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1	Introduction
This contribution relates to a new study item agreed in RAN#91-e, namely “optimizations of pi/2 BPSK uplink power in NR” [1]. In this paper we study the achievable UE Tx power with different shaping filters. This relates to the following objectives of the SID [1]:
1. Identify achievable UE Tx power for pi/2 BPSK with the pulse shaping filter studied in this study item. 
1. Identify shaping filter characteristics necessary to enable the new power capability while ensuring good and robust BS receiver performance.
1. Justify specification of a pulse shaping filter for this new identified UE power capability if it differs from filter impulse response specification in TS38.101-1 clause 6.4.2.4.1.E
1. Evaluate possible pulse shaping filter requirement applicable to the identified new UE power capability if achievable 
1. Identify if necessary changes are needed to EVM equalizer flatness mask requirements to capture necessary filter shaping. Changes to the existing 14 dB p-p baseline to be assessed in relation to any potential gains in UL link performance while still ensuring robust BS receiver performance for all UEs in a cell. 
2	Discussion
According to the agreed study, different filter shapes for pi/2 BPSK have been tested, including different 3-tap filters and the [1+D] filter. Figure 1 shows the shape of the filters in the positive side of the spectrum. Three of the tested filters don’t fulfil the 14 dB p-p EVM spectral flatness requirements. The filter with taps [-0.335 1 -0.335] is the most aggressive 3-tap filter that fulfils the EVM spectral flatness requirement, represented as the maximum attenuation mask in the figure.
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[bookmark: _Ref71092959]Figure 1. Different filter shapes

Figure 2 shows the PAPR distribution for the tested filters, and for QPSK and unfiltered PI/2-BPSK for reference. When comparing the PAPR results with OBO results (shown in Figure 3 and Figure 4), we can note the same trend: [1+D] gives the worst results at the CCDF point of  and in the OBO results. In terms of PAPR at the CCDF point of , the 3-tap filter [-0.335 1 -0.335] gives the lowest PAPR.
[image: ]
[bookmark: _Ref71093075]Figure 2. PAPR for pi/2 BPSK with different filter shapes

Figure 3 and Figure 4 show the simulated OBO (Output Back-Off) of PA (Power Amplifier) as function of PRB allocation for both central allocation (Figure 3) and edge allocation (Figure 4) by considering UE RF requirements (IBE, OBW, EVM, ACLR) for a 100 MHz channel with subcarrier spacing of 30 kHz. The OBO is defined as the saturated output power compared to mean output power.
It can be noted that for central allocations, all filters except the [1+D] can operate in full saturation (26.6 dBm output power) for all allocation sizes.
In edge allocations, again [1+D] give the worst results. ​ On the other hand [-0.335 1 -0.335], which is close to the 14 dB p-p limit can be used with full saturation even for edge allocations. 
Results indicated that there is no justification for tightening the pulse shaping filter requirements. The reason behind is that the existing filter requirements can provide the maximum achievable power for the considered scenarios. 
Based on the results, we make the following observations:
Observation 1: For central allocations, all filters except the [1+D] can operate in full saturation (26.6 dBm output power) for all allocation sizes
Observation 2: For edge allocations [1+D] gives the worst results
Observation 3: For edge allocations [-0.335 1 -0.335], which is close to the 14 dB p-p limit can be used with full saturation even for edge allocations.
Observation 4: There is no justification for tightening the pulse shaping filter requirements in Rel-17.
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[bookmark: _Ref71093239]Figure 3. Power Amplifier Output Back-Off as function of PRB allocation size, central allocation.
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[bookmark: _Ref71093249]Figure 4. Power Amplifier Output Back-Off as function of PRB allocation size, edge allocation.


[bookmark: OLE_LINK53][bookmark: OLE_LINK54]3	Conclusion
In this Tdoc we have studied the achievable UE Tx power with different shaping filters. Based on the results we make the following observations:
Observation 1: For central allocations, all filters except the [1+D] can operate in full saturation (26.6 dBm output power) for all allocation sizes
Observation 2: For edge allocations [1+D] gives the worst results
Observation 3: For edge allocations [-0.335 1 -0.335], which is close to the 14 dB p-p limit can be used with full saturation even for edge allocations.
Observation 4: There is no justification for tightening the pulse shaping filter requirements in Rel-17.
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