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1 Introduction
Our contribution R4-1700010 [2] addressed UE output power capability for sub-6GHz NR and the R4-1700296 way forward [1] also addressed the question of total output power in NSA operation in the scope of an LS received from RAN2. In this contribution we are addressing UE output power target for NR in a multiple scenarios.
2 Discussion
2.1 Environmental Output Power Limitations
2.1.1 SAR
2.1.1.1 Sub-6GHz Case

For sub-6GHz frequencies, a 23dBm CW maximum power is a generally accepted number and has been the guidance for UE output power. This has led to the definition of power class 3 and the vast majority of UEs implement it.

Recently however, the realization that as a result of lower duty cycle, higher output power targets could be achieved for TDD and counter act the UL limited coverage issue, which led to the HPUE study and specification.

In [2], we argued that this concept could be further improved by having MPR considering bandwidth and modulation order as in LTE, but also with duty cycle. 

Alternatively a PCmax depending on duty cycle could be used; it could be simple rule as follows:

PCmax=26dBm for duty cycle less or equal to 50%, 24.5dBm for duty cycle between 50% and 75%, then 23dBm for duty cycle >75%. This approach would not preclude lower power classes to be defined.

Proposal 1: For sub-6GHz UE:

· 23dBm 100% duty cycle limit should be adopted in SAR sensitive UEs like for LTE

· A duty cycle dependent maximum output power and power class definition should be introduced for NR

In the case of multiple transmitters like 2UL MIMO and 2UL CA, the LTE maximum power has been reduced by 3dB per antenna or carrier to reach the SAR limitation as a total. We believe that this limitation could be revised to further take into account the following aspects:
· Duty cycle for TDD case

· Relative output power on each carrier in the case of inter-band CA

· Distance of antennas when two antennas are used taking into account the fact that SAR is a localized effect

This will be taken into account when NSA operation is discussed, but also over SA cases where more than one antenna is used.

Proposal 2: For sub-6GHz UE when more than one transmit antenna is used, the maximum output power per antenna must consider:
· Duty cycle for TDD case

· Relative output power on each carrier in the case of inter-band CA

· Distance of antennas taking into account the fact that SAR is a localized effect

2.1.1.2 mm-Wave Case

At mm-Wave frequencies absorption by tissues is rather different than for sub-6GHz case. The effect is more localized and depth of penetration is much lower.
Also one could argue that in the case of beam-forming the energy could be more focused toward the head, this is unlikely as the link would be immediately lost and the beam directed away from the head.

Proposal 3: At frequencies above 24GHz there is no evidence that a 23dBm output power limitation is valid and we propose to further study the feasibility of higher transmit especially taking into account beam forming and beam management.
2.1.2 Battery Current
Although battery current has often been an argument when output power is discussed ,especially when more than one transmitter is involved, one must distinguish two aspects:

· Battery life (average power consumption)

· Peak battery current

For the battery life, it must be noted that if a higher transmission power allows a higher data rate and a shortened transmission, then average power consumption can be reduced with higher output power capability and benefit significantly to cell edge performance.

For peak battery current, this is a legitimate concern as it dictates the IR drop from the battery and battery sizing. However, for modern phones the application part has far higher peak current demands to the battery than the radio part, thus defining the battery size. Again, especially if the peak current is a short pulse, the battery should not be a limitation for higher output power targets.
Observation 1: In modern UEs the battery technology, peak current and life should not be a limitation for higher output power.
2.2 Technology Limitations
2.2.1 Sub-6GHz Case

As already demonstrated with HPUEs, there is not limitation to PA capabilities up to 26dBm at the antenna (>1W at PA level). Thermal limitation may arise at much higher output power again with dependency on duty cycle.
2.2.2 mm-Wave Case

As already discussed, at mm-Wave frequencies, there may be some limitations in reaching altogether the following targets: very high frequency, high average power and high level of integration. Still, since 15dBm per antenna is reasonably achievable, accounting for up to 16 antennas would result in a 27dBm equivalent power (not accounting for beam forming gain).
Observation 2: Available technologies at sub-6GHz and mm-Wave allows higher total power than 23dBm.
2.3 NR Operation
2.3.1 SA Operation
SA operation can reuse proposals 1, 2 and 3.
2.3.2 NSA Operation
For non-stand alone operation, two cases must be considered:

· NSA with both LTE anchor band and NR below 6GHz

· NSA with LTE anchor band below 6GHz and NR above 6GHz
In the first case, the 23dBm total power limitation on a single antenna is retained, and proposal 2 applies
In the second case, the antennas being separate and beam forming used above 6GHz, we consider that output power can be set completely independently. In any case the difference in frame timing and technology would potentially prevent a power sharing concept.
Proposal 4: For non-standalone NR operation
· Below 6GHz NSA a 23dBm 100% total output power one a single antenna is proposed with power sharing concept, together with improvements of proposal 1 and proposal 2 for duty cycle and multiple antenna cases.

· Above 6GHz NSA independent power setting is proposed
3 Conclusion
In this contribution, the effects of different UL transmitter imperfections to the multiple numerology case have been discussed. Feasibility of improved performance versus LTE minimum requirements have been analysed leading to the following proposals.
Proposal 1: For sub-6GHz UE:

· 23dBm 100% duty cycle limit should be adopted in SAR sensitive UEs like for LTE

· A duty cycle dependent maximum output power and power class definition should be introduced for NR
Proposal 2: For sub-6GHz UE when more than one transmit antenna is used, the maximum output power per antenna must consider:
· Duty cycle for TDD case

· Relative output power on each carrier in the case of inter-band CA

· Distance of antennas taking into account the fact that SAR is a localized effect

Proposal 3: At frequencies above 24GHz there is no evidence that a 23dBm output power limitation is valid and we propose to further study the feasibility of higher transmit especially taking into account beam forming and beam management.

Proposal 4: For non-standalone NR operation

· Below 6GHz NSA a 23dBm 100% total output power one a single antenna is proposed with power sharing concept, together with improvements of proposal 1 and proposal 2 for duty cycle and multiple antenna cases.

· Above 6GHz NSA independent power setting is proposed
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