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1. Background
In RAN4#86 meeting, following agreements were reached regarding MPR values in FR2 [1].
	Waveform
	Modulation
	50/100/200MHz
	400MHz

	DFT-s-OFDM
	Pi/2 BPSK
	[TBD]
	[TBD]

	
	QPSK
	1.5
	3.0

	
	16QAM
	2.5
	4.0

	
	64QAM
	4.5
	6.0

	CP-OFDM
	QPSK
	3.5
	5.0

	
	16QAM
	4.5
	6.0

	
	64QAM
	7
	8.5



For pi/2 BPSK modulation, following agreements were made online in main session of RAN4#86 when discussing UE feature list
pi/2-BPSK for PUSCH is optional
Type 4 (per UE) with FR1/2 differentiation
RAN4 will define the same minimum requirements for pulse-shaped pi/2 BPSK and non pulse-shaped pi/2 BPSK for FR2.
pi/2-BPSK for PUCCH format 3/4 is optional 
Type is same as pi/2-BPSK for PUSCH, i.e. Type 4 (per UE) with FR1/2 differentiation


In this paper, we discuss pi/2 BPSK MPR requirements for FR2. 


2. Discussion on pulse-shaped pi/2 BPSK and non pulse-shaped pi/2 BPSK
For pi/2 BPSK modulation, there are two types of UE implementation: pulse-shaped and non pulse-shaped. Pulse shaping can be added to either PUSCH or PUCCH before IFFT to reduce PAPR of waveform. Pulse shaping can potentially be used to increase UE output power compared with non pulse-shaped pi/2 BPSK to extend cell coverage. However, two points need to be discussed before defining pulse shaping for higher output power. 

From UE implementation, in order to make gNB transparent of pulse shaping, the same pulse shaping coefficients need to be added to corresponding DMRS. It was observed in [2][3] that PAPR from DMRS is the limiting factor of PAPR for UL waveform. If we specify pulse-shaped pi/2 BPSK for higher output power (smaller MPR) compared to non pulse-shaped pi/2 BPSK, the peak signals from DMRS portion with pulse shaping can be higher than that without pulse shaping. This could potentially damage mmW PA, considering that pi/2 BPSK is already operating very close to the saturation range of PA. 


From network perspective, the ASN1 version of Rel15 has been frozen. From RAN2 spec [4], network cannot distinguish pulse-shaped pi/2 BPSK from non pulse-shaped pi/2 BPSK, because there is no additional bit in RRC parameter. In other words, if we define two MPR values for pi/2 BPSK (one value for pulse-shaped pi/2 BPSK, and a different value for non pulse-shaped pi/2 BPSK), network cannot track UL UE power headroom calculation, since MPR values are needed for power headroom reporting calculation. This will make UL power control more complicated from network perspective at least for ASN1 version of Rel15.
Phy-ParametersFRX-Diff ::=   SEQUENCE {
-- R1 2-6 & 2-16b: Support 1+2 DMRS (DL/UL)
    oneFL-DMRS-TwoAdditionalDMRS     BIT STRING (SIZE (2))                   OPTIONAL,
-- R1 2-7 & 2-18: Supported 2 symbols front-loaded DMRS(DL/UL)
twoFL-DMRS                       BIT STRING (SIZE (2))                   OPTIONAL,

…………………………………………
[bookmark: _Hlk508825090]    absoluteTPC-Command                  ENUMERATED {supported}                      OPTIONAL,
-- R1 8-7: UL power control with 2 PUSCH closed loops
    twoDifferentTPC-Loop-PUSCH           ENUMERATED {supported}                      OPTIONAL,
-- R1 8-8: UL power control with 2 PUCCH closed loops
    twoDifferentTPC-Loop-PUCCH           ENUMERATED {supported}                      OPTIONAL,
-- R4 1-6: pi/2-BPSK for PUSCH
    pusch-HalfPi-BPSK                ENUMERATED {supported}                      OPTIONAL,
-- R4 1-7: pi/2-BPSK for PUCCH format 3/4
    pucch-F3-4-HalfPi-BPSK               ENUMERATED {supported}                      OPTIONAL,
-- R4 1-9: 1-symbol GP in unpaired spectrum
    oneSymbolGP-TDD                      ENUMERATED {supported}                      OPTIONAL,
-- R4 2-7: Almost contiguous UL CP-OFDM
    almostContiguousCP-OFDM-UL           ENUMERATED {supported}                      OPTIONAL
}


Figure 1 RAN2 defined pi/2 BPSK RRC parameter [4]

Therefore, extending agreements made online in main session from RAN4#86, we propose
Proposal 1: non pulse-shaped pi/2 BPSK modulation and pulse-shaped pi/2 BPSK modulation have the same MPR requirement in FR2 for Rel. 15

3. MPR results on non pulse-shaped pi/2 BPSK
Through lab measurements on 28GHz mmWave PA, following observation was made 
Observation 1: For BW = 100MHz, SCS=60KHz, 128RB DFT-S-OFDM non pulse-shaped Pi/2 BPSK, MPR is -0.5 dB

We can observe that non pulse-shaped pi/2 BPSK still has output power gain compared with power class reference waveform using QPSK modulation in terms of negative MPR. Note that Observation 1 is for full RB allocation with 100MHz CHBW. After checking all possible RB allocations for different CHBWs and considering existing relaxation for 400MHz CHBW [1], we propose 
Proposal 2: Adopt the row of pi/2 BPSK in Table1 for FR2 MPR requirement of pi/2 BPSK in Rel.15

Table 1 NR FR2 MPR requirement
	Waveform
	Modulation
	50/100/200MHz
	400MHz

	DFT-s-OFDM
	Pi/2 BPSK
	1
	2.5

	
	QPSK
	1.5
	3.0

	
	16QAM
	2.5
	4.0

	
	64QAM
	4.5
	6.0

	CP-OFDM
	QPSK
	3.5
	5.0

	
	16QAM
	4.5
	6.0

	
	64QAM
	7
	8.5





4. Conclusion
In this paper, we present FR2 pi/2 BPSK MPR results.
Proposal 1: non pulse-shaped pi/2 BPSK modulation and pulse-shaped pi/2 BPSK modulation have the same MPR requirement in FR2 for Rel. 15
Observation 1: For BW = 100MHz, SCS=60KHz, DFT-S-OFDM non pulse-shaped Pi/2 BPSK, MPR is -0.5 dB
Proposal 2: Adopt the row of pi/2 BPSK in Table1 for FR2 MPR requirement of pi/2 BPSK in Rel.15


5. References
[1]	R4-1803263, “WF on MPR for FR2”, Intel, Qualcomm
[2]	R4-1800315, “DMRS Limits Power Potential of pi/2 BPSK with SS”, Qualcomm
[3]	R4-1802329, “PUCCH for pi/2 BPSK with SS”, Qualcomm
[4]	38.331, “Radio Resource Control (RRC) protocol specification (Release 15)”, Ver 15.1

