.  It is therefore proposed to agree to the 18 dB baseline ACS proposal for 20 MHz channel bandwidth and scale the ACS by -10*log10(CBW/20 MHz) as the bandwidth increases.
In summary, the justification for a more relaxed ACS value for NR-U compared to NR comes from 
1. Degraded ACLR for NR-U bands leads to increased in-band noise from the interferer that ultimately limits ACS performance.  There is no system benefit to improving the IP2 component of ACS if performance is limited by the in-band ingress from the interferer.  Relaxing ACS in a 1:1 ratio with the decrease in ACLR relative to NR specifications yields ACS = 9 dB for the WiFi AP interferer or ACS = 17 dB for the NR-U or LAA basestation interferer.
2. Comparing ACIR with the operating point along the ACIR curve used in NR specifications, the required ACS is 16 dB for the WiFi AP interferer or 21 dB for the NR-U or LAA basestation interferer.
3. Observing ETSI Harmonised Standard, the required ACS is 16 dB for operation in 5 GHz RLAN in Europe.
It is therefore proposed to agree to the 18 dB baseline ACS proposal for 20 MHz channel bandwidth and scale the ACS by -10*log10(CBW/20 MHz) as the bandwidth increases.
ACS is proposed as shown below for the case of 20 dB ACS for 20 MHz channel bandwidth, fixed ACS bandwidth of 20 MHz, and wanted power at REFSENS+14.
Table 7.5-2: ACS for NR-U bands
	RX parameter
	Units
	Channel bandwidth

	
	
	20 MHz
	40 MHz
	60 MHz
	80 MHz

	ACS
	dB
	18
	15
	13.2
	12



Table 7.5-5: Test parameters for NR-U bands, case 1
	RX parameter
	Units
	Channel bandwidth

	
	
	20 MHz
	40 MHz
	60 MHz
	80 MHz

	Power in transmission bandwidth configuration
	dBm
	REFSENS + 14 dB

	Pinterferer
	dBm
	REFSENS + 30.5 dB
	REFSENS + 27.5 dB
	REFSENS + 25.7 dB
	REFSENS + 24.5 dB

	BWinterferer
	MHz
	20

	Finterferer (offset)
	MHz
	20 / -20

	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 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 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.



Blocking
Receiver blocking requirements include in-band blocking and out-of-band blocking for NR-U.  Narrow-band blocking is not relevant in the 5 GHz and 6 GHz frequency bands.  For in-band blocking requirements, the NR requirements for 20 MHz case 1 blocking specify wanted signal power at REFSENS+6 with blocking signal at a fixed power level of -56 dBm.  For a reference sensitivity of approximately -90 dBm [7], this results in a C/I ratio of -28 dB.  For case 2 in-band blocking, the C/I ratio is -40 dB.  While the wanted signal power is 3 dB higher than it is for the comparable WiFi requirement, the case 1 C/I ratio is nearly the same (-28 dB vs. -29 dB).  In [3], however, it was observed that the LAA specification specifies wanted signal power at REFSENS+9 for the 20 MHz bandwidth.  The LAA values are therefore chosen below rather than NR.  For WiFi, the case 2 in-band blocker requirement is the same as for case 1, whereas with NR requirements, the NR-U requirement is tighter at -40 dB at the larger offset.  For out-of-band blocking, there is no equivalent WiFi requirement.  Therefore, the NR requirement is the closest available reference.  For these blocking requirements, the NR requirements are in reasonable alignment with WiFi requirements.
NR blocking requirements for bands above 3300 MHz also scale the bandwidth of the interfering signal to that of the bandwidth of the wanted signal.  However, in previous discussion it was suggested instead to specify a fixed 20 MHz bandwidth interfering signal as this is more closely aligned to how NR-U spectrum is partitioned by some regulators.  Since the bandwidth of interferer is fixed to 20 MHz, interferer power is adjusted to account for the wider filter response of the UE as the channel bandwidth increases. The blocker frequencies for Case 2 are also specified to be on discrete frequencies in multiples of 20 MHz offset from the wanted channel and aligned with the expected channelization in the NR-U band.
Table 7.6.2-3: In-band blocking parameters for NR-U bands 
	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
	13.8
	15

	BWinterferer
	MHz
	20

	FIoffset, case 1
	MHz
	30

	FIoffset, case 2
	MHz
	50



Table 7.6.2-4: In-band blocking for NR-U bands
	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 – 60
to
FDL_high + 60,
NOTE 4

	
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
NOTE 4:   Interferer carrier frequencies in the frequency range for Case 2 shall be located at discrete frequencies in integer multiples of 20 MHz offset from -CBW/2 – FIoffset, case 2 and CBW/2 + FIoffset, case 2



For out-of-band blocking, the NR requirements for frequency bands above 3300 MHz are clamped with wanted signal at REFSENS+9 dB for channel bandwidths 20 MHz and above.  Three ranges are defined where the blocking CW signal is received at -44 dBm, -30 dBm, and -15 dBm where the -15 dBm requirement is modified to be -20 dBm depending on the frequency band and the frequency range within range 3.  A few observations are listed below when considering NR-U channel bandwidths of 20, 40, 60, and 80 MHz 
1. Range 1 does not apply since 3CBW >= 60 MHz for all bandwidths under consideration.
2. Range 2 only applies for 20, 40, and 60 MHz channels for an upper frequency threshold of 200 MHz,
3. Range 3 applies for all channel bandwidths.
4. Range 3 is modified to -20 dBm within 600 MHz of the 3.5 GHz bands and within 750 MHz of the 5 GHz band.  The modification of the range 3 power level from -15 dBm to -20 dBm is in recognition of the relatively shallower frequency response of the band filters at high frequencies.  Since Band n46, and especially the future 6 GHz band is higher in frequency, it can be expected that the modification to -20 dBm should extend even further than 750 MHz from the band edge.  It is proposed that the modification to -20 dBm be extended down to 4200 MHz on the lower side since this represents the upper range of Band n77.    
5. Range 3 is modified to -20 dBm for frequencies above 6 GHz.  This means that range 3 above Band n46 is always modified to -20 dBm.  

Table 7.6.3-3: Out-of-band blocking parameters for NR-U bands 
	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 7.6.3-4: Out of-band blocking for NR-U bands
	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.



By applying the above table, the resulting frequency ranges for which out-of-band blocking levels apply for Band n46 are tabulated below
	
	20 MHz
	40 MHz
	60 MHz
	80 MHz

	-15 dBm
	1 - 4200
	1 - 4200
	1 - 4200
	1 - 4200

	-20 dBm
	4200 - 4950
	4200 – 4950
	4200 – 4950
	4200 – 4910

	-30 dBm
	4950 – 5090
	4950 - 5030
	4950 – 4970
	N/A

	-30 dBm
	5985 – 6125
	6045 - 6125
	6105 – 6125
	N/A

	-20 dBm
	6125 - 12750
	6125 - 12750
	6125 - 12750
	6165 – 12750



Wideband operation
The proposal for wideband operation in [1] has been generally agreeable in the past two meetings and is summarized below.
In-channel ACS and blocking are not defined for NR-U.  ACS and blocking are defined in the conventional manner to apply outside of the channel.  For wideband NR-U operation, ACS and blocking requirements apply when all sub-bands are allocated in the downlink.
Carrier aggregation and EN-DC
For carrier aggregation and EN-DC, both inter-band for CA and EN-DC and intra-band CA ACS and blocking specifications are needed.    
Band n46 combinations listed in [8] include  
NR CA: Band n1, n38, n78, n25, n66, n48
EN-DC:  Band 2, 48, 66
	Intra-band CA (downlink):  n46B, n46C, n46D, n46E, n46I
With the combinations listed above, inter-band and intra-band contiguous configurations are relevant while there are no intra-band non-contiguous configurations.
Inter-band CA and EN-DC
ACS and blocking requirements for inter-band CA and EN-DC configurations can follow the same conventions as adopted for inter-band CA and EN-DC for NR bands.  For inter-band CA with uplink on one carrier, ACS and blocking requirements are defined with the uplink active on the band other than the band whose downlink is being tested.  In the case of EN-DC where both uplinks are active, the ACS and blocking requirements apply as if they were single carrier.  
For EN-DC out-of-band blocking the output power of the uplink associated with each carrier is set according to sub-clause 7.6B.3.3 for 38.101-3 where two conditions are defined with EN-DC uplink power predominantly in the E-UTRA cell group and EN-DC uplink power predominantly in the NR (or NR-U in this case) cell group.  Exceptions are allowed when the second order intermodulation product of the lower frequency band UL carrier and the CW interfering signal fully or partially overlaps with the higher frequency band DL carrier.  The problem as described in [9] arises when the paired band is low in frequency and the high band has large bandwidth.  For Band n46, the band does indeed have large bandwidth and considering a possible shared filter with a future 6 GHz band (frequency possibly up to 7125 MHz) the CW blocker will not be rejected by the filter.  For example, the IM2 product between Band 2 uplink transmission and an OOB blocker located at 7 GHz can land within the downlink frequency range of Band n46.  The same can be said for a Band 66 uplink transmission with a blocker at 6.9 GHz.  Even if the Rx filter bandwidth is reduced to only cover the Band n46 frequency range, its rejection may not be sufficient at frequencies near 7 GHz to avoid Rx degradation.
Intra-band contiguous CA
For intra-band contiguous carrier aggregation ACS and blocking requirements, the same question regarding the interferer bandwidth (fixed bandwidth or scaled to aggregated bandwidth of wanted signal) arises.  NR requirements are inconsistent between bandwidth classes; for example, bandwidth class B is specified for fixed 20 MHz interferer, bandwidth class C with an interferer that scales to the aggregated bandwidth, and bandwidth class D a fixed 50 MHz interferer.
On the other hand, for NR-U, the number of bandwidth classes is potentially much larger in Rel-16.  Band combinations included as part of the WID [8] include bandwidth classes B, C, D, E, and I.  Additionally, new bandwidth classes M, N, and O were agreed in [10] though no CA configurations utilizing those new bandwidth classes are included in the WID since the proposal in [11] was not pursued (not agreed).  Consistent with the approach for single carrier and for reasons explained above, it is proposed that a 20 MHz interfering signal be specified for ACS and in-band blocking for NR-U intra-band CA.  The ACS value is scaled according to the maximum bandwidth supported in the bandwidth class from the baseline ACS of 20 dB for a single 20 MHz channel.
Table 7.5A.1-1: ACS for intra-band contiguous NR-U CA
	
	
	NR-U CA bandwidth class

	Rx Parameter
	Units
	B
	C
	D
	E
	I
	M
	N
	O

	ACS
	dB
	13
	10
	8
	7
	9
	9
	8
	7



Table 7.5A.1-2: Test parameters for intra-band contiguous NR-U CA 
	Rx Parameter
	Units 
	NR-U CA bandwidth class

	
	
	B
	C
	D
	E

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

	PInterferer
	dBm
	Aggregated power + 11.5 dB
	Aggregated power + 8.5 dB 
	Aggregated power + 6.5 dB
	Aggregated power + 5.5 dB

	BWInterferer
	MHz
	20

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

	Rx Parameter
	Units 
	NR-U CA bandwidth class

	
	
	I
	M
	N
	O

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

	PInterferer
	dBm
	Aggregated power + 7.5 dB
	Aggregated power + 7.5 dB
	Aggregated power + 6.5 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. 




For in-band blocking, the same principle of applying a 20 MHz interferer and scaling the wanted power signal applies.
Table 7.6A.2.1-1: In-band blocking parameters for intra-band contiguous NR-U CA 
	Rx Parameter
	Units 
	NR-U CA bandwidth class

	
	
	B
	C
	D
	E

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

	
	dB
	13
	16
	18
	19

	BWInterferer 
	MHz
	20

	FIoffset, case 1 
	MHz
	30

	FIoffset, case 2 
	MHz
	50

	Rx Parameter
	Units 
	NR-U CA bandwidth class

	
	
	I
	M
	N
	O

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

	
	dB
	17
	17
	18
	19

	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 7.6A.2.1-2: In-band blocking for intra-band contiguous NR-U CA  
	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*(maximum aggregated bandwidth for the bandwidth class)
to
FDL_high + 3*(maximum aggregated bandwidth for the bandwidth class)
NOTE 4

	
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
NOTE 4:   Interferer carrier frequencies in the frequency range for Case 2 shall be located at discrete frequencies in integer multiples of 20 MHz offset from -CBW/2 – FIoffset, case 2 and CBW/2 + FIoffset, case 2



For out-of-band blocking, similar to NR for bands above 3300 MHz, the wanted power is fixed to 9 dB above reference sensitivity.
Table 7.6A.3-1: Out-of-band blocking parameters for intra-band contiguous NR-U CA
	Rx Parameter
	Units 
	NR-U CA bandwidth class

	
	
	B
	C
	D
	E

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

	
	dB
	9

	Rx Parameter
	Units 
	NR CA bandwidth class

	
	
	I
	M
	N
	O

	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 7.6A.3-2: Out of-band blocking for intra-band contiguous CA
	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 – 3*(maximum aggregated bandwidth for the bandwidth class)
or
FDL_high + 3*maximum aggregated bandwidth for the bandwidth class)
≤ 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.




Conclusion
ACS and receiver blocking requirements for NR-U have been discussed with proposals provided in this contribution for single carrier, wideband operation with 20 MHz sub-bands, and CA/EN-DC.  The proposals take aspects found in WiFi requirements as well as NR requirements to form appropriate requirements for NR-U.  While the discussion has focused on Band n46, ACS and blocking requirements are general so should apply regardless of the band.  It is expected that the requirements described in this paper can be treated as general; however, as new bands are defined for NR-U, the assumptions taken to derive these requirements should be verified in the new bands.  
Specification tables for ACS, in-band blocking, and out-of-band blocking for both single carrier and CA are proposed in this contribution.  In general, the requirements are derived with interfering signals fixed at 20 MHz bandwidth.
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