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Introduction
In RAN #91e a new SI on Optimizations of pi/2 BPSK uplink power in NR [1] was approved. Further revised objectives were agreed in RAN #94e [2]:
	[bookmark: _Hlk66085574]The objective of this study is to evaluate the feasibility of increasing the UE’s uplink power in TDD bands for pi/2 BPSK modulation assuming use of existing UE power classes as indicated per band or band combination. The objectives are applicable to FR1 TDD bands n34, n39, n40, n41, n77, n78 and n79.
1. Identify achievable UE Tx power for pi/2 BPSK with the filter studied in this study item. 
2. Evaluate SAR-related duty-cycle restrictions and reporting mechanisms
3. Identify filter characteristics necessary to enable the new power capability while ensuring good and robust BS receiver performance.
a. The choice of filters is up to UE implementations and transparent to the network. 
b. Evaluate possible pulse shaping filter requirement applicable to the identified new UE power capability if achievable 
c. Identify if necessary, changes are needed to EVM equalizer flatness mask requirements to capture necessary filter. 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. 


In RAN4 #100e it was agreed to make evaluations based on net gain that combines both the transmitter and receiver performances [3]. In this contribution extend link level simulations provided in [4] and show combined Tx and Rx performance for several filters.
Tx + Rx Link Margin Analysis
In this our previous Tx + Rx link margin analysis [5], we were interested in evaluating the regions of operation on the 2D MPR figures to understand which operating regions have the highest combined Tx + Rx link performance.  In this contribution, we focus on Tx + Rx link margin delta of using a filter to no filter.  The three pulse shaping filters used are again [0.20 1 0.2], [0.28 1 0.28] and [1+D].  Two different channel models, TDLC300 and TDLA30 are used to highlight the effect of the channel on pulse shaping filter behavior.  
Table 1 provides a summary of link-level simulation assumptions. NR design assumes that pi/2 BPSK spectral shaping on UE side is performed on both data and DMRS symbols and, hence, the filtering is transparent to the gNB receiver.  A single PC2 PA was used in the Tx chain and was calibrated to 1dB MPR for DFT-s-OFDM, QPSK, BW=20MHz, 100RB with 4 dB post PA loss in order to be comparable with other simulation results in this study item. The channel models were used for evaluations and SNR @ 10% BLER was used as a test metric.
Table 1. Simulation assumptions
	Parameter
	Value

	Power Amplifier
	Single PC2 PA 

	PA Calibration
	[bookmark: _Hlk92454982]1dB MPR: DFT-s-OFDM QPSK 20MHz, 100RB with 4 dB post PA loss

	Pulse shaping filters
	[0.2 1 0.2]
[0.28 1 0.28] 
[1+D]

	Channel model
	TDL-C300ns, TDL-A30ns,

	MCS
	0 (MCS Table 3)

	Waveform
	DFTS OFDM with pi/2 BPSK filtered by same filter as for Rel-16 DMRS

	DMRS configuration
	Rel-16 low PAPR DMRS sequence

	# of DMRS symbols/slot
	2

	# of Data symbols/slot
	12

	TX/RX configuration
	1TX/4RX (low correlation)

	CBW
	20 MHz

	SCS 
	30 kHz

	HARQ configuration
	No retransmissions



In the three following figures, simulation results using the pulse shaping filter are compared with the same exact setup to no pulse shaping filter and the performance difference is measured in dB.  The formula for link margin delta used was:

Positive dB represent a combination of higher Tx power and better Rx SNR whereas negative dB represent lower Tx power and lower SNR.  It is noted that in all cases, adding a pulse shaping filter is done with the performance tradeoff of slightly lower SNR due to the blind Rx equalization process.
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Figure 1– Tx + Rx Link Margin filter delta for [0.2 1 0.2].  (a) TDL-C300ns case, (b) TDL-A30ns case 
Figure 1, shows the Tx + Rx link margin delta for [0.2 1 0.2].  For this filter, it can be seen that link margin performance is improved by up to 2.5dB for all outer RB locations. For inner RB locations, pulse filtering provides little benefit to Tx performance, yet does reduce Rx performance as the equalizer must blindly accommodate the filtering.  Thus for the TDL-C300nS channel model, the RBs mostly represent negative link margin delta of (-0.1dB to -0.2dB) (blueish shades).  For the TDL-A30nS case, there are fewer negative link margin locations as the Rx equalizer performance is less degraded by this channel model. 
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Figure 2 – Tx + Rx Link Margin filter delta for [0.28 1 0.28].  (a) TDL-C300ns case, (b) TDL-A30ns case 
In Figure 2, the Tx + Rx link margin delta for [0.28 1 0.28] is seen.  For this filter, outer RBs achieve slightly higher link margin delta.  This is because the sharper filter improves ACLR for outer RBs compared to the [0.2 1 0.2] case.  However, for inner RBs the filtering does not improve the Tx performance, while the Rx performance is more negatively impacted by the more aggressive filter.  For the TDL-A30nS case, there are fewer negative link margin locations than for the TDL-C300nS case as the Rx equalizer performance is less degraded by the channel model.
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Figure 3 – Tx + Rx Link Margin filter delta for [1+D].  (a) TDL-C300ns case, (b) TDL-A30ns case 

In Figure 3, the Tx + Rx link margin delta for [1+D] is seen.  For this more aggressive filter, outer RBs achieve  link margin delta nearly as high as the [0.28 1 0.28] case and better than the [0.2 1 0.2] case.  This also is because the sharper filter improves ACLR for outer RBs compared to the [0.2 1 0.2] case.  However, for inner RBs, where the filtering does not improve the Tx performance, this filter shows the lowest Rx performance and has the most negative link margin delta compared to no filter.  
Observation 1: The moderately aggressive [0.28 1 0.28] filter also gives the highest performance for outer RB locations
Observation 2: for inner RB locations no filter or the least aggressive [0.2 1 0.2] filter is best for avoiding Rx performance degradation due to filtering.
MPR Simulation Results
In this section we provide the MPR simulation results used in Tx calculations from section 2.  These can be used for reference.  The following figures shows the MPR power enhancement for different filtering profiles as a function of RB init.  Negative values represent MPR power enhancement beyond 26dBm.
[image: ]Figure 4 – MPR results above MPR0=26dBm for [0.2 1 0.2] filter and [0.28 1 0.28] filter.

The MPR power enhancement shown in Figure 4 shows that highest power enhancement for the [0.28 1 0.28] filter.  This is because the more aggressive [0.28 1 0.28] filter reduces ACLR impacts.
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Figure 5 – MPR results above MPR0=26dBm for no filter and [1+D] filter.
The MPR power enhancement shown in Figure 5 shows the MPR for the no filter case and [1+D].  For the no filter case the output power is lowest in the outer RBs whereas for the inner most RBs, the output power is the same as for the other filter cases.  For the [1+D] filter, the output power similar to the [0.28 1 0.28] filter but with slightly lower performance at the edge RBs

Observation 3: The MPR values in the inner RBs for LCRB < 20, are the same for all filters including the no filter results.  In this RB region, filtering provides no clear advantage.

Conclusions
Observation 1: The moderately aggressive [0.28 1 0.28] filter also gives the highest performance for outer RB locations
Observation 2: for inner RB locations no filter or the least aggressive [0.2 1 0.2] filter is best for avoiding Rx performance degradation due to filtering.
Observation 3: The MPR values in the inner RBs for LCRB < 20, are the same for all filters including the no filter results.  In this RB region, filtering provides no clear advantage.
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