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1 Introduction
WID on NR eMIMO was updated in last RAN meeting and FR2 impact for the reduced PAPR pi/2-BPSK DMRS was removed.
· Specify core requirements associated with the items specified by RAN1 [RAN4]

· Specify RRM requirements

· Identify impact on RF requirements for the reduced PAPR pi/2-BPSK DMRS for FR1 and, if needed, specify RF requirements 
· Identify impact on RF requirements for the uplink full power transmission and, if needed, specify RF requirements 
This contribution continue the discussion on FR1 part.
2 Discussion
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. 


The specification has two sets of MPR requirements for Pi/2 BPSK, one is with power boosting and the other one is close to the MPR for QPSK. Why power boosting is possible in Rel-15 is because pulse shaping is utilized to further reduce the PAPR for Pi/2 BPSK waveform. However, pulse shaping is just an implementation method, which is not mandatory to be supported. Figure below shows the PAPR for both Pi/2 BPSK and DMRS with or without pulse shaping. 
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Figure 1: PAPR of DMRS

It can be seen clearly that without pulse shaping, the PAPR is quite large compared to the waveform applying pulse shaping. That’s the reason we distinguish two sets of MPR requirements for Pi/2 BPSK. No matter which DMSR is adopted, ZC based or Pi/2 BPSK based, the PAPR would not be improved magically without pulse shaping techniques. Thus the study should only be focused on the MPR for power boosting, and relative MPR improvement can be compared between ZC or Pi/2 BPSK based DMRS sequence with shaping effect. 

Observation 1: Two sets of MPR for Pi/2 BPSK are distinguished based on whether pulse shaping is utilized to reduce the PAPR of the waveform.

Observation 2: PAPR of DMRS with or without FDSS is quite different, thus the study should be focused only on DMRS with FDSS or pulse shaping techniques.
Observation 3: Only the relative comparison of MPR improvement for different DMRS is meaningful since the requirements in the specification are not determined purely by simulation campaign.
According to the above consideration, we run the simulation to compare the MPR improvement between different DMRS sequence. 

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 4: 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 5: The MPR improvement even with newly designed DMRS sequence cannot reach the power boosting level defined in Rel-15 spec

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 that in Rel-15, the DMRS is still ZC based sequence. Also from the simulation results in [6], 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 6: 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
Though MPR could be improved a little bit, it cannot change the requirement dramatically, since the MPR requirements in Rel-15 already considered power boosting. Based on the simulation results for the relative comparison, we didn’t see the possibility to change the existing Rel-15 MPR requirements, unless the Rel-15 requirements are revised to reflect the reality that ZC based DMRS is used for Rel-15 specification. 
Going back to the objective of the WI, it just tasked RAN4 to 

· Identify impact on RF requirements for the reduced PAPR pi/2-BPSK DMRS for FR1 and, if needed, specify RF requirements 
Which is not saying that RAN4 has to define the new requirements for pi/2-BPSK DMRS. Given the current observations, we think the impact on RF requirements is minimum if we don't want to touch the Rel-15 requirements.
Proposal 2: If Rel-15 MPR for Pi/2 BPSK cannot be revised, then there is no RF requirements should be specified for new DMRS design.   
3 Conclusion

Further analysis of DMRS improvement was discussed in this contribution. According to the simulation evaluation, we have the following observations and proposals.

Observation 1: Two sets of MPR for Pi/2 BPSK are distinguished based on whether pulse shaping is utilized to reduce the PAPR of the waveform.

Observation 2: PAPR of DMRS with or without FDSS is quite different, thus the study should be focused only on DMRS with FDSS or pulse shaping techniques.

Observation 3: Only the relative comparison of MPR improvement for different DMRS is meaningful since the requirements in the specification are not determined purely by simulation campaign.
Observation 4: 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 5: The MPR improvement even with newly designed DMRS sequence cannot reach the power boosting level defined in Rel-15 spec

Observation 6: 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
Proposal 2: If Rel-15 MPR for Pi/2 BPSK cannot be revised, then there is no RF requirements should be specified for new DMRS design.
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