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1. Introduction
Regarding NR-U radio performance requirements, most of the discussion so far has focused on downlink.  However,  the capability and feasibility of radio requirements for the uplink also requires study.   The premise of this contribution is the reuse of WiFi PA’s.  As such, a compatible power class is proposed as well as a method to establish a calibration setpoint for the PA so that simulations can be conducted.  Simulations will be essential in the study of uplink radio performance and requirements, so agreement on a common calibration setpoint for simulation is extremely beneficial.
2. Discussion

Power class
One option to define RF requirements for NR-U is to reuse the eLAA requirements defined for Band 46.  However, another option is to reconsider these requirements in the context of unlicensed operation in 5 and 6 GHz bands.  For transmitter requirements, one consideration is whether the requirements should be defined with respect to an RF front-end that is similar to eLAA or one that is more similar to WiFi.  In fact, the same discussion occurred when requirements for eLAA were defined [2].  At that time, it was reasoned that PA’s for 5 GHz could be designed to support power class 3 output power levels while meeting LTE-based linearity; i.e., 30 dB ACLR with 1 dB backoff from maximum power for full allocation.  Since that time, however, there has been no significant deployment of eLAA.  While it is possible to design such PA’s, there may be benefit to considering a relaxed output power and linearity requirement more aligned with WiFi for NR-U as follows  

1. WiFi PA’s are readily available for 5 GHz,
2. The cost of device will be lower and a simpler power management and voltage regulation scheme,

3. Emission requirements comparable to those of WiFi will ensure that NR-U coexistence at the RF level will be similar to WiFi,

4. For operation at 5 and 6 GHz, the anticipated cell sizes are smaller and therefore using the same output power level as macro-cell deployment is not required and in fact may generate more interference,

5. It is more difficult to achieve higher output power levels with wider bandwidths at higher frequencies while maintaining good efficiency,
6. Potentially shorter switching times for filters and therefore faster adaptation can be realized.

At the same time, it is also recognized that there may be a desire for uplink performance that is more closely aligned with 4G eLAA, at least for maximum output power.  Therefore, it is proposed that two UE power classes are defined for the NR-U UE – power class 3 with maximum output power of 23 dBm and power class 5 with maximum output power of 20 dBm.  Due to limited time to complete the work item, it is proposed to first prioritize power class 5 and follow-up with power class 3 afterwards, perhaps in a follow-on work item.  Note also that the difference in power classes is not only the maximum output power, but the ACLR requirement will also differ.  Moreover, since the PA model will not be the same between the two power classes, the derived MPR and A-MPR may also not be the same.
Proposal:  Define both PC3 (23 dBm) and PC5 ([20] dBm) power classes for NR-U, with priority given to PC5.

The remainder of this paper focuses on PC5
PA modeling

In order to conduct the required simulations studies, it is important to first understand how the PA should be modeled.  Specifically, the size and power capability of the PA along with its linearity needs to be established.  For a PC5 PA model, an obvious starting point is to use a PA model designed for WiFi operation in the 5 to 6 GHz frequency range.  Moreover, in order to properly calibrate the PA for worst case performance, the conventional approach has been to find a reference waveform at an output power level for which linearity requirements, including ACLR, SEM, spurious emissions, etc., are just met and to calibrate that against a fixed power relative to maximum output power, say 1 dB MPR.  Since none of the relevant requirements, including MOP, ACLR, SEM, EVM, have been agreed yet, the PA model calibration is a moving target.  On the other hand, the PA model helps to assess feasibility of meeting certain performance requirements.  Thus, we expect the PA modeling and Tx requirements to be an iterative process.  
One challenge is to establish the appropriate calibration waveform and linearity/power setpoint for a WiFi PA.  The objective is to calibrate all PA models used in simulation to this common setpoint designed to emulate the worst case PA across process and temperature variation.  Since WiFi PA models are to be used for PC5, it makes the most sense to find a WiFi waveform and setpoint first, and then translate to an equivalent LTE or NR waveform and setpoint secondly.  An alternative approach is to directly apply an LTE/NR reference waveform to the WiFi PA [3], but this only characterizes the particular PA without taking into account worst case variation across process and temperature, so additional margin would be required.  Unfortunately, WiFi specifications are not as explicit as they are for LTE and NR.  Many of the PA-related requirements are derived from customer requirements rather than specification.  It is therefore proposed to use the following to calibrate the PA.
· Reference waveform is 802.11a 20 MHz OFDM signal (MCS0), BPSK modulation, single stream transmission. 
· The output power should be calibrated to [24.5] dBm when the spectrum emission mask (Figure 120 from [1]) is met with zero margin.  This is derived assuming a 22 dBm output at the front-end module and 2.5 dB loss from the PA to module output and implicitly assumes that the emission mask is the dominant linearity criterion.  The assumption has not been validated and may not be true for all designs, but can serve as a starting point to be refined based on further data.  
· Once this setpoint has been established, then it is proposed to simulate a fully allocated, QPSK modulation DFT-S-OFDM signal at an assumed ACLR of [25.5] dB in accordance with [3] to determine the achievable output power level. 
· Assuming a front-end loss for the NR-U radio and a power class maximum PC5 output power of 20 dBm at the antenna port, the required MPR can then be determined for this reference waveform.  We propose to assume an NR-U front-end loss at 5 GHz of [6] dB due to the fact that the NR-U front-end design is more complex and lossier than a WiFi front-end due to the need to support multiple bands and band combinations as well as other features such as SRS switching.  This would imply that the maximum output level at the PA output should be 26 dBm with required linearity to meet PC5 power levels at the antenna port.  
· Note that the above mentioned values are all tentative and serve as the basis for a starting point to calibration PA simulation results.  It is not proposed to use these values for specification as this point since they may be modified based on the simulation results.  The results of simulation may suggest that maximum output power relaxation may be required for such features as carrier aggregation and SRS switching that incur additional front-end loss, for example.  
Proposal:  The method described above is used to establish a calibration setpoint for PA simulation modeling.
3. Conclusion

A number of important aspects related to uplink performance for the UE are yet to be determined for NR-U.  For example, there is discussion on emission masks, guard bands, spectrum utilization, output power level, etc.  However, to be able to assess the impact of specifications and feasibility to meet these requirements, simulations are necessary. This contribution proposes that the work include both PC3 and PC5 power classes, with the initial priority on PC5.  The contribution then proposes a method to align a PA calibration setpoint for simulations in order to use a WiFi PA model but extended to emulate its worst case performance over manufacturing process and temperature variation suitable for defining 3GPP specifications.
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