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1 Introduction
Enhancement of DMRS for Pi/2 BPSK has been discussed in last RAN4 meeting [1-3]. During the discussion, companies found that the simulation assumptions should be further aligned, hence the WF on MPR Assumptions for PI/2 DMRS Simulations for FR1 and FR2 was further discussed and email approved after the meeting [4]. 
This contribution provides analysis based on the newly agreed assumptions and inputs from last meeting. 

2 Discussion

As we identified in [3], the selection of DMRS sequence even for those defined in Rel-16 by RAN1 could affect the PAPR of the waveform under evaluation. Thus we have the agreements on the DMRS generation in the WF:

· Use table 1 to generate the appropriate DMRS data
· For waveform length ≤ 4RB use the appropriate CGS sequence in table1. For each set of CGS sequences use the one that gives the maximum PAPR
· For waveform length ≥ 30 RB use Gold code sequence with c_init given in table 1 and any other cell ID not precluded
· The use of a subset of theses DMRS sequence lengths is also not precluded.
	Sequence Length
	Generation

	6 (1 PRB)
	8PSK CGS sequences with phases given by Table 1 of [7] followed by DFT.

	12 (2 PRB)
	Binary CGS sequence given by Table 1 of [8] followed by pi/2 BPSK modulation followed by DFT.

	18 (3 PRB)
	Binary CGS sequence given by Table 2 of [8] followed by pi/2 BPSK modulation followed by DFT.

	24 (4 PRB)
	Binary CGS sequence given by Table 3 of [8] followed by pi/2 BPSK modulation followed by DFT.

	≥30 (≥ 5 PRB)
	Gold-sequence followed by π/2 BPSK modulation followed by DFT. Use formula from Rel.15 CP-OFDM DMRS and reuse Rel-15 Gold sequence generator. Use c_init= [0     0     0     0     1     1     0     1     0     0     0     1     1     0     0     0     1     1     1    0     1     1     0     0     0     1     0     1     0     1     0]


DMRS sequence improvement is the key point for the MPR evaluation in RAN4. In Rel-15, the DMRS generation is based on ZC sequence, though the DMRS in Rel-15 can still use the FDSS to reduce the PAPR of the waveform, but the PAPR reduction for Pi/2 BPSK data together with DMRS is limited.

2.1 FR1 analysis

In Table 1, we provide the simulation results for some selected cases agreed in RAN4#92bis for FR1, which includes cases for edge RB, outer RB and inner RB allocations. To evaluate the potential MPR improvement, we give MPR results for ZC based DMRS and Pi/2 BPSK based DMRS, both are processed with FDSS technique to suppress the PAPR. 

	Table 1 MPR evaluation for alternative 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 


Based on simulation evaluation according to the updated assumptions, we see that even for outer RB allocation, the power boost compared to the waveform without FDSS cannot comply with the current requirements defined in the specification. The phenomenon can also be observed in the figure below. For example, the max power boost for outer RB allocation could be around 2dB, but the minimum boost is only 1.5dB for the Pi/2 BPSK based DMRS, and the improvement compared to Rel-15 ZC based DMRS is only 0.1dB.
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Figure 1 MPR evaluation for alternative DMRS sequences 
Observation 1: MPR can be improved a little bit for Pi/2 BPSK DMRS with FDSS compared to ZC DMRS with FDSS, but not too much
Observation 2: The MPR improvement even with newly designed DMRS sequence cannot reach the power boosting level defined in Rel-15 spec

Table 2 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. 


The power boost requirement for Pi/2 BPSK was confirmed only by one company in [5] by simulation results, even without the detailed results showing in the contribution. It is worth noting the in Rel-15, the DMRS is still ZC based sequence. In last meeting, from the simulation results in [1], it clearly said that “For an outer allocation waveform, the target output power is 24.8dBm, derived from an MPR of 1.2dB from a boosted effecting Pcmax of 26dBm. Comparing figures 2 and 3 the Pi/2 BPSK DMRS can achieve this target for some filter coefficients while a ZC DMRS cannot.” 
Observation 3: The Rel-15 power boosting requirements for Pi/2 BPSK are over optimistically defined
Proposal 1: Rel-15 power boosting requirement for Pi/2 BPSK should be revisited firstly, then to consider whether MPR improvement based on Pi/2 BPSK DMRS should be defined in Rel-16

2.2 FR2 analysis
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. 

Observation 4: Same requirements are applied for both pulse-shaped Pi/2 BPSK and non-pulse-shaped pi/2 BPSK for FR2

Therefore, we think that the DMRS evaluation should be focused on FR1.
Proposal 2: The DMRS evaluation should be focused on FR1.

3 Conclusion

Further analysis of DMRS improvement was discussed in this contribution. According to the simulation evaluation and considering the agreement on RF feature list, we have the following observations and proposals.
Observation 1: MPR can be improved a little bit for Pi/2 BPSK DMRS with FDSS compared to ZC DMRS with FDSS, but not too much

Observation 2: The MPR improvement even with newly designed DMRS sequence cannot reach the power boosting level defined in Rel-15 spec

Observation 3: The Rel-15 power boosting requirements for Pi/2 BPSK are over optimistically defined

Observation 4: Same requirements are applied for both pulse-shaped Pi/2 BPSK and non-pulse-shaped pi/2 BPSK for FR2

Proposal 1: Rel-15 power boosting requirement for Pi/2 BPSK should be revisited firstly, then to consider whether MPR improvement based on Pi/2 BPSK DMRS should be defined in Rel-16

Proposal 2: The DMRS evaluation should be focused on FR1.
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