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Introduction
Emission requirements for NR-U have been under consideration.  For the UE, the emission requirements consist of ACLR, SEM, spurious, EVM, and in-band emissions.  In addition, for wideband operation, an additional “puncture mask” has also been advocated.  This contribution assembles all of these emission requirements together to form one consolidated picture for non-CA based wideband operation.
Discussion
The various components of emission requirement have been discussed independently.  A status of discussions is provided below
· ACLR:  25.5 dB to 30 dB with an average value of 26.5 dB
· SEM:  Agreed to start with Figure 1 of [1], but can be revisited depending on study outcome.  Another proposed option is NR general SEM.
· Spurious emissions:  NR general spurious emissions is -30 dBm/MHz, but for Figure 1 of [1] is -40 dBr.
· EVM:  NR EVM requirement, but with a budget to account for contributions from entire Tx chain
· In-band emissions:  Not yet discussed
Additionally, a new emission requirement on punctured channel emissions has been proposed [2] for wideband operation.  The punctured emission mask is referred to as “in-channel emissions” in the rest of this paper.
Applicability of In-channel vs. out-of-channel emissions
Example 1
To understand how all of these emission requirements relate to one another, an illustration is provided below
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This diagram illustrates an 80 MHz NR-U carrier where a single 80 MHz BWP has been configured for wideband operation.  The 80 MHz BWP consists of four 20 MHz LBT sub-bands for which the first is not scheduled, perhaps due to CCA failure, but sub-bands 2, 3, and 4 are scheduled for uplink.  The LO is assumed to be located at the center of the carrier.  In this case, since the BWP coincides exactly with the carrier, the LO is also centered with respect to the BWP but not to the allocated sub-bands.
The in-channel requirements are those that are required within the frequency range of the channel.  Within the allocated sub-bands, EVM requirements apply on those sub-carriers which are scheduled according to their modulation.  For those sub-carriers within the scheduled sub-band (i.e., the green shaded portion) but not actually scheduled, e.g., those sub-carriers in between allocated RB’s of an interlaced waveform, the yet-to-be-determined in-band emission requirements apply.  While the IBE requirement has not yet been decided, a formulation similar to that specified for eLAA where the in-band emission applies locally about each allocated RB seems reasonable.  Also, within the scheduled sub-bands the LO will require an exception to in-band emissions.
Outside of the scheduled LBT sub-bands but within the BWP and within the channel are in-channel emission requirements as proposed in [2].  This in-channel mask is discussed further below.  However, since the IQ image overlaps this portion of the spectrum, an exception to the in-channel emission mask over this frequency range is allowed as shown in the diagram.  Of course if the in-channel emission mask is agreed to be the same or more relaxed that the IQ image exception (considered to be -25 dBr in [2]), then the exception is not needed.
Outside of the channel, ACLR, SEM, and spurious emission requirements apply.  As described in [3], these requirements are defined with reference to the channel bandwidth rather than to the active BWP or to allocated sub-bands within the channel or BWP.  Therefore, in this example, since the channel is 80 MHz wide, the ACLR is also measured over 80 MHz and the general SEM mask (according to NR general SEM or Figure 1 of [1]) is also with respect to N=80 MHz.  Spurious emission requirements of either -30 dBm/MHz for the option of using NR general SEM/spurious or -40 dBr for the option from [1].
Example 2
A second example is shown here
[image: ]
This is similar to example 1 except that there is only a single scheduled LBT sub-band within the wideband operation at position 4.  Therefore, the EVM and IBE requirements only apply over this range whereas the in-channel emission requirements apply over the range of non-scheduled LBT sub-bands 1 to 3.  The LO exception this case is therefore an exception to the in-channel mask rather than the in-band emissions as in example 1.  The IQ image exception is also shown as an exception to in-channel emissions.  Since the channel bandwidth is still 80 MHz in example 2, the ACLR, SEM, spurious emission requirements are relative to 80 MHz and are therefore the same between example 1 and example 2.
Example 3
A third example is shown here
[image: ]
In this third example, the channel is still 80 MHz wide but the active BWP is only a 60 MHz subset.  Within the BWP is a single scheduled LBT sub-band in position 2.  Since the BWP does not cover the entire channel, the LO is no longer centered within the BWP.  The in-channel requirements of EVM, IBE, in-channel emissions, exceptions for LO and image are as illustrated.  The out-of-channel requirements of ACLR, SEM, and spurious emission are with respect to the 80 MHz channel and therefore the same in all three examples.
In-channel emissions
In-channel emissions are described in [2] where three options are proposed for evaluation.  
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The proposal shown in the table above defines emission limits at breakpoints defined by “LE + offset” where LE is defined as “the frequency of the lower edge of the succeeded LBT sub-band (in MHz)”.  Several problems are observed with this proposal.  Firstly, consider the LBT sub-bands as shown in Example 1 above.
[image: ]
The lower edge of the successful LBT sub-band is the lower edge of LBT SB2 in the figure.  Relative to the center carrier frequency, this lower edge can be represented at -20 MHz.  Therefore, LE + 1 MHz would be at frequency -19 MHz, which of course is within the transmission so cannot be subject to in-channel emissions.  The only logical interpretation is that the frequency is intended to be LE – 1 MHz which would place the corner frequency at -21 MHz.  The second issue with the proposal is that the offsets of 1 MHz, 5 MHz, 10 MHz, 20 MHz, and 40 MHz are fixed and appear to be sized according to a single 20 MHz transmission.  However, when the transmission is 60 MHz as shown above, the offsets should be scaled accordingly in the same way that IEEE or ETSI masks scale (except in the first MHz in the transition from 0 dBr to -20 dBr).  With this understanding, the in-channel emission requirement for this example becomes
		Freq
	Opt 1
	Opt2
	Opt 3

	-20
	0
	0
	0

	-21
	-20
	-20
	-20

	-40
	-23.28
	-22
	-20



	
	
	



Where the emission dBr values shown in the table indicate the emission levels at the given frequency.  In other words, at the edge of the channel at -40 MHz frequency, the emission requirement for Option 1 would be -23.28 dBr.  This is derived assuming a slope from -20 dBr to -25 dBr over a frequency range equal to the half transmission bandwidth – 1 MHz (from LE+1 to LE+10 in the table above), N/2 = 30 MHz in this case.  

[image: ]
In the second example, the in-channel emission extends over 60 MHz.  The calculation of breakpoints in the mask is shown below.
	Freq
	Opt 1
	Opt2
	Opt 3

	20
	0
	0
	0

	19
	-20
	-20
	-20

	15
	-25
	-21.33
	-20

	10
	-28
	-23
	-20

	0
	-28
	-25
	-20

	-20
	-25
	-25
	-20

	-40
	-25
	-25
	-20



Note that an IQ image exception of -25 dBr has been applied in the frequency range of -20 MHz to -40 MHz.
Out-of-channel emissions
SEM and spurious emissions for out-of-channel emissions is illustrated below for two options considered:  NR general SEM and Figure 1 from [1].  Note that the NR general SEM applies an emission floor of -30 dBm/MHz according the ITU SM.329 recommendation.  In fact, ETSI applies the same floor.  However, the proposal from [1] and the IEEE mask either does not apply a floor or sets the floor -59 dBm/MHz.  The illustration here shows a comparison of the out-of-channel mask for an 80 MHz channel with the NR-U signal applying 3 dB of MPR relative an assumed maximum output power of 20 dBm for PC5 with all four 20 MHz sub-bands within the channel scheduled.

It is observed that since the in-channel emissions and out-of-channel emissions are based on different criteria, a discontinuity between the two may occur.  One remedy to this is to extend the in-channel mask to the out-of-channel region until the two masks intersect.  However, the impact of this has not yet been investigated.

Wideband simulation scenarios
Considering an 80 MHz channel, the following sub-band configurations are possible
[image: ]
The notation used here is ‘0001’ to represent four sub-bands within an 80 MHz channel where only the rightmost (sub-band position 4) is scheduled.  It can be seen that there are 10 possible configurations, but only six if symmetry is assumed.  The PA response due to memory effects is not necessarily symmetric in practice, however.  
Conclusion
This contribution summarizes the options for wideband operation emission requirements.  The various requirements are divided between those applicable in-channel and out-of-channel.  Out-of-channel requirements are based on the channel bandwidth while in-channel requirements are dependent on the offset from and the size of transmitted LBT sub-bands. 
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Composite 20 dBr in-channel and NR general out-of-channel
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