3GPP TSG-RAN WG4 NR AH Meeting 2
R4-1706611
Qingdao, China, 27 - 29 June 2017
Source: 
Skyworks Solutions, Inc., Nokia, Alcatel-Lucent Shanghai Bell
Title: 
Proposed NR waveforms to be evaluated for UE MPR simulations and measurements
Agenda Item:
3.3.3.1
UE power class and MPR/A-MPR
[NR_newRAT]                                                                          
Document for:
Approval
1. Introduction
In RAN4#83 meeting, a number of companies gave their preliminary views on the need to develop requirements for both CP-OFDM and DFT-s-OFDM waveforms and provided early indications on MPR. To further align results between companies, this contribution discusses which waveforms are essentials to evaluate MPR for sub-6GHz and above 24GHz NR.
2. Discussion
This contribution discusses both PAPR and BS SNR associated with the different candidate NR waveforms to allow a better understanding on the minimum set of waveforms to be evaluated to provide a comprehensive view on trade-offs between UE PA power consumption and system performance. The following parameters are considered:

· Waveform types: CP-OFDM and DFT-s-OFDM and their relative PAPR and demodulation SNR performance.
· Different modulation orders: Pi/2 BPSK, QPSK, 16QAM, 64QAM and 256QAM
· Sub-6GHz and above 24GHz frequency ranges
· Different channel bandwidths, RB allocation and SCS
2.1. RB Numbering in this Paper

Since there is different feasible RB allocation depending on SCS and types of waveforms, RB numbering may become confusing. In the case of this paper RB0 was chosen to be the left most RB of the minimum full RB allocation using CP-OFDM. As a result since DFT-s-OFDM does not support the same number of RB than CP-OFDM, the corresponding 100RB0 waveforms is shifted left by 3RB compared to a symmetrical position with regard to channel center. As a result the symmetric fully allocated 100RB DFT-s-OFDM QPSK waveform used for 0dB MPR reference starts at RB3 as this is illustrated in Figure 1 bellow.
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Figure 1: RB allocations and RB numbering
2.2. Candidate NR Waveforms
RAN1 first decided for CP-OFDM waveforms to enable a fully symmetrical UL and DL approach, mixed numerologies and increased spectrum utilization. Recognizing the higher PAPR associated with these waveforms RAN1 agreed that DFT-s-OFDM should be supported by UEs. Further recognizing the challenge at mm-wave frequencies, it was decided to evaluate PI/2 BPSK with extra PAPR reduction techniques for mm-wave and is FSS for sub-6GHz NR. Nevertheless, the use of DFT-s-OFDM waveforms is meant for link limited use cases.

An early evaluation [1] of MPR for different waveforms showed that CP-OFDM QPSK waveform requires 3dB higher back-off than DFT-s-OFDM QPSK waveform of the same RB configuration. Similarly, it was shown that spectrally shaped PI/2 BPSK DFT-s-OFDM waveforms could allow in excess of 3dB power boost when compared to QPSK DFT-s-OFDM waveform of the same RB configuration. Also, it was observed that contrary to the DFT-s-OFDM the CP-OFDM have negligible PAPR differences versus bandwidth or modulation order.

Observation 1: Considering all these aspects, the legacy LTE MPR and taking a 20MHz fully allocated DFT-s-OFDM QPSK waveform as the 0dB MPR reference, following approximate MPR for fully allocated 20MHz can be anticipated at least for sub-6GHz operation:
· DFT-s-OFDM QPSK: 0dB MPR

· DFT-s-OFDM 16QAM: 1dB MPR

· DFT-s-OFDM 64QAM: 2dB MPR

· DFT-s-OFDM 256QAM: 4dB MPR EVM limited

· CP-OFDM QPSK, 16QAM and 64QAM: 3dB MPR
· CP-OFDM 256QAM: 4dB MPR EVM limited
2.3. Options for Reduced MPR or Power Boost
Assuming a 0dB MPR reference being the QPSK DFT-s-OFDM 20MHz 100RB 15KHz SCS waveform (for sub-6GHz NR UE), there also potential for reduced MPR or power boost options:

· First using waveform with lower PAPR like PI/2 BPSK and spectrally shaped PI/2 BPSK and QPSK DFT-s-OFDM waveforms
· Second, when partial allocations are away from the channel edge (feasible in NR as PUCCH is no longer mandated at channel edge), the out power is then only limited by EVM or in band emissions, which may allow higher power transmissions for both DFT-s-OFDM and CP-OFDM partial RB allocations.
Observation 2: Similarly power boost or reduced MPR can be evaluated:

· DFT-s-OFDM Pi/2 BPSK: 3dB power boost

· DFT-s-OFDM Pi/2 BPSK with spectral shaping: >3dB power boost

· CP-OFDM or DFT-s-OFDM partial allocation that are outside channel edges can benefit from reduced MPR or even power boost options as limitations no longer come from ACLR but are only dictated by EVM and in-band emissions

2.4. BS SNR for CP-OFDM and DFT-s-OFDM Waveforms
To fully apprehend the trade-off between UE power consumption and system performance it is not sufficient to only consider waveform PAPR or PA back-off, it is also necessary to understand which SNR is required at the base station to properly demodulate the corresponding waveforms. Preliminary results in RAN1 show that CP-OFDM QPSK waveform achieves the same demodulation performance than DFT-s-OFDM QPSK waveform with 2dB lower SNR. A more detailed analysis is provided in [2] in this meeting.
Observation 3: CP-OFDM QPSK achieves the same link performance than DFT-s-OFDM QPSK waveform at 2dB lower output power and can thus result in lower power consumption in the UE. 
Similar benefits are anticipated for higher order modulations which means that assuming no extra MPR is required for higher order modulation than QPSK, the only possibility for better link performance with DFT-s-OFDM waveforms is for PI/2 BPSK, QPSK and possibly 16QAM modulation.
2.5. Sub-6GHz and Above 24GHz UE Cases

Given the further challenge that high PAPR waveforms represents at mm-wave and the potentially reduced SNR available at those frequencies, it is essential to better evaluate the benefit of lower PAPR and lower modulation order waveforms. This is particularly the case for mm-wave UE that has relaxed ACLR and thus will allow significantly lower PA back-off for non EVM limited waveforms.
Observation 4: Low PAPR waveforms are essential to be evaluated for NR UE operation above 24GHz (non EVM limited waveforms).
For eMBB use case bellow 6GHz, a minimum UL data rate must be guaranteed even at cell edge. Thus, it is unlikely that lower order modulation than QPSK is beneficial if power is limited to 23dBm PC3 and 26dBm PC2. Conversely, if higher power can be transmitted assuming lower UL duty cycle than 50%, it can provide interesting power boost options for applications such as eMTC or uRLLC.
Observation 5: Low PAPR waveforms evaluation is of interest bellow 6GHz for potential eMTC or uRLLC applications.

2.6. Minimum Set of Waveforms for MPR Evaluation
2.6.1. Sub-6GHz UE Case
Proposal 1: To provide a sufficient evaluation set for UE PA performance at sub-6GHz we propose that following waveforms are used for MPR simulation or measurements:
· DFT-s-OFDM Fully allocated 100RB3 15KHz SCS 20MHz QPSK (0dB MPR NR reference)

· DFT-s-OFDM Partially allocated 18RB0 15KHz SCS 20MHz QPSK (0dB MPR LTE reference)

· DFT-s-OFDM Partially allocated 18RB18 15KHz SCS 20MHz QPSK (inside channel)
· DFT-s-OFDM Fully allocated 270RB0 30KHz SCS 100MHz QPSK (max channel BW)
· CP-OFDM Fully allocated 106RB0 15KHz SCS 20MHz QPSK, 16QAM and 64QAM

· CP-OFDM Partially allocated 18RB0 15KHz SCS 20MHz QPSK, 16QAM and 64QAM (channel edge)

· CP-OFDM Partially allocated 18RB18 15KHz SCS 20MHz QPSK, 16QAM and 64QAM (inside channel)

· CP-OFDM Fully allocated 273RB0 30KHz SCS 100MHz QPSK (max channel BW)

· Negative MPR cases are reported as power boost (dB)
2.6.2. Above 24GHz UE Case

Proposal 2: To provide a sufficient evaluation set for UE PA performance above 24GHz we propose that following waveforms are used for MPR simulation or measurements with a first focus on ACLR versus EVM limited cases:
· DFT-s-OFDM Fully allocated 135RB0 60KHz SCS 100MHz Pi/2BPSK (shaped), Pi/2 BPSK and QPSK (0dB MPR NR reference)

· DFT-s-OFDM Fully allocated 270RB0 120KHz SCS 400MHz QPSK (max channel BW)
· CP-OFDM Fully allocated 136RB0 60KHz SCS 100MHz QPSK, 16QAM 
· CP-OFDM Fully allocated 276RB0 120KHz SCS 400MHz QPSK (max channel BW)

· Negative MPR cases are reported as power boost (dB)
2.7. Use of Clipped Waveforms or CFR

In order to evaluate the potential MPR reduction of techniques like BB waveform clipping or CFR, MPR evaluation using above minimum set of waveform implementing such techniques is welcomed. In this case, we encourage companies to signal the use of such techniques and their resulting PAPR reduction and residual EVM.
Proposal 3: The use of clipping or CFR techniques to evaluate improved MPR is welcome. In such case, companies are encouraged to provide PAPR reduction and residual EVM numbers.
2.8. Other Waveforms

The present contribution does not preclude the evaluation of other waveforms but is targeting a baseline for comparable results between companies. 

Proposal 4: Once the baseline is established the results can be further refined using for example:

· Higher order modulation CP-OFDM waveform that are EVM limited (256QAM sub-6GHz, 64QAM above 24GHz)

· Low PAPR waveforms bellow 6GHz to evaluate power boost options

3. Conclusion
This contribution provides a complete set of evaluation waveforms for NR UE MPR assessment for both sub-6GHz and above 24GHz operation. The minimum set of waveforms proposals is copied here:
Proposal 1: To provide a sufficient evaluation set for UE PA performance at sub-6GHz, we propose that following waveforms are used for MPR simulation or measurements:
· DFT-s-OFDM Fully allocated 100RB3 15KHz SCS 20MHz QPSK (0dB MPR NR reference)

· DFT-s-OFDM Partially allocated 18RB0 15KHz SCS 20MHz QPSK (0dB MPR LTE reference)

· DFT-s-OFDM Partially allocated 18RB18 15KHz SCS 20MHz QPSK (inside channel)

· DFT-s-OFDM Fully allocated 270RB0 30KHz SCS 100MHz QPSK (max channel BW)
· CP-OFDM Fully allocated 106RB0 15KHz SCS 20MHz QPSK, 16QAM and 64QAM

· CP-OFDM Partially allocated 18RB0 15KHz SCS 20MHz QPSK, 16QAM and 64QAM (channel edge)

· CP-OFDM Partially allocated 18RB18 15KHz SCS 20MHz QPSK, 16QAM and 64QAM (inside channel)

· CP-OFDM Fully allocated 273RB0 30KHz SCS 100MHz QPSK (max channel BW)

· Negative MPR cases are reported as power boost (dB)
Proposal 2: To provide a sufficient evaluation set for UE PA performance above 24GHz we propose that following waveforms are used for MPR simulation or measurements with a first focus on ACLR versus EVM limited cases:
· DFT-s-OFDM Fully allocated 135RB0 60KHz SCS 100MHz Pi/2BPSK (shaped), Pi/2 BPSK and QPSK (0dB MPR NR reference)

· DFT-s-OFDM Fully allocated 270RB0 120KHz SCS 400MHz QPSK (max channel BW)
· CP-OFDM Fully allocated 136RB0 60KHz SCS 100MHz QPSK, 16QAM 
· CP-OFDM Fully allocated 276RB0 120KHz SCS 400MHz QPSK (max channel BW)

· Negative MPR cases are reported as power boost (dB)
Proposal 3: The use of clipping or CFR techniques to evaluate improved MPR is welcome. In such case, companies are encouraged to provide PAPR reduction and residual EVM numbers.
Proposal 4: Once the baseline is established the results can be further refined using for example:

· Higher order modulation CP-OFDM waveform that are EVM limited (256QAM sub-6GHz, 64QAM above 24GHz)

· Low PAPR waveforms bellow 6GHz to evaluate power boost options
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