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Introduction
In RAN4#104b-e, we discussed which PC1.5 requested TDD bands may be subject to additional emission requirements in [1] and identified band n39 PC1.5 requiring A-MPR requirement for NS_50. Based on this assessment, the other bands were directly introduced in CR [2] as they only required MPR which was already specified. In this contribution, we provide a preliminary set of measured back off for NS_50 A-MPR for n39 PC1.5.
Discussion
Row backoff measurements and preliminary analysis for NS_50
To do a first assessment of the NS_50 A-MPR for n39, 2Tx measurements with two coupled PC2 PAs were performed with:
· 3dB post PA losses and 10 dB antenna coupling (PAs coupled at 16dB)
· PC2 PAs calibrated at 31dB ACLR at 1dB MPR for 20MHz QPSK 100RB0 waveform
· QPSK CP-OFDM and DFT-s-OFDM waveforms
· A number of RB allocations from 1 RB to full allocation in order to sample the RB allocation space, focusing on the corner cases.

With the set of measurements we have been able to perform within the brief time between the two meetings, we cannot properly define the A-MPR regions, but we are able to identify the additional A-MPR needed for PC1.5 compared to PC2.

In Table 1 below we provide the needed backoff to:
· Meet the general requirements (ACLR, SEM)
· Meet the two regions for additional emission requirements of NS_50.
The table is organized as follows:
· The first 4 columns cover QPSK CP-OFDM waveforms, the next 4 cover QPSK DFT-s-OFDM and within each blocks of 4 columns:
· The first column provides the channel bandwidth and the RB allocation
· The second column details the required back off to meet general and NS_50 requirements
· The third column provides a tag for the limit driving the back-off:
· The emission limit in the first 25MHz below the band with -15dBm/5MHz tagged “NS1” when it is the back-off limit
· The emission limit in the next lower 50MHz with -40dBm/MHz tagged “NS2” when it is the back-off limit
· The tag “NS12” is used when both NS1 and NS2 are both at the limit
· When the PC1.5 MPR is sufficient, it is tagged “MPR”
· The fourth column provides the worst case PC2 applicable A-MPR
· When it is highlighted in red, the PC2 worst case A-MPR is not sufficient
· When it is highlighted in yellow, the PC2 worst case A-MPR is just enough
· It should be noted that in some cases the PC1.5 MPR is higher than the PC2 A-MPR

Observations: The observations below need further confirmation with more allocations tested as the corner case may have been missed with the current sampled set. Yet when a larger back-off is identified, it must be considered.
· For CP-OFDM:
· For 5 and 10MHz CBW, MPR may be sufficient and there may be no need to define an NS_50 A-MPR table
· For 15 to 40 MHz CBW, for the full allocation case, which is limited by “NS1” or “NS2” depending on the bandwidth, the worst case back-off is larger than the largest PC2 A-MPR value
· For DFT-s-OFDM:
· For 5 to 15MHz CBW, MPR or PC2 A-MPR may be sufficient
· For 20 to 40 MHz CBW, for the full allocation case, which is limited by “NS1” or “NS2” depending on the bandwidth, the worst case back-off is larger than the largest PC2 A-MPR value
· For 30MHz CP-OFDM and 40MHz and both CP and DFT-s-OFDM, the required back off exceeds 8dB and thus further verification is needed at a lower PA voltage to account for APT and ET implementations
· For 40MHz, A-MPR at full PA voltage is 14/14.5dB for Co/DFT waveforms respectively.

Table 1: measured back-off for PC1.5 NS01 and it comparison to PC1.5 MPR and NS_50 PC2 A-MPR
	CP-OFDM
	WC PC2
A-MPR
	DFT-s-OFDM
	WC PC2
A-MPR

	waveform
	back-off
	limit
	A-MPR
	
	waveform
	back-off
	limit
	A-MPR
	

	05M_001RI000
	0
	MPR
	4.5
	NA
	05M_001RI000
	0
	MPR
	2.5
	NA

	05M_005RI000
	0
	MPR
	4.5
	NA
	05M_005RI000
	0
	MPR
	2.5
	NA

	05M_010RI000
	0
	MPR
	4.5
	NA
	05M_010RI000
	0
	MPR
	2.5
	NA

	05M_020RI000
	0.3
	MPR
	4.5
	NA
	05M_020RI000
	0
	MPR
	2.5
	NA

	05M_025RI000
	0.9
	MPR
	4.5
	NA
	05M_025RI000
	0
	MPR
	2.5
	NA

	10M_001RI000
	2.5
	MPR
	4.5
	4
	10M_001RI000
	1.9
	MPR
	2.5
	4

	10M_001RI004
	2
	MPR
	4.5
	4
	10M_001RI004
	0
	MPR
	2.5
	4

	10M_001RI007
	0
	MPR
	4.5
	4
	10M_001RI007
	0
	MPR
	2.5
	4

	10M_005RI000
	2.5
	MPR
	4.5
	4
	10M_005RI000
	1.2
	MPR
	2.5
	4

	10M_010RI000
	2.4
	MPR
	4.5
	4
	10M_010RI000
	1.4
	MPR
	2.5
	4

	10M_020RI000
	1.3
	MPR
	4.5
	4
	10M_020RI000
	0.5
	MPR
	2.5
	4

	10M_040RI000
	2.9
	MPR
	4.5
	4
	10M_040RI000
	2
	MPR
	2.5
	4

	10M_052RI000
	3.8
	MPR
	4.5
	4
	10M_050RI000
	3.5
	NS1
	3.5
	4

	15M_001RI000
	2.6
	MPR
	4.5
	4.5
	15M_001RI000
	2
	MPR
	2.5
	4

	15M_001RI008
	2.1
	MPR
	4.5
	4.5
	15M_001RI008
	1.6
	MPR
	2.5
	4

	15M_001RI016
	0
	MPR
	4.5
	4.5
	15M_001RI016
	0
	MPR
	2.5
	4

	15M_005RI000
	2.6
	MPR
	4.5
	4.5
	15M_005RI000
	1.4
	MPR
	2.5
	4

	15M_010RI000
	2.6
	MPR
	4.5
	4.5
	15M_010RI000
	1.5
	MPR
	2.5
	4

	15M_020RI000
	2.5
	MPR
	4.5
	4.5
	15M_020RI000
	1.4
	MPR
	2.5
	4

	15M_040RI000
	2.5
	MPR
	4.5
	4.5
	15M_040RI000
	1.3
	MPR
	2.5
	4

	15M_079RI000
	5
	NS1
	5
	4.5
	15M_075RI000
	3.5
	NS1
	3.5
	4

	20M_001RI000
	3.2
	MPR
	4.5
	4.5
	20M_001RI000
	2.7
	NS1
	3
	4

	20M_001RI013
	2.5
	MPR
	4.5
	4.5
	20M_001RI013
	1.7
	MPR
	2.5
	4

	20M_001RI025
	0
	MPR
	4.5
	4.5
	20M_001RI025
	0
	MPR
	2.5
	4

	20M_005RI000
	3.3
	MPR
	4.5
	4.5
	20M_005RI000
	1.5
	MPR
	2.5
	4

	20M_010RI000
	3
	MPR
	4.5
	4.5
	20M_010RI000
	1.6
	MPR
	2.5
	4

	20M_020RI000
	2.5
	MPR
	4.5
	4.5
	20M_020RI000
	1.2
	MPR
	2.5
	4

	20M_040RI000
	3.5
	MPR
	4.5
	4.5
	20M_040RI000
	2.1
	MPR
	2.5
	4

	20M_080RI000
	5.5
	NS1
	5.5
	4.5
	20M_080RI000
	3.5
	NS1
	3.5
	4

	20M_106RI000
	6
	NS1
	6
	4.5
	20M_100RI000
	5
	NS2
	5
	4

	25M_001RI000
	2.5
	MPR
	4.5
	7
	25M_001RI000
	2
	MPR
	2.5
	5.5

	25M_001RI020
	2.1
	MPR
	4.5
	7
	25M_001RI020
	1.6
	MPR
	2.5
	5.5

	25M_001RI034
	1
	MPR
	4.5
	7
	missing meas
	 
	 
	 
	5.5

	25M_005RI000
	2.6
	MPR
	4.5
	7
	missing meas
	 
	 
	 
	5.5

	25M_010RI000
	2.7
	MPR
	4.5
	7
	missing meas
	 
	 
	 
	5.5

	25M_020RI000
	2.5
	MPR
	4.5
	7
	missing meas
	 
	 
	 
	5.5

	25M_040RI000
	2.3
	MPR
	4.5
	7
	missing meas
	 
	 
	 
	5.5

	25M_080RI000
	5.5
	NS1
	5.5
	7
	missing meas
	 
	 
	 
	5.5

	25M_133RI000
	7
	NS2
	7
	7
	missing meas
	 
	 
	 
	5.5

	30M_001RI000
	2.3
	MPR
	4.5
	7
	30M_001RI000
	1.8
	MPR
	2.5
	5.5

	30M_001RI025
	3
	MPR
	4.5
	7
	30M_001RI025
	2.1
	MPR
	2.5
	5.5

	30M_001RI043
	1.2
	MPR
	4.5
	7
	30M_001RI043
	0
	MPR
	2.5
	5.5

	30M_005RI000
	3.1
	MPR
	4.5
	7
	30M_005RI000
	1.4
	MPR
	2.5
	5.5

	30M_010RI000
	2.9
	MPR
	4.5
	7
	30M_010RI000
	1.6
	MPR
	2.5
	5.5

	30M_020RI000
	2.9
	MPR
	4.5
	7
	30M_020RI000
	1.2
	MPR
	2.5
	5.5

	30M_040RI000
	2.7
	MPR
	4.5
	7
	30M_040RI000
	1.4
	MPR
	2.5
	5.5

	30M_080RI000
	5.4
	NS1
	5.5
	7
	30M_080RI000
	4
	NS1
	4
	5.5

	30M_160RI000
	8
	NS2
	8
	7
	30M_160RI000
	5.9
	NS2
	6
	5.5

	40M_001RI000
	14.5
	NS2
	14.5
	12.5
	40M_001RI000
	14
	NS2
	14
	11.5

	40M_001RI040
	2.6
	MPR
	4.5
	12.5
	40M_001RI040
	1.7
	MPR
	2.5
	11.5

	40M_001RI071
	1.5
	MPR
	4.5
	12.5
	40M_001RI071
	0
	MPR
	2.5
	11.5

	40M_005RI000
	13.5
	NS2
	13.5
	12.5
	40M_005RI000
	12.5
	NS2
	12.5
	11.5

	40M_010RI000
	12
	NS2
	12
	12.5
	40M_010RI000
	11.5
	NS2
	11.5
	11.5

	40M_020RI000
	10
	NS2
	10
	12.5
	40M_020RI000
	9.5
	NS2
	9.5
	11.5

	40M_040RI000
	8.5
	NS12
	8.5
	12.5
	40M_040RI000
	8
	NS2
	8
	11.5

	40M_080RI000
	8.4
	NS1
	8.5
	12.5
	40M_080RI000
	6
	NS1
	6
	11.5

	40M_160RI000
	9.5
	NS2
	9.5
	12.5
	40M_160RI000
	8.7
	NS2
	9
	11.5

	40M_216RI000
	12
	NS2
	12
	12.5
	40M_216RI000
	12
	NS2
	12
	11.5



Although incomplete, the analysis above shows that in some cases the MPR (thanks to the larger value for PC1.5) or PC2 A-MPR may be sufficient for the NS_50 PC1.5 case for the smaller channel bandwidths. The 30MHz and 40MHz channel bandwidth, however, require higher A-MPR values and will probably require a redefinition of the A-MPR regions. Also, it is essential that back-off >8dB are further evaluated at low PA voltage to account for APT and ET implementations.

Proposal: before finalizing A-MPR values for NS_50, the cases where the back-off required is >8dB need to be further evaluated at low PA voltage to account for APT and ET implementations.
Conclusions
In this contribution, we provide a first set of measurements of two coupled PC2 PAs to assess PC1.5 NS_50 required A-MPR in band 39. The set is not yet complete but already shows that additional back-off will be needed. This allowed us several observations and a proposal for the larger back-off cases.

Observations: The observations below need further confirmation with more allocations tested as the corner case may have been missed with the current sampled set. Yet when a larger back-off is identified, it must be considered.
· For CP-OFDM:
· For 5 and 10MHz CBW, MPR may be sufficient and there may be no need to define an NS_50 A-MPR table
· For 15 to 40 MHz CBW, for the full allocation case, which is limited by “NS1” or “NS2” depending on the bandwidth, the worst case back-off is larger than the largest PC2 A-MPR value
· For DFT-s-OFDM:
· For 5 to 15MHz CBW, MPR or PC2 A-MPR may be sufficient
· For 20 to 40 MHz CBW, for the full allocation case, which is limited by “NS1” or “NS2” depending on the bandwidth, the worst case back-off is larger than the largest PC2 A-MPR value
· For 30MHz CP-OFDM and 40MHz and both CP and DFT-s-OFDM, the required back off exceeds 8dB and thus further verification is needed at a lower PA voltage to account for APT and ET implementations
· For 40MHz, A-MPR at full PA voltage is 14/14.5dB for Co/DFT waveforms respectively.

Proposal: before finalizing A-MPR values for NS_50, the cases where the back-off required is >8dB need to be further evaluated at low PA voltage to account for APT and ET implementations.
References
[1] R4-2215330	A-MPR for PC1.5 TDD bands, Skyworks Solutions Inc., RAN4#104b-e 
[2] R4-2217117	Draft CR for updating high power class for FR1 TDD single bands, CMCC, RAN4#104b-e 
3GPP
