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Introduction
In RAN#88e, the eMIMO WI has been extended for one quarter, and the remaining issue for DMRS is “Identify necessary MPR improvement with Pi/2 BPSK DMRS and corresponding requirement if any” [1]. 
This contribution provides our further consideration for the sake of closing the WI on time. 
Discussion
In the agreed WF in RAN4#94-e-bis, for the Pi/2 BPSK DMRS, the focus of the study is limited to IE powerBoostPi2BPSK set to 0, i.e. non-power-boosting scenario. The common understanding is that Pi/2 BPSK power boosting is based on FDSS implementation, thus the EVM flatness requirement is specified accordingly. However, even Pi/2 BPSK is an optional feature for FR1, not to say the FDSS implementation. Therefore, there is no assumption that IE powerBoostPi2BPSK is set to 0 and FDSS would still be utilized. 
Observation 1: No assumption that FDSS is utilized when the IE powerBoostPi2BPSK is set to 0. 
One purpose of the newly designed DMRS is that the new Pi/2 BPSK based sequence could have lower PAPR  compared to ZC-based DMRS in Rel-15, however, the lower PAPR is achieved under pre-condition that FDSS is utilized. RAN1 had a lot of discussion on the sequence design as well as evaluation of PAPR for different implementation of FDSS [2][3]. To better understand the PAPR issue, figure below in [3] is cited here for illustration.
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Figure 1 PAPR comparison among /2 BPSK modulated random PUSCH data, /2 BPSK based DMRS sequences and NR ZC sequences
It can be seen that the PAPR improvement only occurs with application of FDSS, however, if non-FDSS techniques are utilized, the PAPR has no big difference for both Pi/2 BPSK based and ZC-based DMRS sequences. 
Observation 2: PAPR improvement for DMRS sequence only occurs with condition that FDSS is utilized
As evaluated in [4], the capability of powerBoostPi2BPSK relies on whether FDSS is adopted for both data and DMRS. Based on the PAPR results in Figure 1, we see that the PA operation point is limited by the DMRS even with FDSS. However, the power boost defined in Rel-15 violates the observations of MPR simulation results for ZC-based DMRS [4][5]. That’s the reason we proposed to revisit the Rel-15 MPR results for Pi/2 BPSK power boost firstly then to consider the possible MPR improvement due to lower PAPR DMRS with FDSS in Rel-16. Since the group already decided that the study is focused on powerBoostPi2BPSK set to 0, we have to live with what we have in the spec so far.
Observation 3: The benefit of lower PAPR was already reflected by power boost functionality for Pi/2 BPSK defined in Rel-15.
On the other hand, since Pi/2 BPSK itself is not a mandatory feature for FR1, it’s not possible to assume that FDSS is mandatorily supported for Pi/2 BPSK, especially that in Rel-15 we already distinguished the implementation via powerBoostPi2BPSK capability indication. Furthermore, the EVM equalizer spectrum flatness requirements are different for UE indicates powerBoostPi2BPSK capabilities. Due to the FDSS implementation, it is expected that the spectrum flatness will be affected, thus the requirement is relaxed accordingly in exchange of lower PAPR, but nothing is got freely, the fluctuation of spectrum somehow would impact on the real scenario performance. 
	These requirements apply if the IE powerBoostPi2BPSK is set to 1 for power class 3 capable UE operating in TDD bands n40, n41, n77, n78 and n79 with Pi/2 BPSK modulation and UE indicates support for UE capability powerBoosting-pi2BPSK and 40 % or less slots in radio frame are used for UL transmission. Otherwise the requirements for EVM equalizer spectrum flatness defined in clause 6.4.2.4 apply.
The EVM equalizer coefficients across the allocated uplink block shall be modified to fit inside the mask specified in Table 6.4.2.4.1-1 for normal conditions, prior to the calculation of EVM. The limiting mask shall be placed to minimize the change in equalizer coefficients in a sum of squares sense.
Table 6.4.2.4.1-1: Mask for EVM equalizer coefficients for Pi/2 BPSK, normal conditions
	Frequency range
	Parameter 
	Maximum ripple (dB)

	|FUL_Meas – Fcenter| ≤ X MHz
(Range 1)
	X1
	6 (p-p)

	|FUL_Meas – Fcenter| > X MHz
(Range 2)
	X2
	14 (p-p)

	NOTE 1:	FUL_Meas refers to the sub-carrier frequency for which the equalizer coefficient is evaluated
NOTE 2:	Fcenter refers to the center frequency of an allocated block of PRBs
NOTE 3:	X, in MHz, is equal to 25% of the bandwidth of the PRB allocation
NOTE 4:	See Figure 6.4.2.4.1-1 for description of X1, X2





Observation 4: For IE powerBoostPi2BPSK is set to 0, the EVM equalizer spectrum flatness requirement is not relaxed to accommodate the FDSS implementation for both data and DMRS sequence. 
In sum, we think that the Pi/2 BPSK DMRS sequence can reduce the PAPR compared to ZC-based DMRS with FDSS, however, the MPR improvement was already over-utilized in Rel-15 by power boosting. For the IE powerBoostPi2BPSK is set to 0, FDSS is not mandatory to be utilized and the requirements should be applicable for both pulse-shaping and non-pulse-shaping implementations. It is worth noting that if FDSS is adopted by UE implementation when IE powerBoostPi2BPSK is set to 0, it means that the UE has to meet EVM equalizer spectrum flatness requirement supposed for non-pulse shaping implementation. 
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. For IE powerBoostPi2BPSK is set to 0, no requirements impact is identified for Pi/2 BPSK based DMRS in Rel-16. 
Observation 5: For IE powerBoostPi2BPSK setting to 0, no requirements impact is identified for Pi/2 BPSK based DMRS in Rel-16.   
For some UE with IE powerBoostPi2BPSK set to 0 and FDSS is adopted, if these kind of UE can fulfil the EVM equalizer spectrum flatness requirement supposed for non-pulse shaping implementation, MPR improvement can be considered as UE optimization as MPR is the specified maximum power backoff, which does not mean all UE should use the maximum value in real scenario.
Based on the observations above, we don’t think that new requirements should be specified in Rel-16 according to the evaluation so far in RAN4. Enhancement for case of IE powerBoostPi2BPSK setting to 1 could be further studied in future release.
Conclusion
To conclude the objective of DMRS for eMIMO WI, our observations and proposal are provided as following.
Observation 1: No assumption that FDSS is utilized when the IE powerBoostPi2BPSK is set to 0. 
Observation 2: PAPR improvement for DMRS sequence only occurs with condition that FDSS is utilized
Observation 3: The benefit of lower PAPR was already reflected by power boost functionality for Pi/2 BPSK defined in Rel-15.
Observation 4: For IE powerBoostPi2BPSK is set to 0, the EVM equalizer spectrum flatness requirement is not relaxed to accommodate the FDSS implementation for both data and DMRS sequence. 
Observation 5: For IE powerBoostPi2BPSK setting to 0, no requirements impact is identified for Pi/2 BPSK based DMRS in Rel-16.   

Proposal: No RF requirements should be specified for pi/2 BPSK DMRS in Rel-16. Enhancement for case of IE powerBoostPi2BPSK setting to 1 could be further studied in future release.
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