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1. Introduction
During RAN 88Bis the following has been agreed
R1-1706698
WF on pi/2 BPSK with spectrum shaping
IITH, IITM, CEWiT, Tejas Networks, Reliance Jio, ATT, Deutsche Telekom, Sony, INL, Thales, Dish, Interdigital, KDDI, Skyworks, VIVO

Also supported by NTT DOCOMO, Straightpath Communications
Agreements:
· pi/2 BPSK DFT-s-OFDM supports spectrum shaping without spectrum expansion of pi/2 BPSK data at least for uplink data for carrier frequencies above 6 GHz and below 52.6 GHz

· Note that UE still has to fulfill all RAN4 requirements

· FFS: Whether it will have RAN1 spec impact
· FFS: Applicability below 6 GHz

· Note that RAN1 needs to consider at least spectrum efficiency, PA efficiency, complexity, and coverage

2. Next steps
In this contribution we address the underlying issues related to the FFS items:

· FFS: Whether it will have RAN1 spec impact. Whether spectrum shaping filter is specified or not is tied to a) Channel estimation quality at the BS receiver b) Ensuring predictable UE behaviour c) RS design. We address these issues below.
Based on the contributions and results submitted so far, we observe that, if the spectrum shaping function is not specified in RAN-1, the UE may use arbitrarily chosen filters. In such cases, the BS cannot expect consistent UE behaviour across multiple vendors. Alternatively, if the spectrum shaping filter is specified in RAN-1, the BS can exploit the knowledge of the filter for optimizing the channel estimator. In R1-1708143, the proponent applied RRC and truncated RRC filters. While the choice of filter provides low PAPR, the chosen filter may lead to additional channel estimation error. The proponent in R1-1708143 reported a degradation in BS receiver performance in certain cases. In R1-1708054, the proponent conducted a comprehensive analysis of trade-off between filter length, PAPR and channel estimation quality. It is reported that a 2-tap filter with two taps provides optimum performance and no degradation in BER when knowledge of filter is used in receiver design. This observation is consistent with our previously reported results. In R1-1709002, the proponent uses standard RRC filters with excess BW. In our understanding, the results of R1-1709002 are not consistent with the agreement related to pi/2 BPSK with spectrum shaping without BW expansion.
Observation: To ensure predictable performance at BS, and to get 3.0 dB additional PA power without additional BER degradation, the spectrum shaping filter should be specified by RAN-1

· For PUSCH, RS design should be common across all DFT-S-OFDM based modulation schemes. It is recommended to use LTE based ZC based RS design for all DFT-S-OFDM modulation schemes including pi/2 BPSK case. In R1-1704782, it is shown that ZC based RS has low PAPR and provides nearly the same output power as that of pi/2 BPSK with spectrum shaping. In case of ZC based RS, the RS does not go through spectrum shaping filter. The BS receiver estimates the propagation channel and during equalization the composite channel is estimated based on the ZC RS based estimated channel and the deterministic knowledge of spectrum shaping filter used by the pi/2 BPSK PUSCH data. In this case, the spectrum shaping filter must be specified in RAN1. 
An alternative to ZC RS is to use pi/2 BPSK RS that goes though the same spectrum shaping filter as that of PUSCH data. In this case, the PAPR of PUSCH data and RS will be the same. BS receiver can estimate the composite channel that includes propagation channel and spectrum shaping filter response in one shot. There are some drawbacks with this approach. The channel estimation quality associated with this method is lower than that of ZC based design. In this case, the BS has to estimate more channel taps (created by the spectrum shaping filter) than ZC based approach. Second, the pi/2 BPSK RS has to be chosen such that the sequence has nearly constant magnitude in frequency domain.  One has to design cell specific RS sequences for every allocation e.g. M=12,24,..128 etc. RS design is a complicated matter, it increases specification complexity, receiver implementation complexity and may yet degrade the receiver performance. These limitations do not exist for ZC case.

Observation: For pi/2 BPSK specify LTE type ZC sequence as RS

1. FFS: Applicability below 6 GHz
a. In markets like India and elsewhere, 5G deployment are expected to happen in 3.5 GHz TDD band. To offset the higher propagation losses caused by the higher frequency of operation some operators request 26 dBm UE power for handheld devices.  Some FDD operators also request 26 dBm UE power for NR for frequency bands below 6 GHz. Since the proposed waveform provides 26 dBm power using LTE PA technology using baseband changes only (change MPR to 0), and considering multiple operator requests we propose to increase applicability of pi/2 BPSK for frequency bands below 6 GHz.
3. Conclusion

Recommendation-1: Adopt ZC based RS for pi/2 with spectrum shaping
Recommendation-2: Specify the spectrum shaping function in RAN-1. Details of spectrum shaping FFS
Recommendation-3: Expand the applicability of pi/2 BPSK with spectrum shaping to frequency bands below 6 GHz 
