3GPP TSG-RAN WG4 NR AH Meeting 3
R4-1709383
Nagoya, Japan, 18 - 21 September 2017
Source: 
Skyworks Solutions, Inc.
Title: 
Power Boost Option for Extended NR sub-6GHz UE Types Support
Agenda Item:
3.3.2.3
Others
[NR_newRAT]                                                                          
Document for:
Approval
1. Introduction
Through the extensive work we provided for NR MPR evaluation, we have been looking into ways to benefit from the fact that new waveforms (PI/2 BPSK with and without spectral shaping) and particular DFT-s-OFDM allocations (in channel partial allocations) allow negative MPR, which we have referred to as power boost option [2, 3]. In this document we discuss further how this can extend the support of different forms of UEs using the HPUE ecosystem and also enable some key use cases for both PC2 and PC3 UEs.
2. Discussion
2.1. Power boost capability for PC3 and PC2 PAs
In RAN#84 meeting, for the first time, a number of companies provided their preliminary MPR evaluation results [3 – 6] based on an aligned set of waveforms and with aligned reference waveform for reporting the results. 
Even if some aspects were still to be agreed like ACLR BW and PA calibration point a numbers of those results have shown that PAs had the capability for “negative MPR” (power boost), especially for DFT-s-OFDM PI/2 BPSK waveform and in channel allocations for the DFT-s-OFDM QPSK case. 
This capability exists for both PC3 and PC2 cases, but cannot be used for PC3 case due to some countries regulation, and as discussed in another paper in this meeting for PC2, since most of the power boost cases are not ACLR limited the 1dB extra linearity may enable even further power boosting. In PC2 case some small allocations for PI/2 BPSK and QPSK may allow up to 30dBm which is very close to PC1 capability.
The actual extra level of power achievable will obviously depend on the finalized “0dB MPR” waveform agreements and the extra requirements that may be developed for these higher power (ACLR for power >26dBm, EVM for PI/2 BPSK for example).
Observation 1: Some specific RB allocations of PI/2 BPSK and QPSK DFT-s-OFDM waveforms enable output power above power class definition for both PC3 and PC2 resulting in “negative MPR”, thus power boost option.
2.2. Implementation Limitations to Power Boost Option
As discussed earlier, applicability of power boost option may be limited in practical implementations, they are discussed here.

Regulation Limitation

Some countries specific regulation prevents any possibility of exceeding the 23dBm output power of PC3. These policies may be revised in the future and power boost becoming an option for PC3 TDD case with <50% duty cycle.

PC2 26dBm output power possibility is limited to TDD with specific frame configuration ensuring that averaged output power over time is less than 23dBm. Taking into account even lower duty cycle, there exist option for power boost.

It is to be noted that these limitations mostly apply to handsets but are not valid for other types of UE: vehicles, safety UEs (operating in PC1 today), transportable equipment, objects, home base stations…

All of these could benefit from power boost option and reuse existing PA solutions developed for handsets, not suffering from a niche ecosystem, as it is currently for LTE. It is also to be noted that these other types of UEs may not require the same power sharing rules to support LTE+NR DC and NR 2x2 UL MIMO.
Power Consumption and Dissipation

It is clear that higher power means higher power dissipation and higher battery current but this has to be put into some prospective:

· If power boosting is applied at lower duty cycle the average power will stay constant but peak current will increase.

· It is to be noted that this peak or average power limitation do not exist for some types of UEs which today operate in PC1 or like vehicles already supporting higher power classes.
· It is to be noted that these power boost options are for cases for lower back-off in the PA resulting into higher PAE. As a result the power dissipation and current consumption increases in lower proportion than the output power.

Limitation Due to Introduction of more Stringent Requirement for Pout above PC Definition

When power boost option has been discussed in the past, some questions were raised on the need of extra requirements that would offset the PA linearity and thus reduce the benefits of this option. Specifically the need for more stringent ACLR was discussed, but it is to be noted that most of the small RB allocation are not ACLR limited and are specifically the ones needed to extend UL coverage.
Observation 2: 
· Most of the regulatory or power consumption limitations only apply to handsets UEs

· Power boost cases offer higher PAE thus mitigating the current consumption increase and when applied in some proportion to duty cycle, results in improved average consumption

· More stringent requirements like ACLR for power boost cases may only partially limit the number of applicable waveforms since most of them are not ACLR limited, thus would still allow higher UL coverage for small allocations.
2.3. Use of Power Boost Option for other Types of UE.
As discussed in previous chapter, a number of non-handset type UEs could benefit from the power boost option and, for example signal that capability to the network which could schedule those UEs such that power boost is enabled and thus higher coverage is achieved. This can be applied to:
· Low duty cycle cases like objet and benefit NR IoT and URLLC cases

· UEs currently using PC1 for safety applications
· Offering higher range to vehicles
It is to be noted also that this power boost option also exists for mmWave transmission and can be used for some UE types like CPEs as an example.
Proposal 1: 

· Power boost option is further studied in Rel 16 for non-handset type UEs as an alternative to specific power classes for Safety (PC1), Vehicular communication, IoT, URLLC for both sub-6GHz and above 24GHz NR
· Introduction of extra requirements for Pout above PC definition is FFS
· Introduction of signaling for power boost support is FFS

2.4. Power Boost in Emergency Use Case for PC2 and PC3 UEs
Even if regulation or implementation limitation may not allow the use of power boost option in handsets there is one specific case that can certainly benefit from a power boost capability: emergency calls. In this case issues like peak current or SAR can be ignored for the benefit of the extra range which may make the difference in remote areas or link limited cases (mountain terrain, deserted area, disaster areas…).
Proposal 2: 

· Power boost option for emergency calls for PC3 and PC2 UEs is further studied in Rel 16
· Introduction of extra requirements for Pout above PC definition is FFS

· Introduction of signaling for power boost support is FFS
3. Conclusion
In this contribution, we have given some prospective on how power boost option could benefit upcoming NR use cases, which resulted in the following two proposals:
Proposal 1: 

· Power boost option is further studied in Rel 16 for non-handset type UEs as an alternative to specific power classes for Safety (PC1), Vehicular communication, IoT, URLLC, CPE… for both sub-6GHz and above 24GHz NR
· Introduction of extra requirements for Pout above PC definition is FFS

· Introduction of signaling for power boost support is FFS

Proposal 2: 

· Power boost option for emergency calls for PC3 and PC2 UEs is further studied in Rel 16
· Introduction of extra requirements for Pout above PC definition is FFS

· Introduction of signaling for power boost support is FFS
These proposal are based on the following observations
Observation 1: Some specific RB allocations of PI/2 BPSK and QPSK DFT-s-OFDM waveforms enable output power above power class definition for both PC3 and PC2 resulting in “negative MPR”, thus power boost option.
Observation 2: 
· Most of the regulatory or power consumption limitations only apply to handsets UEs

· Power boost cases offer higher PAE thus mitigating the current consumption increase and when applied in some proportion to duty cycle, results in improved average consumption

· More stringent requirements like ACLR for power boost cases may only partially limit the number of applicable waveforms since most of them are not ACLR limited, thus would still allow higher UL coverage for small allocations.
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