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1.	Introduction
Based on TP [1] for the TR 38.868 from RAN4 101-bis-e, the following text proposals and modifications are made:
1) Section 5.5 – Addition of BLER figures to further support LLS tables already included
2) Section 6.2.3 – Inclusion of Tx + Rx Link margin analysis as noted in RAN4 101-bis-e meeting
a. New analysis of Tx+Rx link margin comparing filters
3) Section 8.4 – Update of power enhancement MPR curves.  
a. Change of reference value from 29dBm to 26dBm to be more consistent with the rest of TR 38.868.  
b. Additional MPR figures.
Reference
[1] R4-2202387,” TP for Pi/2 BPSK study item for TR38.868”, RAN4-101-bis-e, Qualcomm
Start of TP
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5.5 Intel link level simulation results
Table 5.5-1 provides a summary of link-level simulation assumptions. The results of analysis of pulse-shaping filtering impact on PUSCH demodulation performance are summarized in Tables 5.5-2 -to 5.5-5, which provide estimated PUSCH SNR loss @ 10% BLER due to pulse shapingfiltering, and detailed results are also provided in Annex A. Figure 5.5-1 provides illustration of the obtained performance in TDLC300 channel model. 
Table 5.5-1: Simulation assumptions
	Parameter
	Value

	Pulse shaping filters
	[0.2 1 0.2]
[0.28 1 0.28]
[0.335 1 0.335]

	Channel model
	AWGN, TDL-C300ns, TDL-A30, TDL-D30

	MCS
	0 (MCS Table 1)

	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

	# of RBs
	2, 4, 8, 16, 64

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

	CBW
	100 MHz

	SCS
	30 kHz

	HARQ configuration
	No retransmissions

	Test metric
	1% BLER



Table 5.5-2: SNR loss compared to scenario without pulse-shaping in AWGN, dB
	Parameter
	Filters

	
	[0.2 1 0.2]
	[0.28 1 0.28]
	[0.335 1 0.335]

	2 PRB
	1.1
	1.7
	2.2

	4 PRB
	0.3
	0.9
	1.5

	8 PRB
	0.4
	1.1
	1.6

	16 PRB
	0.5
	1.1
	1.7

	64 PRB
	0.7
	1.3
	1.8



Table 5.5-3: SNR loss compared to scenario without pulse-shaping in TDLA30, dB
	Parameter
	Filters

	
	[0.2 1 0.2]
	[0.28 1 0.28]
	[0.335 1 0.335]

	2 PRB
	1.2
	1.2
	2.2

	4 PRB
	0.3
	0.3
	1.5

	8 PRB
	0.1
	0.1
	1.5

	16 PRB
	0.5
	0.5
	1.8

	64 PRB
	0.7
	0.7
	1.8



Table 5.5-4: SNR loss compared to scenario without pulse-shaping in TDLC300, dB
	Parameter
	Filters

	
	[0.2 1 0.2]
	[0.28 1 0.28]
	[0.335 1 0.335]

	2 PRB
	1.0
	1.6
	2.2

	4 PRB
	0.8
	1.5
	1.9

	8 PRB
	0.6
	1.5
	2.2

	16 PRB
	0.4
	1.1
	1.9

	64 PRB
	0.8
	1.3
	1.7



Table 5.5-5: SNR loss compared to scenario without pulse-shaping in TDLD30, dB
	Parameter
	Filters

	
	[0.2 1 0.2]
	[0.28 1 0.28]
	[0.335 1 0.335]

	2 PRB
	1.1
	1.7
	2.2

	4 PRB
	0.1
	0.6
	1.2

	8 PRB
	0.1
	0.6
	1.2

	16 PRB
	0.4
	0.9
	1.4

	64 PRB
	0.8
	1.2
	1.6




	Parameter
	Value

	Pulse shaping filters
	[0.2 1 0.2]
[0.28 1 0.28] 
[0.335 1 0.335]

	Channel model
	AWGN, TDL-C300ns, TDL-A30, TDL-D30

	MCS
	0 (MCS Table 1)

	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

	# of RBs
	2, 4, 8, 16, 64

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

	CBW
	100 MHz

	SCS 
	30 kHz

	HARQ configuration
	No retransmissions


Table 5.5.1. Simulation assumptions

	Allocation size
	Pulse-shaping filters

	
	[0.2 1 0.2]
	[0.28 1 0.28]
	[0.335 1 0.335]

	2 PRB
	1.1
	1.7
	2.2

	4 PRB
	0.3
	0.9
	1.5

	8 PRB
	0.4
	1.1
	1.6

	16 PRB
	0.5
	1.1
	1.7

	64 PRB
	0.7
	1.3
	1.8


Table 8.5.1: SNR loss compared to scenario without pulse-shaping in AWGN, dB

	Allocation size
	Pulse-shaping filters

	
	[0.2 1 0.2]
	[0.28 1 0.28]
	[0.335 1 0.335]

	2 PRB
	1.2
	1.2
	2.2

	4 PRB
	0.3
	0.3
	1.5

	8 PRB
	0.1
	0.1
	1.5

	16 PRB
	0.5
	0.5
	1.8

	64 PRB
	0.7
	0.7
	1.8


Table 8.5.2: SNR loss compared to scenario without pulse-shaping in TDLA30, dB

	Allocation size
	Pulse-shaping filters

	
	[0.2 1 0.2]
	[0.28 1 0.28]
	[0.335 1 0.335]

	2 PRB
	1.0
	1.6
	2.2

	4 PRB
	0.8
	1.5
	1.9

	8 PRB
	0.6
	1.5
	2.2

	16 PRB
	0.4
	1.1
	1.9

	64 PRB
	0.8
	1.3
	1.7


Table 8.5.3: SNR loss compared to scenario without pulse-shaping in TDLC300, dB

	Allocation size
	Pulse-shaping filters

	
	[0.2 1 0.2]
	[0.28 1 0.28]
	[0.335 1 0.335]

	2 PRB
	1.1
	1.7
	2.2

	4 PRB
	0.1
	0.6
	1.2

	8 PRB
	0.1
	0.6
	1.2

	16 PRB
	0.4
	0.9
	1.4

	64 PRB
	0.8
	1.2
	1.6


Table 8.5.4: SNR loss compared to scenario without pulse-shaping in TDLD30, dB
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	Figure 5.5-1: BLER vs SNR for TDL-C channel model



Based on the obtained results we make the following observations:
Observation #1:
1. Pulse shaping result in PUSCH demodulation performance loss with larger performance degradation observed for more aggressive filters. Up to 2.2 dB SNR loss is observed for [0.335 1 0.335] filter.
1. The largest degradation is observed for small PRB allocations and the reduces in case of using larger PRB allocations
1. There is a negligible performance loss dependency on channel model at least with practical receive processing
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6.2.3 Intel Tx + Rx link margin analysis
Table 6.2.3-1 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.  Three filters [0.2 1 0.2], [0.28 1 0.28], and [1+D] were used as example of least, moderate and most aggressive filtering respectively based on frequency roll-off. 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. TDLC300 and TDLA30 channel models were used for evaluations and SNR @ 10% BLER was used as a test metric.
Table 6.2.3-1: Tx + Rx Simulation Assumptions
	Parameter
	Value

	Power Amplifier
	Single PC2 PA 

	PA Calibration
	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 order to have good comparison between the different filters and channel models it is necessary to clearly define Net Tx + Rx Gain.   One way to evaluate Tx+Rx link margin is to compare delta of performance with a filter against the same setup using no filter.  This is done in the clause 6.2.3.2 and allows for comparison in filter performance.   However, it is also useful to analyse absolute performance of the achievable link budget.  This is done in clause 6.2.3.1.
6.2.3.2 Tx + Rx combined link margin 
In this section we evaluate the Tx + Rx combined 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.  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.
[image: ]
Figure 6.2.3.2-1: Tx + Rx Link Margin filter delta for [0.2 1 0.2].  (a) TDL-C300ns case, (b) TDL-A30ns case 
Figure 6.2.3.2-1 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 6.2.3.2-2: Tx + Rx Link Margin filter delta for [0.28 1 0.28].  (a) TDL-C300ns case, (b) TDL-A30ns case 
In Figure 6.2.3.2-2, 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 6.2.3.2-3: Tx + Rx Link Margin filter delta for [1+D].  (a) TDL-C300ns case, (b) TDL-A30ns case 
In Figure 6.2.3.2-3, 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.  
6.2.3.1 Tx + Rx combined link margin (relative to MPR0 and maximum SNR)
In this analysis, we are 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.  Tx output may range between 23dBm to 28dBm, Rx SNR for Pi/2BPSK may range from -13 to -5dB and there is also the path loss.  SNR varies with LCRB and tends to be best for large LCRBs and degrade for small LCRBs.  For this analysis, we normalize to zero value for MPR0 (26dBm) Tx power and we normalize Rx SNR for the highest achievable value (LCRB=50) with no filter.  By normalizing the Rx with the largest LCRB case with no filter which is the best case, we can see the small trade-offs between filter performance.  

In the following figures Tx + Rx combined link margin is represented; positive dB represent better performance in terms of higher Tx power and/or better SNR.
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Figure 6.2.3.1-1: Tx + Rx Link Margin above Tx PC2 (26dBm) and Rx SNR for LCRB=50 for [0.2 1 0.2].  (a) TDL-C300ns case, (b) TDL-A30ns case
 [image: ]
Figure 6.2.3.1-2: Tx + Rx Link Margin above Tx PC2 (26dBm) and Rx SNR for LCRB=50 for [0.28 1 0.28].  (a) TDL-C300ns case, (b) TDL-A30ns case
 [image: ]
Figure 6.2.3.1-3: Tx + Rx Link Margin above Tx PC2 (26dBm) and Rx SNR for LCRB=50 for [1+D].  (a) TDL-C300ns case, (b) TDL-A30ns case
All six of the plots in Figure 6.2.3.1-1 - 6.2.3.1-3 have some common trends. In all cases the lower 12% of LCRB cases (LCRB≤6 for CBW=20MHz) have at least some negative link margins. For these small LCRBs, the degradation in equalization performance exceeds any gains in Tx output power had by using Pi/2BPSK.
Observation 1: In all cases simulated, the lower 12% of LCRB cases (LCRB ≤ 5 for CBW=20MHz) have at least some negative link margins for the channel models evaluated.
This is due to fact that small RBs are more easily impacted by sharp fades from the channel models.  It can also be observed that this effect is more severe for the TLD-C300nS channel model than the TLD-A30nS model.
The largest 12% of LCRBs cases (LCRB ≥ 45 for CBW=20MHz) have slightly lower link performance than the middle LCRBs, but only by 0.5dB to 1.0dB less link margin.  This is due to ACLR/SEM limitation on the Tx side.
Observation 2: The link margin is the highest for a small triangle of middle LRCBs above and below 12% of the top and bottom edges, and with the peak values in the centre at LCRB near 40% of LCRBmax. 
It is also noted that the left and right edge RBs within 8% of LCRBmax also have degraded link margin due to ACLR/SEM limitations on the Tx side.
Table 6.2.3.1-1: Selected Link Margin values from the TDL-A30ns case for comparison
	
	Link Margin (dB)

	Filter
	40RB6
	20RB16
	10RB21
	Max

	[0.2 1 0.2]
	2.2
	2.8
	2.2
	2.9

	[0.28 1 0.28]
	2.6
	2.6
	2.0
	2.7

	[1+D]
	2.5
	2.5
	1.8
	2.6



Next, we compare between the three filters.  Table 6.2.3.2 shows some specific values selected from the Figures 6.2.3.1-1 – 6.2.3.1-3.  The first observation is that there isn’t a significant difference in Tx + Rx link performance between the three filters.  There is only 0.3dB difference between the least aggressive and the most aggressive filter.
For max Link margin the [0.2 1 0.2] filter achieves the highest value.  This is because the Rx equalization is simplest with the flattest, least aggressive filter.

Table 6.2.3.1-2: Link Margin values for LCRB = 40 for the TDL-A30ns case for comparison
[image: ]
In Table 6.2.3.1-2, values are shown for each filter for the LCRB = 40 case.  This represents the upper region of the 2D plot.  In the table it is seen that the [0.28 1 0.28] filter has the highest value and the widest region of high values.  This phenomenon can also be seen comparing Figure 6.2.3.1-2 to Figure 6.2.3.1-1, 6.2.3.1-3.  The inner triangle region is largest for the [0.28 1 0.28] filter.
Observation 3: The [0.2 1 0.2] filter achieves the highest value for link margin.  However, the [0.28 1 0.28] filter has the largest inner triangle region of high values, making it the best compromise filter. The overall difference in performance of different filters is rather limited and as stated in the updated SI objectives the actual filter design can be transparent to the network.
In summary, two methods of evaluating Tx + Rx link margin were presented.  The first, Tx + Rx absolute link margin shows the RB regions with highest combined performance.  All of the RBs within the region 12% from top or bottom and 8% from the edges.  The middle aggressive [0.28 1 0.28] filter gives the highest overall link margin for the widest range of RBs.  The second Tx + Rx link margin delta compares the filter performance.  In this case, we see that the middle aggressive [0.28 1 0.28] filter also gives the highest performance for outer RB locations.  However, 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.
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8.4 Intel results for power enhancement
The following figures shows the MPR power enhancement for different filtering profiles as a function of RB init. Negative values represent MPR power enhancement above 26dBm which is MPR0.
[image: ]
Figure 8.4-1: 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 8.4.1 shows that highest power enhancement is for the [0.28 1 0.28] filter.  This is because the more aggressive [0.28 1 0.28] filter reduces ACLR impacts more than less aggressive filters.
[image: ]
Figure 8.4-2: MPR results above MPR0=26dBm for no filter and [1+D] filter
The MPR power enhancement shown in Figure 8.4.2 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
The following figure shows the MPR requirements for different filtering profiles as a function of RB init.
[image: ]
Figure 8.4.1 – Comparison between filters for MPR using BW = 20MHz, LCRB = 16Figure 8.4-3: Comparison between filters for MPR using BW = 20MHz, LCRB = 16
In Figure 8.4-3, a horizontal cross section of the previous MPR figures is compared for the LCRB = 16 within the 2D figures.  In addition, MPR curves for QPSK with no pulse shaping filter and [0.335 1 0.335] filter are shown.  In the inner region the advantage of Pi/2BPSK can be seen over QPSK.  Near the outer edges, the impact of filtering can be seen.  The Pi/2QPSK case with no filtering is only slightly better than QPSK.  However all of the cases with filtering show MPR improvement over the no filtering case.  The [0.335 1 0.335] case is more aggressive than the [0.28 1 0.28] case but shows little MPR improvement.

Observation 1: For Inner RBs, the MPR is nearly identical for the three four filters considered [0.2 1 0.2], [0.28 1 0.28], [1+D] and [0.335 1 0.335]. 
Observation 2: For Inner RBs, the MPR for filtered Pi/2BPSK represents 0.8dB additional power that the UE PA can deliver compared to QPSK.
Observation 3: More aggressive roll-off filters improve UE PA output power for the RBs near the edge.  For inner RBs and non-edge RBs the sharper filter does not provide significant increase in output power. [0.28 1 0.28] is the least aggressive filter that yields most of the benefits of filtering.
8.5 Huawei results for power enhancement
<End of Text Proposal>
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