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1 Introduction
PI/2 BPSK DMRS as a newly added objective under eMIMO WI was discussed initially in last RAN4 meeting. 

· Identify impact on RF requirements for the reduced PAPR pi/2-BPSK DMRS and, if needed, specify RF requirements 
WF on Assumptions for PI/2 DMRS Simulation for FR1 and FR2 was agreed in [1]. However, some detailed parameters which were not discussed in the WF may also have impact on the simulation results. In order to have a baseline to compare the results, we think further consideration on the assumptions should be aligned in the group.
2 Discussion

The following part is copied from the WF for FR1 evaluation. 
· Perform MPR simulations based on the following assumptions for PC3 with waveform 1 and waveform 2
· Simulation assumptions for FR1 
· Waveform1 : shaped DFT-s-OFDM Pi/2 BPSK PUCSH data with 1 symbol of Zadoff-Chu DMRS
· Waveform2 : shaped DFT-s-OFDM Pi/2 BPSK PUCSH data with 1 symbol of Pi/2 BPSK DMRS
· Waveform1 and waveform2 SCS=15KHz
· Waveform1 and waveform2 BW=20MHz
· Waveform1 and waveform 2 RB_start/LCRB allocations (TS38.521-1, table 6.1-1):
· RB_case 1 = RB start 0  LCRB=2
· RB_case 2 = RB start 104  LCRB=2
· RB_case 3 = RB start 0  LCRB=1
· RB_case 4 = RB start 105  LCRB=1
· RB_case 5 = RB start 0 LCRB=100
· RB_case 6 = RB start 25 LCRB=50
· RB_case 7 = RB start 1 LCRB=1
· RB_case 8 = RB start 104 LCRB=1
· Waveform1 and waveform2 filter shaping function [0.3 1 0.3] 
Figure 1 is the TRX diagram of specification transparent approach to implement the pi/2 BPSK with FDSS. 
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Figure 1: TRX diagram of specification transparent approach
The shaping function provided in the WF is based on the time domain. However, from the diagram we see that DMRS and Pi/2 BPSK data are multiplexed in the frequency domain. Therefore, how to implement FDSS is up to UE implementation. The problem is that the results could be different and there is no baseline for the comparison of the results. 
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Figure 2: PAPR of DMRS

Figure 2 shows the DMRS with or without FDSS for the ZC sequence. It can be seen that for different approach for DMRS and Pi/2 BPSK data, the PAPR difference could be around 1dB. Even for different length of CG sequence for Pi/2 BPSK, the PAPR could be similar as the data signal using Pi/2 BPSK, the PAPR difference for different sequences agreed in RAN1 could also be as large as 1dB. 

Observation 1: The PAPR difference for data signal of Pi/2 BPSK with different implementation FDSS approaches could be around 1dB, and the PAPR difference for different sequence length of DMRS could also be as large as 1dB based on agreed RAN1 design.

The table below is the MPR requirement copied from FR1 specification for PC3 UE. 
Table 6.2.2-1 Maximum power reduction (MPR) for power class 3

	Modulation
	MPR (dB)

	
	Edge RB allocations
	Outer RB allocations
	Inner RB allocations

	DFT-s-OFDM 


	Pi/2 BPSK
	≤ 3.51
	≤ 1.21
	≤ 0.21

	
	
	≤ 0.52
	≤ 0.52
	02

	
	QPSK
	≤ 1
	0

	
	16 QAM
	≤ 2
	≤ 1

	
	64 QAM
	≤ 2.5

	
	256 QAM
	≤ 4.5

	CP-OFDM 


	QPSK
	≤ 3
	≤ 1.5

	
	16 QAM
	≤ 3
	≤ 2

	
	64 QAM
	≤ 3.5

	
	256 QAM
	≤ 6.5

	NOTE 1:
Applicable for UE operating in TDD mode with Pi/2 BPSK modulation and UE indicates support for UE capability powerBoosting-pi2BPSK and if the IE powerBoostPi2BPSK is set to 1 and 40 % or less slots in radio frame are used for UL transmission for bands n40, n41, n77, n78 and n79. The reference power of 0 dB MPR is 26 dBm.

NOTE 2:
Applicable for UE operating in FDD mode, or in TDD mode in bands other than n40, n41, n77, n78 and n79 with Pi/2 BPSK modulation and if the IE powerBoostPi2BPSK is set to 0 and if more than 40 % of slots in radio frame are used for UL transmission for bands n40, n41, n77, n78 and n79. 


For the case without power boosting, MPR for inner RB allocation is already 0dB. And for outer and edge RB allocations, the MPR in Rel-15 is ≤ 0.5dB. As we discussed above, the difference of PAPR due to FDSS approach applied for Pi/2 BPSK could be as large as 1dB, the existing MPR requirement may not be further improved. 
As for Pi/2 BPSK with spectrum shaping, it is a special case with power boosting under some specific conditions. It is worth noting that even spectrum shaping is utilized for Pi/2 BPSK data signal, since the DMRS in Rel-15 is ZC based sequence, the advantage of low PAPR would be impacted by DMRS design. However, power boosting is already supported in Rel-15. 
Table below provides the simulation results on delta MPR for ZC and Pi/2 BPSK based DMRS sequences. 
	　
	RB start
	LCRB
	　delta MPR

	RB_case 1
	0
	2
	0.21 

	RB_case 2
	104
	2
	0.21 

	RB_case 3
	0
	1
	0.20 

	RB_case 4
	105
	1
	0.18 

	RB_case 5
	0
	100
	0.20 

	RB_case 6
	25
	50
	0.05 

	RB_case 7
	1
	1
	0.19 

	RB_case 8
	104
	1
	0.18 


From the simulation results, we don't see the room to further reduce the MPR for the boosting scenario.
Observation 2: No obvious MPR improvement is observed from the simulation results for FR1 at least for the evaluated RB cases.
For FR2, the current MPR requirements for PC3 are copied as below:
Table 6.2.2.3-1 MPRWT for power class 3, BWchannel ≤ 200 MHz
	Modulation
	MPRWT, BWchannel ≤ 200 MHz

	
	Inner RB allocations,

Region 1
	Edge RB allocations



	DFT-s-OFDM
	Pi/2 BPSK
	0.0
	≤ 2.0

	
	QPSK
	0.0
	≤ 2.0

	
	16 QAM
	≤ 3.0
	≤ 3.5

	
	64 QAM
	≤ 5.0
	≤ 5.5

	CP-OFDM
	QPSK
	≤ 3.5
	≤ 4.0

	
	16 QAM
	≤ 5.0
	≤ 5.0

	
	64 QAM
	≤ 7.5
	≤ 7.5


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

	Modulation
	MPRWT, BWchannel = 400 MHz

	
	Inner RB allocations,

Region 1
	Edge RB allocations



	DFT-s-OFDM
	Pi/2 BPSK
	0.0
	≤ 3.0

	
	QPSK
	0.0
	≤ 3.0

	
	16 QAM
	≤ 4.5
	≤ 4.5

	
	64 QAM
	≤ 6.5
	≤ 6.5

	CP-OFDM
	QPSK
	≤ 5.0
	≤ 5.0

	
	16 QAM
	≤ 6.5
	≤ 6.5

	
	64 QAM
	≤ 9.0
	≤ 9.0


The inner RB allocation for CBW ≤ 200 MHz occupies 1/3 region of the whole RB ranges and now the MPR for Pi/2 BPSK is 0dB already. According to RAN4 RF feature list, “RAN4 will define the same minimum requirements for pulse-shaped pi/2 BPSK and non pulse-shaped pi/2 BPSK for FR2.” Different from FR1, we don't think that power boosting requirement can also be used for FR2. So the comparison should be focused on the edge RB allocations. 

Observation 3: Same requirements are applied for both pulse-shaped Pi/2 BPSK and non-pulse-shaped pi/2 BPSK for FR2

As seen in the FR1 simulation results, the MPR improvement is not obvious with different DMRS sequences. Before running simulation of FR2, we think it would be better to further align the simulation assumptions. Since the FDSS approaches could be based on choices by companies, but the worst case of DMRS sequences with largest PAPR could be considered. 
On the other hand, it is known that MPR is not the mandatory power backoff, for better designed UE, it can adopt less power backoff while still fulfil the corresponding RF requirements. We know that Pi/2 BPSK is mandatory to be supported, but not for spectrum shaping. Thus MPR improvement based on shaping for both data and DMRS can be considered as UE implementation optimization. 
Observation 4: MPR improvement based on pulse-shaping can be considered as UE implementation optimization
3 Conclusion

Analysis on Pi/2 BPSK DMRS is provided in this contribution. 
Based on the simulation results, we see no obvious MPR improvement for FR1 Pi/2 BPSK. 

For FR2 simulation, it is suggested to further align the simulation assumptions to consider the worst case DMRS sequence.

Observation 1: The PAPR difference for data signal of Pi/2 BPSK with different FDSS implementation approaches could be around 1dB, and the PAPR difference for different sequence length of DMRS could also be as large as 1dB based on agreed RAN1 design.

Observation 2: No obvious MPR improvement is observed from the simulation results for FR1 at least for the evaluated RB cases.
Observation 3: Same requirements are applied for both pulse-shaped Pi/2 BPSK and non-pulse-shaped pi/2 BPSK for FR2
Observation 4: MPR improvement based on pulse-shaping can be considered as UE implementation optimization
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