[bookmark: _Hlk503780345]3GPP TSG-RAN4  #90Bis																	     	R4-1902850
Xi’an, CN, 8-12 Apr 2019

Source: 	Qualcomm Incorporated
Title: 	On FR2 PC1 MPR and OBW 
Agenda item:	6.5.11.1
Document for:	Approval
Introduction
In a previous submission, [1], we identified the FR2 OBW requirement as a determining factor for PA linearity, much like SEM, ACLR, EVM and IBE, have been in previous technologies. In [2], PC3 MPRs were revised to accommodate the OBW requirement. Much progress was achieved in terms of network health: PC3 UEs are now OBW compliant, without large scale MPR impact, and a family of 0dB waveforms were identified.
In this contribution, we further analyze recent MPR changes in [2] and address open items. 
Discussion
The MPR section for PC3 per [2] is reproduced below.
6.2.2.3	UE maximum output power reduction for power class 3
For power class 3, MPR for contiguous allocations is defined as: 
MPR = max(MPRWT, MPRnarrow)
Where,
[MPRnarrow = 2.5 dB, when the allocated RB size is less than or equal to 1.44 MHz, and 0 ≤ RBstart ≤ Ceil(1/3 NRB) or Ceil(2/3NRB) ≤ RBstart ≤NRB-LCRB]
MPRWT is the maximum power reduction due to modulation orders, transmission bandwidth configurations listed in Table 5.3.2-1, and waveform types. MPRWT is defined in Table 6.2.2.3-1 and Table 6.2.2.3-2.
Table 6.2.2.3-1 MPRWT for power class 3, BWchannel ≤ 200 MHz


MPRWT, BWchannel ≤ 200 MHz


  RBstart ≥ Ceil(1/3 NRB)  AND RBend ≤ Ceil(2/3 NRB)
RBstart  <  Ceil(1/3 NRB) OR
RBend  >  Ceil(2/3 NRB)
DFT-s-OFDM
Pi/2 BPSK
0.0
2.0

QPSK
0.0
2.0

16QAM
3.0
3.5

64QAM
5.0
5.5
CP-OFDM
QPSK
3.5
4.0

16QAM
5.0
5.0

64QAM
7.5
7.5

Table 6.2.2.3-2 MPRWT for power class 3, BWchannel = 400 MHz


MPRWT, BWchannel = 400 MHz


  RBstart ≥ Ceil(1/4 NRB)  AND 
RBend ≤ Ceil(3/4 NRB) AND LCRB≤Ceil(1/4 NRB)
RBstart  <  Ceil(1/4 NRB) OR
RBend  >  Ceil(3/4 NRB) OR LCRB>Ceil(1/4 NRB) 
DFT-s-OFDM
Pi/2 BPSK
· 0.0
· 3.0

QPSK
· 0.0
· 3.0

16QAM
· 4.5
· 4.5

64QAM
· 6.5
· 6.5
CP-OFDM
QPSK
· 5.0
· 5.0

16QAM
· 6.5
· 6.5

64QAM
· 9.0
· 9.0




(continued)
Table 6.2.2.3-2 MPRWT for power class 3, BWchannel = 400 MHz


MPRWT, BWchannel = 400 MHz


  RBstart ≥ Ceil(1/4 NRB)  AND 
RBend ≤ Ceil(3/4 NRB) AND LCRB≤Ceil(1/4 NRB)
RBstart  <  Ceil(1/4 NRB) OR
RBend  >  Ceil(3/4 NRB) OR LCRB>Ceil(1/4 NRB) 
DFT-s-OFDM
Pi/2 BPSK
0.0
3.0

QPSK
0.0
3.0

16QAM
4.5
4.5

64QAM
6.5
6.5
CP-OFDM
QPSK
5.0
5.0

16QAM
6.5
6.5

64QAM
9.0
9.0



There are some unresolved items, and some relaxations.
MPRnarrow
Previously, narrow allocations that were located outside the centre third region of the channel were allowed 2.5dB of MPR.
[MPRnarrow = 2.5 dB, when the allocated RB size is less than or equal to 1.44 MHz, and 0 ≤ RBstart ≤ Ceil(1/3 NRB) or Ceil(2/3NRB) ≤ RBstart ≤NRB-LCRB]
For waveforms in the outer thirds, and falling immediately outside this narrow constraint (i.e allocations wider than 1.44MHz), previously, there was an MPR of 1.5dB. MPR for these outer third regions has been increased in [2] to 2.0dB. This represents a spec relaxation.
MPRnarrow was instituted to protect some UE implementations that are sensitive to very narrow allocation waveforms. The failing mechanism is from some spurious product that fails either the SEM or general spurious requirements. This mechanism is obviously distinct from OBW compliance. We hence think the tentative status can be removed.
Proposal 1: Remove [ ]  from MPRnarrow for PC3
MPR Relaxations for DFT-s-64QAM
[bookmark: _GoBack]In [2], the MPR for DFT-s-64QAM was relaxed 0.5dB. We are not sure how this relaxation relates to the OBW constraint, and must be re-evaluated. A significant data point is the MPR allowed for CP-OFDM QPSK. Now CP-OFDM QPSK has higher PAPR than any DFT-s waveform. We also know that the MPR for CP-OFDM allows the UE to meet OBW requirements. It follows from these arguments that any DFt-s waveform will have lower IMD leakage outside the channel than CP-OFDM QPSK. This argument also implies that the MPR required for OBW compliance for a DFT-s waveform must be upper-bounded by the MPR provided for CP-OFDM QPSK. Per agreement in PC3, CP-OFDM QPSK has MPRs of 4.0 and 5.0dB, for <=200M and 400M respectively.
Observation1: Highest MPR needed for OBW compliance for any DFT-s waveform in <=200M channels is 4.0dB
Observation2: Highest MPR needed for OBW compliance for any DFT-s waveform in 400M channels is 5.0dB
We note that MPR for DFT-s-64QAM already exceeded that of CP-OFDM (<=200M) case, so there is no OBW justification for this relaxation:
Proposal 2: Change MPR for PC3, DFT-s-64QAM, <=200M, back to 5.0dB

MPR Relaxation for other DFT-s-16QAM waveforms
DFT-s-16QAM waveforms previously enjoyed 3dB MPR, now increased to 3.5dB. Now, OBW compliance is directly related to ACLR performance, which in turn is determined mainly by output power level. Our studies have found DFt-s-16QAM waveforms require 1dB additional back off relative to DFT-s-QPSK  (1.5dB MPR) to be OBW compliant. It is easy to see that any DFT-s-16QAM MPR that exceeds 2.5dB cannot justify relaxation on account of OBW. We note that previous DFT-s-16QAM MPR (3.0dB) already exceeded the threshold above. 
We however understand that our models may differ from others’, so we request proponents of this relaxation to show that the extra MPR is required for OBW, and not for EVM, IBE or SEM relaxation
Proposal 3: Change MPR for PC3, DFT-s-16QAM, <=200M, back to [3.0]dB

Conclusion
[bookmark: _Hlk525651684]We propose the following for FR2 PC3 MPR:
Proposal 1: Remove [ ]  from MPRnarrow for PC3
Proposal 2: Change MPR for PC3, DFT-s-64QAM, <=200M, back to 5.0dB
Proposal 3: Change MPR for PC3, DFT-s-16QAM, <=200M, back to [3.0]dB
Proposals are captured in a draft CR [3].
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