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Introduction
In an LS from ECC PT1 [1], a question was posed whether an existing mobile band could be adapted to support the operation of unmanned aerial systems (UAS) and its associated emission requirements.  This contribution provides discussion points to formulate a response to PT1.
Discussion
In [1] it was revealed that a coexistence study between UAS UE’s transmitting above 1710 MHz could provide sufficient protection to Meteorological satellite earth stations receiving below 1710 MHz as long as UE unwanted emissions are restricted to no more than -30 dBm/MHz (option 1) or -40 dBm/MHz (option 2).  The required frequency protection range is 1670 – 1710 MHz.  ECC PT1 requests feedback on whether a mechanism could be created to enable Band 3 UE’s to meet this emission requirement or whether a new band definition would be required.  The Band 3 uplink frequency range is defined as 1710 – 1785 MHz.
To answer these questions, there are two different aspects to consider.  The first is the technical requirements necessary to meet the emission limits.  These requirements include A-MPR, RB restrictions, and/or channel placement; i.e., guard bands.  The second aspect is whether any new technical requirements could be included in the Band 3 specifications or whether the definition of a new band is required.  
Technical requirements
In consideration of option 1, UE’s are required to fulfill -30 dBm/MHz emissions as part of the general spurious emission requirement at an offset of channel bandwidth + 5 MHz from the edge of its channel for channels wider than 5 MHz.  This is illustrated below in the definition of the boundary between out-of-band and spurious emissions.  For frequency ranges greater than this boundary removed from the channel edge, spurious emission requirements apply.  The general spurious emission requirement for frequencies above 1 GHz is -30 dBm/MHz.
Table 6.6.3.1-1: Boundary between E-UTRA out of band and spurious emission domain
	Channel bandwidth 
	1.4
MHz
	3.0
MHz
	5
MHz
	10
MHz
	15
MHz
	20
MHz

	OOB boundary FOOB (MHz)
	2.8
	6
	10
	15
	20
	25



Therefore, the offset or guard band required to meet -30 dBm/MHz emissions can be immediately recognized.  For channels located closer to protected frequency range inside the out-of-band emissions domain, an A-MPR could be defined to enable the device to meet -30 dBm/MHz.  The general SEM requirement at 1 MHz offset from the channel edge is -10 dBm/MHz for out-of-band emissions as shown below.  
Table 6.6.2.1.1-1: General E-UTRA spectrum emission mask
	Spectrum emission limit (dBm)/ Channel bandwidth

	ΔfOOB
(MHz)
	1.4
MHz
	3.0
MHz
	5
MHz
	10
MHz
	15
MHz
	20
MHz
	Measurement bandwidth

	 0-1
	-10
	-13
	-15 
	-18
	-20
	-21
	30 kHz 

	 1-2.5
	-10
	-10
	-10
	-10
	-10
	-10 
	1 MHz

	 2.5-2.8
	-25
	-10
	-10
	-10
	-10
	-10 
	1 MHz

	 2.8-5
	
	-10
	-10
	-10
	-10
	-10
	1 MHz

	 5-6
	
	-25
	-13
	-13
	-13
	-13
	1 MHz

	 6-10
	
	
	-25
	-13
	-13 
	-13 
	1 MHz

	 10-15
	
	
	
	-25
	-13 
	-13 
	1 MHz

	 15-20
	
	
	
	
	-25 
	-13 
	1 MHz

	 20-25
	
	
	
	
	
	-25 
	1 MHz



The transmit power backoff (A-MPR) to attenuate emissions from -10 dBm/MHz to -30 dBm/MHz is approximately 7 dB assuming ideal 3rd order behavior.
Therefore, one possible formulation to meet the option 1 requirement of -30 dBm/MHz is
· For guard band greater than or equal to 1 MHz but less than CBW + 5, the A-MPR is [7] dB
· For guard band greater than CBW + 5, no A-MPR is needed
For option 2 where the required emission limit is -40 dBm/MHz it is observed that a similar condition is required for Bands 7, 38, 1, and 39 already defined in 3GPP specifications.  For these bands, emissions of -40 dBm/MHz must be met at a 25 MHz (FDD uplink band) or 30 MHz (TDD uplink band) offset from the uplink channel edge. Moreover, an uplink RB restriction of 54 RB’s or fewer is specified for 15 MHz and 20 MHz channels.  No RB restriction is needed for smaller channels.  Inside of the 25 MHz guard, recognizing the general SEM of -10 dBm/MHz as the highest emission, the A-MPR may be approximately 10 dB required to enable the UE to reduce this emission below -40 dBm/MHz.
Therefore, one possible formulation to meet the option 2 requirement of -40 dBm/MHz is
· For guard band greater than or equal to 1 MHz but less than 25 MHz, the A-MPR is [10] dB
· For guard band greater than 25 MHz, no A-MPR is needed but the uplink for 15 and 20 MHz channels is limited to 54 RB’s or fewer
Leveraging Band 3
The second aspect for consideration is whether the new UAS UE emission requirements can be implemented as a part of Band 3 specifications or whether the definition of a new band is required.  It is generally desirable to enable reuse of the existing band to leverage its associated cellular ecosystem.  This may be particularly beneficial for the use case associated with UAS since by itself, it may not represent as large of an ecosystem as cellular.  At the same time, however, it should be recognized that Band 3 having already an established ecosystem should not be unnecessarily burdened with new requirements that impact either backwards compatibility or impose new design requirements not otherwise needed without the introduction of UAS into the band.  Therefore, a solution is needed which allows and enables the use of Band 3, but does not mandate legacy or future Band 3 devices to support UAS-specific requirements.
It is proposed that a capability signaling bit is created.  This capability bit denoted as aerialCapable in this contribution is optionally signaled by the UE to the network to indicate it is a device for which UAS requirements should apply.  Strictly speaking, it may not be necessary to signal this information to the network since the UAS nature of the device could be transparent to the network, but the signaling of this capability provides an opportunity for the network to optimize scheduling for this UE and to better understand the output power restrictions of this UE (due to the A-MPR that may be needed).  Additionally, signaling of this capability can help facilitate testing of the UE to ensure that it meets necessary emission requirements above and beyond what a terrestrial UE would be required to meet.  If this bit is not signaled by the UE, the default condition is “not capable”.  In this way, legacy UE’s or future UE’s that do not support UAS would simply not signal the capability and therefore not be burdened with additional requirements.  It is envisioned that the capability bit is defined “per-UE” since the fact that the UE supports UAS is most likely a function of its installation rather than the particular band that it is operating on.
NS signaling is a mechanism for the network to indicate for the particular cell that additional spurious emission requirements apply; such a mechanism is necessary here.  The signaling of NS in the SIB has conventionally been interpreted across the entire cell.  In other words, all UE’s in the cell whether they support the UAS function, i.e., aerialCapable is signaled as true, or not would be subjected to the requirements indicated by the NS.  However, this is not the desired behavior since terrestrial UE’s are not intended to be subjected to the additional emission requirements.  The additional emission requirements were designed for aerial UE’s in the air where the interference to satellite earth stations could be greater than that from terrestrial UE’s due to a greater opportunity for line-of-sight from the aerial UE.  Therefore, one possibility is for the network to send the new NS, but only UE’s that signal aerialCapable would react to the NS.  In fact, the applicability of the NS could be further restricted to aerialCapable UE’s that are actually in the air, but this could be an optimization.  UE’s that do not signal aerialCapable either do not understand the new NS if they are legacy devices or can ignore the NS if they are newer devices.  Not only does the NS indicate that additional spurious emission requirements apply, but it also allows the use of A-MPR to enable the UE to meet the requirement.  In order to safeguard legacy Band 3 devices that were built prior to the definition of the new NS and therefore cannot interpret the new NS, the multiple NS signaling feature [2] should be used by the network.  Since there is no NS currently defined for Band 3, the default NS_01 applies and should be signaled in the primary field of the SIB so that legacy UE’s can connect as usual.  The new NS would be signaled in a secondary field that only newer UE’s can interpret and either comply if aerialCapable is signaled or ignore if it is not.
Conclusion
An LS from ECC PT1 requesting feedback on the ability of a UAS UE to meet either -30 dBm/MHz or -40 dBm/MHz emission requirements, as well as the reuse of Band 3 is considered in this contribution.  The conditions of A-MPR, RB restrictions, and channel placement for a UE to meet the emission requirements are suggested based on similar requirements already defined for other bands.  The opportunity to reuse Band 3 is also presented with a proposal to create a new capability bit, the signaling of a new NS value in Band 3 as part of multiple NS signaling, and a method for UE’s to selectively apply the new NS depending on at least its capability setting.
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