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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:

1. FFS: Whether it will have RAN1 spec impact: In our view the spectrum shaping filter should be specified in RAN1 for the following reasons:

· Whether spectrum shaping filter is specified or not is tied to a) RS design b) Channel estimation quality at the BS receiver c) Ensuring predictable UE behaviour. We address these issues below.
· 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 yet degrades the receiver performance. These limitations do not exist for ZC case.
The next issue is ensuring predictable UE behaviour. In our opinion, if the spectrum shaping function is not specified in RAN-1, the UE may use arbitrarily chosen filters. In such cases, the BS channel cannot expect consistent UE behaviour across multiple vendors. Alternatively, if the spectrum shaping filter is specified in RAN-1 the BS can exploit this knowledge for optimizing the channel estimator.

2. FFS: Applicability below 6 GHz
a. In markets like India, 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 (compared to band 40), some operators request 26 dBm UE power for handheld devices and higher UE power for CPEs (e.g. 31 dbm). For TDD operation, considering UL/DL time sharing, the average power level of a 26 dBm PA will be less than or equal to corresponding 23 dbm FDD case. The proposed waveform provides 26 dBm power using LTE PA technology using baseband changes only (change MPR to 0). 
b. India introduced the concept of LMLC (Low Mobility Large Cell) in ITU WP 5D as a requirement. LMLC requires large rural cells with a cell size as high as 8 Km. LMLC uses 5G specifications for below 6 GHz frequency bands. A significant use case for LMLC is CPEs with high power (e.g. 31 dbm). The proposed waveform enables high power UE design at a lower cost. Therefore pi/2 BPSk with spectrum shaping is an essential feature required for meeting LMLC requirements of IMT2020.
3. Considering the aforementioned aspects, the exact spectrum shaping function needs to be specified in RAN-1. Two possible solutions, one based on two taps and other based on 3-taps is suggested in R1-1704782. RAN-1 should select one of the two proposed filter based on performance/complexity trade-off
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 
