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Extending NR operation into 52.6 to 71 GHz frequency range has been discussed in previous RAN1 and RAN4 meetings. RAN1 has sent an LS to RAN4 [1], where RAN1 is asking RAN4 to provide more information on conducted and radiated power foreseen to be used within the 52.6 to 71 GHz frequency range.
This contribution provides information for the response LS to RAN1.
Discussion
In the LS [1] RAN1 is asking RAN4 the following:
RAN1 has discussed the following objective from the WID for extending NR operation to 71 GHz:
· Support enhancement for PUCCH format 0/1/4 to increase the number of RBs under PSD limitation in shared spectrum operation.
In order to determine the maximum number of RBs that can be configured, RAN1 has developed link budgets that account for regulatory limits on conducted power, power spectral density, and EIRP for various regulatory regions in the world. In addition to the regulatory limits, RAN1 has considered UE hardware limits on maximum conducted power and EIRP. So far, RAN1 has assumed the following UE hardware limits:
· Maximum UE Conducted Power = 21 dBm
· Maximum UE EIRP = 25 dBm
RAN1 is currently discussing whether or not values larger than these can be assumed considering different UE device types that are likely to operate in the 52.6 – 71 GHz band.

Question to RAN4: For operation in the 52.6 – 71 GHz band, RAN1 respectfully asks RAN4 whether or not RAN4 will specify UE power class(es) with larger values for maximum UE conducted power and maximum UE EIRP than the ones listed above? If so, what are the pair(s) of maximum values for conducted power and EIRP that are feasible?


Maximum output power and power class related items were discussed already in the previous RAN4 meeting but no conclusions was reached. It was however apparent from this discussion that UE form factor will have an impact on the output power levels that can be utilized and limitations in this area can be arising both from antenna matrix size and thermal constraints.
In order to support similar cell sizes and data rates as in FR2 below 40GHz range higher radiated output power (EIRP) would be necessary to compensate for the higher path loss caused by higher carrier frequency and extra losses caused by oxygen absorption in 60GHz range. This could be achieved by using larger antenna matrixes that produce higher combining gain, while still occupy roughly the same area as the lower frequency antenna arrangements with lower number of radiators. The regulation sets the upper boundary for the EIRP and this is in range of 40 to 43dBm peak EIRP.
On the other hand, the higher carrier frequency degrades also the performance of the passive and active components in the RX and TX line-ups, which then means that more power will be dissipated to produce same amount of conducted power to drive the antenna matrix. In addition, the linearity of the active devices is usually lower at higher frequencies and means that similar linear output power levels may not be possible even if higher power dissipation could be tolerated.
Considering the above mentioned aspects we think that output power of the handheld devices at 52.6-71GHz frequency range will not be higher than what is currently specified for such devices in UE Power Class 3 and these are in line with the RAN1 assumptions. We also believe that these number serve as good optimization point for RAN1 studies.
PC 3 minimum and maximum power requirements from 38.101-2 are shown below:
Table 6.2.1.3-1: UE minimum peak EIRP for power class 3
	Operating band
	Min peak EIRP (dBm)

	n257
	22.4

	n258
	22.4

	n260
	20.6

	n261
	22.4



Table 6.2.1-2: UE maximum output power limits for power class 3
	[bookmark: _Hlk515357814]Operating band
	Max TRP (dBm)
	Max EIRP (dBm)

	n257
	23
	43

	n258
	23
	43

	n260
	23
	43

	n261
	23
	43



It’s however possible and also likely that also non-handheld higher devices, like the ones in existing UE Power Class 2 or 4, are used in this frequency range. The radiated power level of such devices is exceeding the current RAN1 assumption of +23dBm EIRP, while conducted power level of such devices is still likely below the +21dBm assumption.
PC 2 and 4 minimum and maximum power requirements from 38.101-2 are collected to tables below:
Table 1. UE minimum peak EIRP for power class 2 and 4
	Operating band
	PC 2 Min peak EIRP (dBm)
	PC 4 Min peak EIRP (dBm)

	n257
	29
	34

	n258
	29
	34

	n260
	n.a.
	31

	n261
	29
	34



Table 2. UE maximum output power limits for power class 2 and 4
	Operating band
	PC 2 Max TRP (dBm)
	PC 2 Max EIRP (dBm)
	PC 4 Max TRP (dBm)
	PC 4 Max EIRP (dBm)

	n257
	23
	43
	23
	43

	n258
	23
	43
	23
	43

	n260
	n.a.
	n.a.
	23
	43

	n261
	23
	43
	23
	43



Observation#1: RAN1 assumptions of Maximum EIRP of +23dBm and Maximum conducted power of +21dBm are in line with existing PC3 requirements for handheld devices, but EIRP is too low for non-handheld devices. Therefore Maximum EIRP of +23dBm can be used as optimization point but higher EIRP levels shall also be supported. 

Relationship between the conducted and radiated output power
It is impossible to define universal formula for relationship between the conducted and radiated output power in complex transmit systems that will be used in 52.6-71GHz frequency range. The relationship depends on the selected transmitter architecture, used technologies, design trade-offs, tolerances and so on. However, if system is simplified to model with certain number of PAs, antenna feeds and antennas then following formulas can be used to study the relationship between these powers.
1.) System with N x PA and N x antenna feeds and antennas. Each PA is capable of producing certain amount of conducted output power (PPA) and each antenna has antenna gain of Gi.
Conducted output power: PPA+10*log10(N)
Radiated output power: PPA+20*log10(N)+Gi
2.) System with 1 x PA and N x antenna feeds and antennas. Output power of the PA is evenly divided between the antenna feeds (no losses) and each antenna has antenna gain of Gi.
Conducted output power: PPA
Radiated output power: PPA+10*log10(N)+Gi
Conducted and radiated output power for the systems 1.) and 2.), when PPA= 0dBm and Gi= 4dBi are shown in Figure 1.
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[bookmark: _Ref71538764][bookmark: _Ref71538759]Figure 1. Conducted and radiated output power for the systems 1.) and 2.), when PPA= 0dBm and Gi= 4dBi

Observation#2: RAN1 assumption for +21dBm for Conducted Power seems to be sufficient for 52.6-71GHz frequency range.

Measurement results from 60GHz RFFE solution
EIRP measurement results and corresponding dual-polarized antenna matrix size are shown in Figure 2.
The size and the power consumption of the measured solution are larger than the ones used today in handheld devices but also output power is more in line with PC2/PC4 type devices. The measurements show that output powers larger than +30dBm EIRP can be achieved with deltaP of 3-35dB in the middle of the band in typical scenario. As the supported bandwidth is 14GHz wide (14/64=22%) the frequency response over the band does not remain flat and therefore sufficient implementation margin needs to be added to the numbers shown when requirement for the Min Peak EIRP is discussed.
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[bookmark: _Ref71625137]Figure 2. Measured EIRP and antenna matrix size at 60GHz

[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Conclusion
Information and views on Maximum Conducted and Radiated output power for devices operating in 52.6-71GHz frequency range is provided as requested in LS from RAN1. Following observations are done:
Observation#1: RAN1 assumption of Maximum EIRP of +23dBm is in line with existing PC3 requirements for handheld devices, but EIRP is too low for non-handheld devices. Therefore Maximum EIRP of +23dBm could be used as optimization point but higher EIRP levels should also be supported. 
Observation#2: RAN1 assumption for +21dBm for Maximum Conducted Power seems to be sufficient for devices operating in 52.6-71GHz frequency range.
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