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1	Introduction 
During RAN4#105, there was a proposal to introduce PC1.5 to NS_47 [1]. The proposal is based on the current consideration on MOP relaxation in Japan. Due to these forthcoming changes, it is expected that PC1.5 devices would be allowed in the near future. This contribution provides simulations results and discusses the changes required to introduce PC1.5 to NS_47. 
2  Discussion
2.1 Simulation assumptions
The power class 1.5 is achieved by deploying two power class 2 amplifiers and combining the output power over the air. Due to simultaneous transmission over two antennas at the same carrier frequency reverse intermodulation products are created requiring increased backoff compared to a single power amplifier. The reverse intermodulation effect is not covered by traditional MPR/A-MPR simulations since a single Tx over single antenna is assumed. Including reverse intermodulation is non-trivial. To obtain a base result for initial discussion the simulations results from this contribution assume infinite antenna isolation. 
The results for power class 1.5 have been obtained by utilizing two power class 2 amplifiers. According to TS 38.101-1 the total power is combined as sum of both connectors. Small delay diversity with 600ns shift is used for 15kHz SCS, which has also been used in [3]. Due to large back-offs an APT model is deployed. Further parameters are:
· Calibration of individual PC2 amplifier: 1dB MPR, DFT-s-OFDM QPSK 20MHz, 100RB0
· Carrier Leakage: 28dBc
· Image: 28dBc
· CIM3: 60dBc
· CIM5: 70dBc
Emission requirements according to TS 38.101-1:
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When "NS_47" is indicated in the cell, the power of any UE emission shall not exceed the levels specified in Table 6.5.3.3.15-1. This requirement also applies for the frequency ranges that are less than FOOB (MHz) in Table 6.5.3.1-1 from the edge of the channel bandwidth.
Table 6.5.3.3.15-1: Additional requirements for NR channels assigned within 2545 - 2575 MHz for "NS_47"
	Frequency band
(MHz)
	Channel bandwidth (MHz) /
Spectrum emission limit
(dBm)
	Measurement bandwidth

	
	30
	

	2530 ≤ f ≤ 2535
	-25
	1 MHz

	2505 ≤ f ≤ 2530
	-30
	1 MHz


     



2.2 Simulation results
The A-MPR regions are governed by various emissions falling into the protected frequency ranges. PC1.5 has the same amplifier linearity as PC2 due to the 2xPC2 approach. With deploying sufficient diversity mechanic in the UL, the emissions from both antennas are approximately power adding over the air. Simulations have been conducted for 30MHz channel bandwidth with all uplink modulation orders to check the A-MPR region definitions for use with PC1.5. The results for QPSK are displayed below for DFT-s-OFDM and CP-OFDM.
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The evaluation was conducted with 60dBc for C-IM3 and 70dBc for CIM5. With those values the region A3 requires less than the allowed 5dB power back-off for PC2. In [2] it was argued that for hardware implementation the C-IM3 level can be as high as 53dBc which led to the A-MPR proposals of 2dB for PC3 and 5dB for PC2. Following this agreed approach, the power back-off would be 8dB for PC1.5, not considering potential impact of rIMD. 
The contribution [4] for RAN4#106 proposed an A-MPR of 8.5dB which is 3.5dB increased compared to PC2. Concerns were raised that increasing MPR more than 3dB would create a situation in which PC1.5 could have less output power capability compared to PC2. This could create issues in certain scenarios. The original proposal in [4] was made with considering margin for potential impact of rIMD. The current state is that the actual impact of rIMD on C-IM3 is uncertain. It is therefore proposed to check with measurements whether the rIMD creates additional power back-off need or whether 8dB A-MPR would be sufficient.
Observation 1: Region A3 is governed by C-IM3. With defining PC1.5 the A-MPR would require an additional 3dB compared to PC2. The actual impact of rIMD on C-IM3 is unclear and the effect of rIMD might or might not introduce additional power back-off need.
Proposal 1: Measurements could be conducted to evaluate whether the rIMD creates additional power back-off need or whether 8dB A-MPR would be sufficient for region A3.
The A-MPR regions from lower power classes are re-used for initial analysis. For RB_start < 50 most RBs are limited by the out-of-band emission limits. Naturally, with PC1.5 the required back-off rises for all RBs. There exist certain RBs for which the power backoff exceeds MPR but are not covered by any A-MPR region. Introducing one additional A-MPR region would be sufficient to meet the additional power back-off need for PC1.5. Two options are suggested. Option 1 represents the simpler one with a rectangular region (marked in yellow). The disadvantage of this approach is that the region cuts unnecessarily deep into the inner MPR region. Option 2 defines an alternative region with a triangular shape efficiently covering only the allocations which require larger power back-off.

Option 1:
Table 1: PC1.5 A-MPR regions and types for NS_47
	Channel Bandwidth, (MHz)
	Carrier Centre Frequency, Fc, (MHz)
	RBstart*12*SCS
(MHz)
	LCRB*12*SCS
(MHz)
	A-MPR

	30MHz
	Fc=2560-2560.020
	≤5.04
	≤1.44
	A1

	
	
	>5.04, ≤9.6
	≤1.44
	A2

	
	
	>24.48
	≤1.44
	A3

	
	
	≤9.6
	>21
	A2

	
	
	
	>14.4, <21
	A4

	
	
	≤7.56
	>10, ≤14.4
	A4

	
	
	>6.12, ≤7.92
	>10, ≤14.4
	A5

	
	
	≤6.12
	>1.44, <10
	A2

	NOTE:	The A-MPR values are listed in Table 6.2.3.18-2.
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Option 2:
Table 2: PC1.5 A-MPR regions and types for NS_47
	Channel Bandwidth, (MHz)
	Carrier Centre Frequency, Fc, (MHz)
	RBstart*12*SCS
(MHz)
	LCRB*12*SCS
(MHz)
	A-MPR

	30MHz
	Fc=2560-2560.020
	≤5.04
	≤1.44
	A1

	
	
	>5.04, ≤9.6
	≤1.44
	A2

	
	
	>24.48
	≤1.44
	A3

	
	
	≤9.6
	>21
	A2

	
	
	
	>14.4, <21
	A4

	
	
	>6.12, ≤7.92
	>RBstart*12*SCS+3.6, ≤14.4 
	A5

	
	
	≤6.12
	>10, ≤14.4
	A4

	
	
	
	>1.44, <10
	A2

	NOTE:	The A-MPR values are listed in Table 6.2.3.18-2.
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Proposal 2: Introduce new A-MPR region to cover certain RBs which require more power back-off than defined by PC1.5 MPR. Decide either for the proposed region 1 or 2.

The table 3 provides our proposal on A-MPR. It includes certain margin to cover the impact of rIMD and includes the new A-MPR region (A5) which is only defined for PC1.5. The proposed A-MPR values are shown below:
Table 3: A-MPR for modulation and waveform type including PC1.5
	Modulation/Waveform
	A1(dB)
	A2(dB)
	A3(dB)
	A4(dB)
	A5(dB)

	
	PC3
	PC2
	PC1.5
	PC3
	PC2
	PC1.5
	PC3
	PC2
	PC1.5
	PC3
	PC2
	PC1.5
	PC1.5

	
	Outer/
Inner
	Outer/
Inner
	Outer/
Inner
	Outer/
Inner
	Outer/
Inner
	Outer/
Inner
	Outer/
Inner
	Outer/
Inner
	Outer/
Inner
	Outer/
Inner
	Outer/
Inner
	Outer/
Inner
	Outer/
Inner

	DFT-s-OFDM PI/2 BPSK
	≤ 7
	≤ 10
	≤ 13.0
	≤ 5.5
	≤ 8.5
	≤ 11.0
	≤ 2
	≤ 5
	≤ [8]
	≤ 3
	≤ 6
	≤ 8.5
	≤ 3.0

	DFT-s-OFDM QPSK
	≤ 7
	≤ 10
	≤ 13.0
	≤ 5.5
	≤ 8.5
	≤ 11.0
	≤ 2
	≤ 5
	≤ [8]
	≤ 3
	≤ 6
	≤ 8.5
	≤ 3.0

	DFT-s-OFDM 16 QAM
	≤ 7
	≤ 10
	≤ 13.0
	≤ 5.5
	≤ 8.5
	≤ 11.0
	
	≤ 5
	≤ [8]
	≤ 3
	≤ 6
	≤ 8.5
	≤ 3.0

	DFT-s-OFDM 64 QAM
	≤ 7
	≤ 10
	≤ 13.0
	≤ 6
	≤ 8.5
	≤ 11.0
	
	≤ 5
	≤ [8]
	≤ 3
	≤ 6
	≤ 8.5
	

	DFT-s-OFDM 256 QAM
	≤ 7
	≤ 10
	≤ 13.0
	≤ 6
	≤ 8.5
	≤ 11.0
	
	≤ 5
	≤ [8]
	
	≤ 6
	≤ 8.5
	

	CP-OFDM QPSK
	≤ 7
	≤ 10
	≤ 13.0
	≤ 7
	≤ 10
	≤ 12.5
	
	≤ 5
	≤ [8]
	≤ 4
	≤ 7
	≤ 9.5
	≤ 4.0

	CP-OFDM 16 QAM
	≤ 7
	≤ 10
	≤ 13.0
	≤ 7
	≤ 10
	≤ 12.5
	
	≤ 5
	≤ [8]
	≤ 4
	≤ 7
	≤ 9.5
	≤ 4.0

	CP-OFDM 64 QAM
	≤ 7
	≤ 10
	≤ 13.0
	≤ 7
	≤ 10
	≤ 12.5
	
	≤ 5
	≤ [8]
	
	≤ 7
	≤ 9.5
	

	CP-OFDM 256 QAM
	≤ 7
	≤ 10
	≤ 13.0
	≤ 7
	≤ 10
	≤ 12.5
	
	
	≤ [8]
	
	≤ 7
	≤ 9.5
	



Proposal 3: Use table 3 as a starting point for further discussion.

Finally, we would like to encourage discussion on release applicability. The original proposal to introduce PC1.5 to NS_47 was placed in the Rel-16 maintenance section. This contribution follows the approach for consistency. To avoid issues with legacy devices and since Rel-16 is frozen it should be discussed if there are any issues for legacy devices if PC1.5 is introduced.

Observation 2: In general, the introduction of PC1.5 is about adding another feature to a specific release. Since Rel-16 is frozen it needs to be clarified whether there are no issues with legacy devices. 

Proposal 4: With Rel-16 being frozen it should be discussed if there are any issues for legacy devices if PC1.5 is introduced.

4	Conclusions
Following the way forward on Tx requirements [1] this contribution provides A-MPR simulation results and proposals for NS_05 and NS_05U with PC2. The following proposal is made:
Observation 1: Region A3 is governed by C-IM3. With defining PC1.5 the A-MPR would require an additional 3dB compared to PC2. The actual impact of rIMD on C-IM3 is unclear and the effect of rIMD might or might not introduce additional power back-off need.
Proposal 1: Measurements could be conducted to evaluate whether the rIMD creates additional power back-off need or whether 8dB A-MPR would be sufficient for region A3.
Proposal 2: Introduce new A-MPR region to cover certain RBs which require more power back-off than defined by PC1.5 MPR. Decide either for the proposed region 1 or 2.
Proposal 3: Use table 3 as a starting point for further discussion.
Observation 2: In general, the introduction of PC1.5 is about adding another feature to a specific release. Since Rel-16 is frozen it needs to be clarified whether there are no issues with legacy devices. 

Proposal 4: With Rel-16 being frozen it should be discussed if there are any issues for legacy devices if PC1.5 is introduced.
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