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Introduction
ECC has published a decision [1] for rules governing the unlicensed usage of the frequency band 5945 – 6425 MHz available for mobile service, fixed service, and fixed-satellite service in Europe.  The techincal requirements as they relate to UE RF requirements were summarized in [2].  This contribution provides further discussion and initial A-MPR simulation results for VLP (very low power) category of device.
Discussion
The case for VLP
In its decision [1], CEPT defined technical rules for two use cases; namely
· Low power indoor (LPI) use, maximum mean 200 mW e.i.r.p., with no outdoor use allowed;
· Very low power (VLP) portable use, maximum mean 25 mW e.i.r.p., that may both operate indoor and outdoor.
It is stated the e.i.r.p. requirements assumed generic WAS/RLAN systems where it is further described that those systems can be described by two common configurations: centralised systems, where multiple devices are connecting to an access point (AP), and non-centralised systems, where multiple devices communicate directly in a small area on an ad-hoc basis.
It is the expectation of CEPT that both use cases are enabled and in fact, an interim emission requirement was defined for VLP expressly for the purpose to alowing the VLP initial market to take up before it is revisited at the end of 2024.  Therefore, it would be remiss of 3GPP to include LPI in its specification but not VLP.  The deployment model for VLP has been questioned (discussion documented in [3]) with a claim that outdoor basestations are disallowed and a concern raised that VLP deployment is not compatible with 3GPP NR-U technology.  Indeed, the ECC report does suggest that the intended application for VLP is direct communication which may not be well matched to NR-U; however, nowhere in the rules is there a prohibition of outdoor basestations or other types of communication including centralized communication between access point and client (or gNB and UE).  The only restrictions are those related to EIRP, emissions, and the requirement that the device be portable but not installed on a drone.  Therefore, a gNB or AP installed on a moving platform such as a car or truck might be such an example with care that the emission requirements are met.  
Indoor and outdoor operation
Another concern originally raised in [2] and expanded upon in [4] is the potential for a VLP device to improperly identify itself with an LPI network and transmit at a level exceeding the regulation when outdoors.  This may be possible in case the VLP device outdoors connects to an LPI gNB located indoors if the VLP is just outside of an open doorway or window for example.  As commented in [2], there is no UE RF solution to this problem; as long as the VLP UE receives energy from the gNB, it will connect and operate as if it were an LPI device unaware that it is phyiscally located outdoors.  The only UE RF solution is to permanently degrade all devices to behave only as VLP.  Note this would also apply to LPI devices since there is no assurance that LPI devices might not wander outdoors even if only intended for indoor usage.  However, degrading all devices to VLP was not the intention when the spectrum was evaluated for WAS/RLAN suitability.  The potential for LPI transmission outdoors was considered in the compatibility studies [5] where it is written “some additional techniques/restrictions may need to be applied in order to maintain the indoor WAS/RLAN usage or to mitigate the effects in cases of accidental WAS/RLAN outdoor use.”  Examples were provided including databases for coordination, geo-location, etc., but these were only made in the context of high power deployments.  Low power indoor and very low power portable devices were judged to be compatible without additional technical and regulatory solutions.  Therefore, it is our proposal that this potential issue does not need to be addressed in the 3GPP specifications.
A-MPR
A-MPR is needed to enable the VLP UE to meet regulatory emission requirements.  In particular, there are requirements on maximum EIRP, maximum PSD, and additional spurious emissions that need to be accounted for.  It has already been agreed that a new power class would not be defined for VLP at this time; instead, the power class 5 is used with additional transmit power limitations signaled by NS was the agreed approach.
Maximum output power and PSD limitation
To limit the maximum output power and PSD, it might be conceived to define A-MPR associated with an NS indicated by the network.  In fact, this is the approach that was used for PSD limitations implemented so far for NR-U bands.  However, one shortcoming of this approach should be recognized.  It is well understood that A-MPR only defines an upper bound on the power backoff that a UE is allowed to take.  The UE is free to take less A-MPR than specified or perhaps none at all so long as it can fulfill the requirements that the A-MPR was intended to facilitate.  This is evident by the fact that A-MPR is specified as ≤ in the requirement and that it is only included in PCMAX_L but not PCMAX_H.  On the other hand, the fundamental requirement in this case (maximum output power and/or PSD) is only met by power reduction; that is, there is no other way to meet the requirement by better linearity or filtering as there might be for spurious emission based A-MPR.  Therefore, it could be argued that A-MPR should be mandatory in this case which might imply that A-MPR is specified with both an upper and lower bound as x ≤ A-MPR ≤ y and PCMAX_H should be modified to include this A-MPR.  However, doing so would appear to be a fundamental change to the usage of A-MPR that may have other implications.  Thus, we also consider other options as follows
1. A-MPR is defined with both an upper and lower bound and included in the PCMAX_H limit,
2. Instead or in addition to A-MPR, PEMAX is used to restrict the maximum output power,
3. No change is implemented in 3GPP specifications and it is instead recognized that 3GPP specifications do not supercede local regulations and should not be interpreted as “necessary and sufficient” with respect to such regulations.
Our recommendation is both option 2 and option 3.  That is, the A-MPR should be defined but maintained as an upper limit only, the network should indicate PEMAX according to the regulation on maximum output power, and the UE manufacturer should recognize that while 3GPP makes every effort to produce specifications according to regulations with NS signaled requirements, simply meeting 3GPP requirements is not a substitute for compliance to all relevant regulations.
PA calibration
In order to be able to meaningfully compare A-MPR simulation results from multiple companies, it is beneficial to align on a PA calibration waveform and associated parameters.  For PC5, the following was agreed [6]
· Agreement: 1dB MPR for PC5 and DFT-s-OFDM QPSK 100RB3 20MHz waveform
where the PC5 NR-U ACLR is specified to be 27 dB and NR-U SEM according to sub-clause 6.5F.2.2 of TS 38.101-1.  Since the same power class is used for VLP, it is assumed that the same calibration waveform, ACLR, and SEM apply.  However, the calibration output power should be established.  One possibility is to apply the same 1 dB MPR output power level for VLP.  However, since the maximum output power for PC5 is specified to be 20 dBm while the maximum allowed EIRP for VLP is 14 dBm, the power backoff will be at least 6 dB for VLP.  In fact, a 7 dB MPR would correspond to scaling of 6 dB according to the 20 dBm PC2 maximum output power and 14 dBm maximum output power for VLP.  However, since the PA models used in 3GPP simulations are generally constant bias, then these would not properly reflect practical PA performance where the bias is expected to be adjusted for output power levels 6 dB lower than maximum output power.  Therefore, it is suggested that the calibration output power be modified for VLP to better reflect the practical linearity of the UE at 14 dBm.  The following is suggested as one possibility
· Proposal for VLP: 7dB MPR for PC5 and DFT-s-OFDM QPSK 100RB3 20MHz waveform
This would imply that at 13 dBm, the maximum power allowed for VLP, the ACLR and SEM are just met.  Scaling in this manner, however, would result in linearity constraints at 14 dBm.  Ultimately, this means that available power is quite low for linearity constrained waveforms as shown in the following simulation results.  Thus, it may be necessary to further evaluation this assumption.
A-MPR simulation results
A limited set of A-MPR simulation results for VLP is available at the time of this writing.  The simulations for 20 MHz channels are shown with the PA calibration as described above.  The simulation scenarios are defined below in Table 1.
Table 1.  Simulation scenarios for all CBW/SCS
	Scenario
	Modulation
	DFT/CP
	Allocation

	1
	QPSK
	CP
	Interlace_0

	2
	QPSK
	DFT-S
	Interlace_0

	3
	QPSK
	CP
	Full

	4
	QPSK
	DFT-S
	Full

	5
	16QAM
	CP
	Interlace_0

	6
	16QAM
	DFT-S
	Interlace_0

	7
	16QAM
	CP
	Full

	8
	16QAM
	DFT-S
	Full

	9
	64QAM
	CP
	Interlace_0

	10
	64QAM
	DFT-S
	Interlace_0

	11
	64QAM
	CP
	Full

	12
	64QAM
	DFT-S
	Full

	13
	256QAM
	CP
	Interlace_0

	14
	256QAM
	DFT-S
	Interlace_0

	15
	256QAM
	CP
	Full

	16
	256QAM
	DFT-S
	Full



The MPR requirements are simulated according to PC5 (ACLR, NR-U SEM, spurious emissions, EVM, in-band emissions) as well as the band specific requirements for VLP.  In particular, the band specific requirements are the 14 dBm maximum output power, 1 dBm/MHz PSD, and -45 dBm/MHz additional spurious emissions.  The results are shown below
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Figure 1.  Power backoff (blue markers) and total available power (yellow marker) for VLP in EU 6 GHz
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Figure 2.  Power backoff and total available power with edge channel removed
The total backoff is quite large, especially in the upper figure where the additional spurious emission requirement of -45 dBm/MHz limits the performance of channels on the edge of the band.  When those channels are removed from the scatter plot as shown in the lower figure, the power backoff is not as severe.  However, the power backoff is still generally large.  It is expected that the power backoff is at least 6 dB since the maximum output power is limited to 14 dBm.  But for most waveforms, the power backoff is larger than 6 dB and for some waveforms, considerably larger than 6 dB.  It was found that EVM was often limiting with higher order modulations on the larger scenario numbers on the right side of the plot.  This is a consequence of the PA bias assumptions to reflect power efficient designs.
Conclusion
This contribution discusses various aspects related to the specification of VLP for NR-U in the 6 GHz band for Europe.  It is proposed that VLP specifications are developed in 3GPP for VLP.  The approach to use NS and A-MPR to control the maximum output power and maximum PSD is discussed.  PA calibration for using PC5 PA models is proposed.  A-MPR simulations are in progress, with an initial set of results presented to illustrate the trend and magnitude of the result.  While it is easily understood that that the power will be restricted by the VLP constraints on output power, PSD, and spurious emissions, for highly efficient PA designs optimized for the VLP output power levels, there are also significant linearity constraints limiting the available power for more challenging waveforms.
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