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1. Introduction
The following agreements are reached in RAN4#84Bis:
[image: image1.emf]For   pi/2 BPSK  waveforms  with spectrum shaping ,  the following   constraints   shall be met :   1)   EVM Eq ualizer Flatness :  The  calculated  EVM   equalizer coefficients  over  the   allocated   transmission  bandwidth   shall   be  bounded   per limits  shown in the following figure ,   prior to   their application   in  EVM calculation .    
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  Note s :   a)   t he values of X1, X2, X3   are to be determined by  considering impact   of spectrum shaping on  receiver performance   b)   W trans   is the   allocated   transmission bandwidth, F center   is the center frequency of the allocated  transmission bandwidth.   2)   Shaping Filter:  The IDFT of the  frequency response   coefficients  of the TX chain ,   𝑎 ෤ 𝑡 ሺ 𝑡 , 𝜏 ሻ , 𝜏 = 0 , 1 , … 𝑀 − 1 ,       where  M   i s the number of allocated subcarriers,  s hall satisfy   the following constraint:   ቊ | 𝑎 ෩ 𝑡 ሺ 𝑡 , 0 ሻ | ≥ | 𝑎 ෩ 𝑡 ሺ 𝑡 , 𝜏 ሻ | ∀ 𝜏 ≠ 0 | 𝑎 ෩ 𝑡 ሺ 𝑡 , 𝜏 ሻ | < 𝑌 1 < 𝜏 < 𝑀 − 1   where                     𝑎 ෤ 𝑡 ሺ 𝑡 , 𝜏 ሻ = 𝐼𝐷𝐹𝑇 ൛ 𝑎 ෤ ሺ 𝑡 , 𝑓 ሻ 𝑒 𝑗 𝜑 ෥ ሺ 𝑡 , 𝑓 ሻ ൟ      f is the frequency  of  allocated SC s       𝑎 ෥ ሺ 𝑡 , 𝑓 ሻ   and  𝜑 ෤ ሺ 𝑡 , 𝑓 ሻ   are the   amplitude and phase response, respectively of the T X   cha in     Y  is a parameter <<  | 𝑎 ෩ 𝑡 ሺ 𝑡 , 0 ሻ |    


· Value range for X1, X2, X3 and Y:
· X1: [4 to 8] dB
· X3: [3 to 15] dB
· Additional Constraints:
· X2 = X1 + X3
· X2 = [7 to 20] dB
· Y: [< -15] dB 
· UE Tx EVM equalizer spectrum flatness requirements are defined here for pi/2 BPSK with spectrum shaping. 
· No additional BS requirements will be developed for spectrum shaping of pi/2 BPSK
· This proposal, and related equations on the above, intend to set the minimum UE Tx spectrum flatness requirements for pi/2-BSPK spectrum shaping waveforms.
In RAN4#86 meeting the following draft CR was agreed:

R4-1803446
Draft CR to capture pi/2 BPSK with spectrum shaping related agreements





Source: IITH

The chairman’s notes states that:
IITH: we are ok to revise the CR as far as if he 6.4.3 is captured in the normative part.

Agreemement: 6.4.2.5 in the draft CR will be captured in the spec and the place of 6.4.3 is further discussed in the next meeting.

In LS R1-1715312 RAN4 was asked to take into account the following RAN1 views on defining the performance requirements for PUSCH pi/2 BPSK modulation: 
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
2. Recommendation
The main aim of introducing pi/2 BPSK with spectrum shaping feature is to exploit the potential 3.0 dB gain in power offered by the waveform without increasing the PA size with the goal of improving coverage. The agreements made in RAN1 and RAN4 does not consider a scenario where agreements always consider spectrum shaping. However, the RAN4 excel sheet that defines mandatory and optional feature list “pi/2 BPSK” feature which is interpreted by some companies as “pi/2 BPSK without spectrum shaping. We propose that:

1. For FR2, “Pi/2 BPSK” is always referred to “pi/2 BPSK with spectrum shaping”
2. “Pi/2 BPSK with spectrum shaping” feature shall be a “mandatory” UE feature for FR2
