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1 Background
In this contribution we consider the power capability of a UE operating in the range 57-71 GHz and propose slightly reduced utilization in view of the occupied bandwidth that is dimensioning for FR2 power capability. These proposals are based on the existing regulatory requirements for SRDs under general authorization in Europe. It is recognized that other requirements may apply in other regions and that licensed operation (or at least not under general authorization for e.g. private networks) is considered for parts of the band 66-71 GHz as identified for IMT-2020 at WRC-19. Notwithstanding, the requirements on spectrum utilization and occupied bandwidth are likely similar regardless of the licensing arrangement (e.g. the same for FR1 below 5 GHz and NR-U in n46). 
The regulatory requirements for operations in Europe for SRD operation are usually covered by general / non-exclusive authorizations on a non-protected, non-interference basis. SRD applications are not a “radiocommunication service” like e.g. MOBILE. The SRD parameters for 57-71 GHz are summarized below in Figure 1 [1].
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Figure 1: recommendation for SRD operation in the range 57-71 GHz in Europe.
Compliance with the Commission Decision 2006/771/EC for SRD can be demonstrated for band c1 by means of the ETSI harmonised standard EN 302 567 [2]. ETSI harmonised standards are now being developed for bands c2 in EN 303 753 [3] and for c3 in EN 303 722 [4].
The scope of the draft c2 standard [3] covers mobile and fixed applications 
These radio equipment operate with very wideband communications using a variety of directional medium and high gain antennas to enable a high degree of spectrum reuse, and may use a flexible bandwidth scheme under which they normally operate in a wideband mode, and periodically reduce their bandwidth.
The scope of the present document includes equipment in this frequency range intended for mobile and fixed network applications in compliance with ERC/REC 70-03 [i.3] Annex 3 frequency bands c2, and Commission Decision 2019/1345/EU [i.4] bands 75a.  
while draft c3 standard [4] covers fixed outdoor applications:
The present document specifies technical characteristics and methods of measurements for Wideband Data Transmission Systems (WDTS) fixed network radio equipment operating in the 57 GHz to 71 GHz band taking into consideration ERC/REC 70-03 [i.3] Annex 3 (frequency bands c2 and c3) and Commission Decision 2006/771/EC [i.4] bands 75a and 75b.
NR-U UEs for 57-71 GHz can belong to all categories c1-c3. We remark that these power restrictions apply for operations in Europe; power limits for licensed use in 66-71 GHz may be different but the technical limitations governing output power are the same.
2 UE power capability, PAE and ACLR
Next we consider the order of magnitude of the achievable UE output power. PA trends for different technologies and dependencies were described in [5]. It was concluded that a BS ACLR of 20-25 dB would be feasible given few percent power added efficiency (PAE). Considering the need for a better power efficiency for the UE in view of battery consumption, a PAE of larger than 10% could be considered a reasonable level for UE. 

Figure 2 shows the relation between output power, linearity and PAE for 28 nm FD-SOI CMOS PA at 70 GHz proxy frequency and assuming PAE of larger than 10%, the Figure indicate a UE ACLR in the range of 15-20 dB. Note that the output power is related to PA output and does not include any losses e.g. routing, switch and filter losses.
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Figure 2 ACLR-output power relation (left) and PAE-ACLR relation (right)

In view of the thermal challenges and need for high integration, the PAE for UE can possibly be set better than ~10 and thus the ACLR in the lower part of 15-20 dB range. It should be noted that the carrier bandwidths anticipated for this frequency range are wide and could affect the relations above. Moreover, the UE ACLR range discussed here should also be assessed in conjunction with required OOBE limits necessary for inter-system coexistence with other NR systems in the range. We propose the following:

Proposal 1: consider a UE ACLR range of 15-20 dB feasible for the 52.6-71 GHz frequency range.

Turning to the power capability, the analysis above shows that the PA output could be of the order of 10 dBm corresponding to the ACLR range. Adding a 10 dB margin for losses after the PA and within the antenna arrangement, a conservative estimate for the output power delivered to the antenna arrangement is 0 dBm per antenna element. An assumed array size of 8 dual polarized elements, the wavelength is roughly half of that of the 28 GHz range, an element gain of about 5 dBi yields a transmitted output power of 12 dBm and an EIRP of 23 dBm. The TRP would be of the order of 12 dBm – 2 dB = 10 dBm.
Observation 1: the order of magnitude of the UE power capability is estimated at EIRP = 23 dBm in the beam peak with a TRP = 10 dBm.
The PRB allocation of a UE can be down to 1 PRB notwithstanding any requirements on occupied bandwidth. Hence the UE capability above would be just within the limit 23 dBm/MHz for c1 and c2. The transmitted power requirement would be within the limit for c2 for the antenna arrangement assumed. For operation in c3 in a fixed application a larger array size would be required.
Next we make the following
Observation 2: in practice it is the OBW and EVM requirements that determine the achievable UE output power, the ACLR is not dimensioning.
in view of the MPR requirements for ‘legacy’ FR2 UEs. The EVM is limited by many impairments including phase noise and PA non-linearities, the support for higher order modulation would require significantly higher ACLR of ~35 dB resulting in a significantly reduced PAE for the PA. Furthermore, analysis has been shown that even with sufficient ICI/CPE compensation the necessary EVM requirement levels would become increasingly more challenging with the increase of higher modulation.  Considering all aspects above, we propose to 
Proposal 2: limit the modulation order for NR in 52.6-71 GHz to 64QAM due to EVM and the corresponding PAE.
3 Unwanted emissions
The transmit spectrum emissions for c1 and c3 -- that for c2 is FFS -- are similar to the IEEE 802.11ad mask specified in [6] but the nominal channel bandwidth is declared:
4.2.4.2
Limit

The transmitter unwanted emissions in the out-of-band domain shall be less than or equal to the relative limits provided in Figure 1, where the x-axis is the ratio of frequency (F) to declared nominal channel bandwidth (BW), or an absolute level of -30 dBm within a 1 MHz bandwidth, whichever is greater. Non-adjacent channels shall be tested separately. Within the 57 to 71 GHz band and outside -2.5 to +2.5 ratio of frequency to declared nominal bandwidth range the -30 dBr or -30 dBm in 1 MHz whichever is the greater shall apply.
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Figure 1: Transmit Mask

The limits in the relative mask above apply to the declared nominal bandwidth range (can include carrier aggregation) or is limited by an-30 dBm/MHz absolute limit whichever is the greater. The TRP for a UE can be of the order of 10 dBm/MHz for any channel bandwidth, which indicates that the spurious emissions may have to be measured in the required range (at least up to the second transmitter harmonic). For full allocation the unwanted emissions would most likely be below -30 dBm/MHz unless there are narrowband spurious components.

The ACLR estimated by integrating the mask above would be ACLR = 13.3 dBc with an example spectrum utilization SU of 95% and ACLR = 17 dBc with a lower SU of 90% (higher for the lower SU due to the relaxed close-in 0 dBr requirement). But according to Observation 2, the occupied bandwidth requirement is dimensioning, the emission bandwidth containing 99% of the power of the signal implies an ACLR > 23 dBc.
Remark that the nominal channel bandwidth is declared, there is no nominal channel raster defined in neither of the standards for c1 [2] and c3 [4].
4 Occupied bandwidth, spectrum utilization and power capability
The requirement on the occupied bandwidth (OBW) for c1 and c3 (the c2 requirement not finalized) does not imply any requirement on a “flat PSD” like for the 5 GHz range. According to both the standard for c1 [2] and the draft version of c3 [4], the requirement on the OBW is
4.2.6.2
Definition

The Occupied Channel Bandwidth is the bandwidth containing 99% of the power of the signal.

When equipment has simultaneous transmissions in adjacent channels, these transmissions may be considered as one signal with an actual nominal channel bandwidth of "n" times the individual nominal channel bandwidth where "n" is the number of adjacent channels. When equipment has simultaneous transmissions in non-adjacent channels, each power envelope shall be considered separately.

4.2.6.3
Requirements

The Occupied Channel Bandwidth shall be less than the declared nominal Channel Bandwidth for all transmissions. The device shall support a mode of transmission with a necessary bandwidth as defined in Radio Regulation 1.152 (Article 1) [i.11] at least 70 % of the declared nominal channel bandwidth. In case of smart antenna systems (devices with multiple transmit chains) each of the transmit chains shall meet this requirement.

The OBW shall be less than the nominal channel bandwidth, which is declared and used for the SEM requirement. The device must comply with the OBW while supporting at least one mode of operation with a necessary bandwidth of 70% of the declared nominal channel bandwidth, well within the requirement on the OBW. This means that the SU for operations in 57-71 GHz could be significantly less than 90-95% typically assumed for FR2 below 52.6 GHz in view of the occupied bandwidth requirement. 

The 99% emission bandwidth is facilitated if the close-in emissions are further away from the nominal channel bandwidth edge and this compliance with the implied 23 dBc OOBE requirement. Moreover, compliance with EVM requirements are facilitated further away from the edges of channel bandwidth. Hence we propose 
Proposal 3: consider SU < 90% for improved UE power capability. 
Another consequence of the above requirement on the OBW is that the device is not required to operate with a large necessary bandwidth for all modes of operation, which means that
Observation 3: no need to use interlaced transmissions for meeting the OBW requirements for SRD bands c1 and c3 as such, only if the PSD limit requires an output power EIRP > 23 dBm.
The device must only support one mode of operation with a necessary bandwidth of 70% of the declared bandwidth. Nonetheless, the OBW requirement must be met for all transmissions. Now, interlaced transmission for NR-U in the 5 GHz range can be enabled or disabled, the same could be used for 57-71 GHz NR-U operations. 
5 UE power control
The need for beam forming to achieve sufficient output power in the 57-7 GHz would also be beneficial for intra- and inter-system coexistence. UE power control is nevertheless beneficial and part of a regulatory requirement for c3 [4]:

4.2.5.3
Limit

4.2.5.3.0
General
ATPC and/or ALA shall be implemented by the equipment and shall be active under all circumstances.  Transmission of control, management, and synchronization frames are permitted without the use of ATPC or ALA.

4.2.5.3.1
Automatic Transmit Power Control

For devices equipped with transmitter power control, the difference in the average output power between the highest power setting and lowest power setting shall be greater than or equal to 3 dB for a given constant data rate and nominal channel bandwidth. 

4.2.5.3.2
Automatic Link Adaptation

For devices equipped with automatic link adaptation, the difference in the average output power between that measured for highest data rate and that measured for the lowest data rate should be greater than or equal to 3 dB for a given constant path loss and nominal channel bandwidth.  Alternatively, the duty cycle of the transmissions measured for highest data rate shall be reduced by 10% compared to that measured for the lowest data rate.
Observation 4: power control for UEs is part of a regulatory requirement for c3 despite the use of beam forming.
6 Proposal

We make the following proposal
Proposal 1: consider a UE ACLR range of 15-20 dB feasible for the 52.6-71 GHz frequency range.

Observation 1: the order of magnitude of the UE power capability is estimated at EIRP = 23 dBm in the beam peak with a TRP = 7 dBm.
Observation 2: in practice it is the OBW and EVM requirements that determine the achievable UE output power, the ACLR is not dimensioning.
Hence the following

Proposal 2: limit the modulation order for NR in 52.6-71 GHz to 64QAM due to EVM and the corresponding PAE.
and in view of Observation 2
Proposal 3: consider SU < 90% SU for improved UE power capability. 

Observation 3: no need to use interlaced transmissions for meeting the occupied bandwidth requirements for SRD bands c1 and c3 as such, only if the PSD limit requires an output power EIRP > 23 dBm.

Observation 4: power control for UEs is part of a regulatory requirement for c3 despite the use of beam forming.
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