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Introduction
This contribution is an update to [1] on the topic of receiver ACS and blocking for NR-U as a general requirement applicable to Band n46 and future NR-U bands to be defined.  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
General
When discussing ACS and receiver blocking requirements, it is assumed that these requirements are applied under static/semi-static conditions.  In other words, the requirements apply based on configuration of the channel and scheduling of resources.  The requirements do not apply under dynamic scenarios such as LBT CCA success or failure.  Radio reconfiguration is not expected (but is also not precluded) from responding to fast changing conditions associated with LBT.  Additionally, in the following discussion on ACS or blocking interferers, it is assumed that they are OFDM type waveforms as might be encountered in the unlicensed bands where NR-U is expected to be deployed but it is important to recognize that they should not be assumed to be the same type of system as NR-U.  In other words, orthogonality of tones as afforded by OFDM should not be assumed between adjacent heterogeneous systems.  To properly discount the orthogonalization of tones from an adjacent OFDM signal, the interferer should not be synchronized with the wanted signal.  The specifications enforce this by specifying a sub-SCS frequency offset to the interfering signal.
Proposal:  ACS and blocking requirements apply under static/semi-static conditions of configuration and scheduling only.  Interfering signals are to be specified with sub-SCS frequency offset relative to wanted signal.
This proposal was generally agreeable [6] during discussion in the previous meeting although one company requested time to further consider the sub-SCS frequency offset relative to the wanted signal.
Single carrier
ACS and blocking requirements are beneficial to indicate that the UE operating within its channel is able to correctly receive its signal while simultaneously exposed to unwanted signals in adjacent, alternate-adjacent, and channels further away.  In deriving ACS and blocking requirements for NR-U, it is illustrative to first summarize how these are defined for LAA and for WiFi since it is likely that NR-U will have to coexist with these two technologies in the same band.  At the same time, NR requirements are also listed since an objective of the NR-U work item is to leverage and reuse NR features as much as possible [2].  ACS and blocking requirements are summarized in the table below.
	
	LTE LAA (20 MHz)
	802.11ax WiFi
	NR (for bands ≥ 3300 MHz, 20 MHz CBW)

	ACS case 1
	
	
	

	Wanted signal power
	REFSENS + 14 dB
	REFSENS + 3 dB
	REFSENS + 14

	Interferer power
	REFSENS + 39.5 dB
	REFSENS + 16 dB (ACS C/I = -13)
	REFSENS + 45.5

	Interferer bandwidth
	20 MHz
	20 MHz
	20 MHz

	ACS case 2
	
	
	

	Wanted signal power
	-50.5 dBm
	N/A
	-56.5 dBm

	Interferer power
	-25 dBm
	N/A
	-25 dBm

	Interferer bandwidth
	20 MHz
	N/A
	20 MHz

	In-band blocker
	
	
	

	Wanted signal power
	REFSENS + 9 
	REFSENS + 3
	REFSENS + 6

	Interferer power
	-50 dBm (case 1)
-44 dBm (case 2)
	REFSENS + 32 (C/I = -29)
	-56 dBm (case 1)
-44 dBm (case 2)

	Interferer bandwidth
	20 MHz
	20 MHz
	20 MHz

	Out-of-band blocker
	
	
	

	Wanted signal power
	REFSENS + 9 
	N/A
	REFSENS + 9

	Interferer power
	-44 dBm (range 1)
-30 dBm (range 2)
-15 dBm (range 3)
Exceptions allowed
	N/A
	-44 dBm (range 1)
-30 dBm (range 2)
-15 dBm (range 3)
Exceptions allowed

	Interferer bandwidth
	CW
	N/A
	CW

	Narrow-band blocker
	
	
	

	
	N/A
	N/A
	N/A for bands > 3300 MHz



ACS
It can be seen that LAA and NR ACS requirements are significantly more stringent than those of WiFi.  The ACS requirements for LAA and NR are 27 and 30 dB, respectively.  In contrast, the WiFi ACS requirement is 13 dB.  Moreover, the WiFi ACS requirement is conducted at a wanted signal power level only 3 dB above reference sensitivity, so thermal noise will have non-trivial influence in addition to distortion products due to the presence of the interferer.  Each of these aspects is treated below.
The ACS signal-to-interferer ratio is observed to be lower (more relaxed) for WiFi than for LAA or NR.  One reason is that the wanted signal power level is closer to reference sensitivity as described above.  Therefore, the contribution of thermal noise lowers the amount of interference-generated noise that can be tolerated.  But another more important reason is that the ACLR requirements for transmitters in the unlicensed band are more relaxed.  The 802.11ax WiFi emission mask implies an ACLR of approximately 26 dB.  The NR-U ACLR requirement has been tentatively agreed to be 27 dB.  This is in stark contrast to the ACLR requirement of a basestation transmitter for which NR requirements were derived (the adjacent downlink channel in a licensed network is likely to be occupied by the downlink from another basestation) whose requirement is 45 dB.  Since the adjacent channel interfering signal should conform to these ACLR requirements, its emissions leaking into the wanted channel can be calculated.  Emissions from the adjacent channel cannot be filtered by the receiver since they fall in-channel and therefore impose a limit on receiver performance in addition to receiver nonlinearity.  There is no system benefit to specifying a high ACS requirement if the corresponding leakage from the interferer ultimately limits receiver performance.  The difference in ACLR between a basestation in an adjacent NR channel compared to WiFi in an adjacent NR-U channel is 45 – 27 = 18 dB.  To keep the same in-band power ingress, the ACS ratio should be scaled by 18 dB.  For 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 approximately -83 dBm.  It was proposed in [1] to therefore scale the ACS dB-for-dB with the reduced ACLR in order to maintain the same in-band ACLR leakage power.  This leads to an ACS requirements of 15 dB which closely aligns with the WiFi requirement of 13 dB.  Another perspective, however, is to evaluate the coexistence performance.  This can be viewed by evaluating the ACIR.  ACIR is a parameter that combines both transmitter ACLR and receiver ACS to produce an overall coexistence metric.  It is defined as 

Plotted below is the ACIR as a function of ACS for fixed ACLR of 45 dB (NR) and 27 dB (NR-U)

It can be seen that the ACIR curve is asymptotic to the fixed ACLR value.  In other words, as ACS is improved beyond a certain point, there is no further improvement in ACIR.  Moreover, it does not make sense to specify ACS requirements on this curve at a point that is very close to the asymptote since the cost to ACS in terms of linearity and current consumption of the receiver is not justified by the improvement in ACIR.  For example, for NR the transmitter ACLR is 45 dB while the receiver ACS is 33 dB.  At this point along the curve, the ACIR is 32.7 dB or 73% of final value.  Using the same final value for NR-U, it is shown in the figure below that the corresponding ACS is approximately 20 dB.

Thus, two options for ACS are available.  The first option is to maintain the in-band leakage power leading to an ACS of 15 dB.  The second option is to maintain the same fraction of ACIR leading to an ACS of 20 dB.
The above justification for the ACS value applies in the case of a 20 MHz interferer adjacent to a 20 MHz channel.  One question that remains is whether the ACS interferer bandwidth should scale with the channel or whether it should be fixed at 20 MHz.  In the event that the ACS interferer bandwidth scales with the channel bandwidth, the ACS ratio can be constant because the UE filter bandwidth and transition region scales with the channel, but the interferer also scales identically.  In the event that the ACS interferer bandwidth is fixed at 20 MHz, then as the channel bandwidth increases, the UE filter bandwidth and transition region also increases.  To maintain an equivalent filtering complexity in the UE across channel bandwidths, the ACS ratio is scaled for wider bandwidths.  In this way, the PSD of the interferer remains the same whether the interferer bandwidth is fixed or scaled.
The next aspect to consider is the power level(s) for which the ACS requirement should be applied.  Traditionally, RAN4 has defined case 1 and case 2 ACS requirements representing low level and high level absolute power levels, while WiFi defines a single power level near reference sensitivity.  The ACS requirement is stated as 
a measure of a receiver's ability to receive an NR signal at its assigned channel frequency in the presence of an adjacent channel signal at a given frequency offset from the centre frequency of the assigned channel. ACS is the ratio of the receive filter attenuation on the assigned channel frequency to the receive filter attenuation on the adjacent channel(s).
Filtering of the ACS is accomplished in baseband, so in practice, ACS requirements are not only a verification of this filtering but also of the linearity of the front-end receive componentry before filtering has had a chance to reject the interferer.  In particular IP2 and IP3 linearity of the LNA and analog receive path play a significant role in the ability to meet ACS requirements.   In this respect, it is more important to test the receiver at higher power levels where linearity and filtering are more dominant factors than near sensitivity where thermal noise also influences the outcome.  Noise figure is already verified by reference sensitivity, so ACS and blocking should focus on linearity, frequency response, and dynamic range.  Since second and third order non-linear products scale 2x and 3x with increasing signal power compared to the wanted signal, a higher power level for the wanted signal and interfering signal (while maintaining the same ACS ratio) represents a more targeted requirement on receiver linearity.  Therefore, it is proposed to maintain the NR ACS condition of wanted signal at REFSENS+14 compared to the WiFi condition at REFSENS+3dB.  
Case 2 ACS is defined for a condition of very high power where the interfering signal is received at a power level near maximum input power of the receiver.  This case is not at all conceived of in the WiFi specifications where blocking is only specified near reference sensitivity.  In licensed cellular networks, the dynamic range of received power levels is much higher due to larger cell sizes especially in rural deployments, but such deployment scenarios are not as likely for NR-U.  Therefore, a case 2 requirements is not needed for NR-U.
Finally, 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
	20
	17
	15.2
	14



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 + 32.5 dB
	REFSENS + 29.5 dB
	REFSENS + 27.7 dB
	REFSENS + 26.5 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.



Proposal:  ACS for case 1 is specified as above.  Case 2 is not applicable for NR-U.
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 [3], 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).  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
	6
	9
	10.5
	12

	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



Proposal:  In-band blocking for NR-U is specified as above.  
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



Proposal:  Out-of-band blocking for NR-U is specified as above.  
Wideband operation
The above discussion on ACS and blocking requirements are straightforward extensions of NR and/or WiFi in the case where a single carrier is considered.  However, in the case of wideband operation where one or more 20 MHz LBT sub-bands may not be scheduled within a wideband channel, the applicability of ACS and blocking requires further discussion.  Illustrated below is an 80 MHz channel that is either fully scheduled or partially scheduled with LBT sub-bands.  Only the simpler case of contiguous sub-bands is shown since the complexity only increases when non-contiguous sub-bands are also included.  
[image: ]
In the figure, yellow shaded blocks represent scheduled 20 MHz downlink sub-bands within the 80 MHz channel.  The first row in the figure illustrates the case where ACS and blocking bandwidths are constant 20 MHz irrespective of the channel size or the sub-bands within the channel that are actually scheduled.  The second and third rows illustrates the case where the ACS and blocker bandwidth are the same as that of the channel, irrespective of the scheduled sub-bands within the channel.  The fourth and fifth rows illustrate the option where the ACS and blocker bandwidths are the same as the width of the contiguously scheduled 20 MHz sub-bands.  It is readily apparent even without illustration that the option to scale ACS and blocker according to scheduled 20 MHz sub-bands does not easily extend to the case where the sub-bands are not contiguously scheduled.  Thus, we propose to immediately disregard this option.  The question then remains whether the ACS and blocker bandwidths should be fixed at 20 MHz or should scale to the channel bandwidth.  
Both options are valid and in fact, are analogous to the difference in ACS and blocker bandwidth between LTE and NR specifications.  For LTE, the ACS and blocker bandwidths were typically fixed to 5 MHz whereas for NR in new bands the ACS and blocker bandwidths typically scale with the bandwidth of the channel.  LTE specifications chose fixed 5 MHz bandwidths to protect against UMTS blockers in the same band, while NR specifications chose wider bandwidth blockers in new bands since legacy systems were not expected to operate in the new NR bands.  Additionally, scaling the bandwidth to the channel bandwidth is a better reflection of the baseband digital filtering implementation in the UE whose transition region and rejection generally scale with bandwidth and sample rate.  
While the proposal in [1] was to scale the ACS and blocker bandwidth, it was pointed out during discussion that a fixed 20 MHz bandwidth more closely reflects the regulatory partitioning of bandwidth in some countries.  Moreover, there is no particular justification that the adjacent and alternate-adjacent channels will necessarily be the same bandwidth as the wanted channel.  Therefore, we update the proposal to set the ACS and in-band blocking bandwidths to be fixed at 20 MHz for NR-U bands.
Proposal:  ACS and in-band blocker bandwidths are fixed at 20 MHz for NR-U bands.
The above proposal pertains to ACS and blocker requirements outside of the channel.  However, in the event of partial sub-band scheduling within the channel, there is the possibility to introduce in-channel ACS and blocking requirements in the same way that Tx spectrum emission requirements were agreed to be specified in-channel as well as out-of-channel.  The following representative scenarios can be envisioned (not all possible configurations are illustrated)
[image: ]
Figure 2.  Potential in-channel ACS and blocking scenarios

In the above diagram, each block represents a 20 MHz sub-band within a wideband channel of bandwidths 40, 60, and 80 MHz.  Outside of the wideband channel, ACS and in-band blocking case 1 and case 2 requirements apply with bandwidth according to the channel bandwidth as proposed above.  Newly added, however, are potential in-channel ACS and blocking requirements with channel bandwidth of 20 MHz.  While there is plausible system justification for adding in-channel requirements for NR-U as it is intended to share spectrum in 20 MHz sub-bands with other systems, there are a number of challenges associated with adding this new requirement.  The number of possible configurations can be large.  For 80 MHz channels with four 20 MHz sub-bands, there are 14 possible configurations where partial sub-bands are scheduled.  These include single 20 MHz sub-bands where ACS might be located, two adjacent sub-bands where ACS and IBB1 might be located, and three adjacent sub-bands where IBB2 might also be included.  Is there significant value to define requirements and test cases for all of these configurations?  In addition, it is not expected that the UE will implement specific baseband filtering (though it is not precluded in implementation) for every possible configuration, especially those that include non-centered and/or non-contiguous sub-bands.  Therefore, the value of in-channel requirements would require further study since out-of-channel requirements cannot simply be copied.  Lastly, ACS and blocking requirements depend on the reference sensitivity power level to set the power level of the wanted signal; i.e., REFSENS + 14 dB, and the interferer.  However, it has been proposed [4] and generally agreeable [6] that reference sensitivity is defined with fully allocated and fully populated downlink RB’s.  In that case, the reference sensitivity for partial allocation is not available.
Proposal:  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.
This proposal was generally agreeable [6] during discussion in the previous meeting.
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 [2] 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 [3] 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 [2] include bandwidth classes B, C, D, E, and I.  Additionally, new bandwidth classes M, N, and O were agreed in [7] though no CA configurations utilizing those new bandwidth classes are included in the WID since the proposal in [8] 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 in Band n46 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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