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1
Introduction
In the LS [1] RAN1 is asking RAN4 to define requirements for PUSCH pi/2 BPSK modulation and taking into account the following RAN1 agreements:
	Agreement

· The filter used for “Pi/2-BPSK spectral shaping without bandwidth expansion” is not defined in the standard, but the performance requirements are to define the boundary conditions to the filter implementations. To ensure good performance of the filter implementations, RAN1 suggests RAN4 to set requirements at least for spectrum flatness, in-band/out-of-band emission and EVM. Further, RAN1 recommends RAN4 to discuss the expectations on the shaping filter characteristics in time domain (pre-DFT)/frequency domain (post-DFT) to meet the above requirements.
· Exact Filter implementation is an UE implementation specific issue
· DMRS design for pi/2 BPSK based PUSCH transmission shall be included in the December version of the specification


In this contribution, we analyze what aspects are important to consider when RAN4 starts working on requirements for pi/2 BPSK DFT-s-OFDM UL with spectrum shaping. We also present link simulations for evaluating different spectrum shaping methods and performance aspects. 
2
Discussion 
We compared demodulation performance between shaping filter implementations in time domain (pre-DFT)  with two and frequency domain (post-DFT). Simulation assumptions is given in Table 1 and link performance is shown in Figure 1 and Figure 2.  The DMRS is shaped similarly with data and the receiver is not aware of pulse shaping method used in the transmitter.   
Table 1: Simulation assumptions
	Channel Estimation
	Realistic (MMSE)

	Radio Channnel 
	AWGN and TDL-C-1000

	Pulse Shaping methods
	(a) No pulse shaping t
(b) RRC pulse shaping through frequency domain processing with roll-off 0.25 
(c) Time domain precoding : 1+D 
(d) Time Domain precoding: 0.28125D-1+0.90625-0.28125D

	Receiver
	FDE (receiver is not aware of pulse shaping used in transmitter)

	Pilot Sequencies
	LTE based,  shaped  similarly with data

	PRB allocation
	2 PRB

	Modulation
	Pi/2 BPSK

	Coding Rate
	1/3
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Figure 1:  Link performance with and without spectral shaping in AWGN
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Figure 1:  Link performance with and without spectral shaping in TDL 1000 
Figure 2 (in appendix) shows property for different implementations

Among simulated filters the RRC through frequency domain processing performs 1-2 dB better compared to   simulated time domain filters.  This is due to different frequency responses shown in Figure 4 (in appendix).  Too aggressive shaping in frequency of simulated time domain filters results significant channel estimation impairment  and  noise enhancement of MMSE equalizer.  Therefore we suggest that requirement for spectrum flatness should be set so that it allows good UL demodulation  performance.
Observation 1: UL demodulation performance is highly depend on the filters  frequency response
Observation 2: Time domain filters such as 1+D and 0.28125D-1+0.90625-0.28125D. results  significant channel estimation impairment  and  noise enhancement of MMSE equalizer

Proposal 1: Spectrum flatness should be set such that channel estimation impairments and noise enhancement of MMSE equalizer are minimized
In addition to setting suitable spectrum flatness requirements for pi/2 BPSK DFT-s-OFDM UE transmissions it is also important to ensure that UE’s pi/2 BPSK DFT-s-OFDM transmission has good EVM, in-band emission and out of band emission performance and set suitable UE requirements for this. This is an area where further studies are still needed and we are planning to continue our investigations on this area in the next RAN4 meetings.
3
Conclusions 

In this contribution, we have analyzed UL demodulation performance aspects when pi/2 BPSK DFT-s-OFDM UL with spectrum shaping is used in UE UL transmissions. Based on our simulations we make the following observations and proposal.
Observation 1: UL demodulation performance is highly depend on the filters  frequency response

Observation 2: Time domain filters such as 1+D and 0.28125D-1+0.90625-0.28125D. results  significant channel estimation impairment  and  noise enhancement of MMSE equalizer

Proposal 1: Spectrum flatness should be set such that channel estimation impairments and noise enhancement of MMSE equalizer are minimized

In the upcoming RAN4 meeting further work is still needed for ensuring also good UE performance and related requirements for UE TX EVM, in-band emissions and out of band emissions. 
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Figure 3. PAR 
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Figure 4 Frequency response
