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1	Introduction
As part of the Work Item LTE_NR_B41_Bn41_PC29dBm for the 29 dBm Power Class, UL MIMO with two separate 26 dBm transmit chains is envisioned.  For both Power Class 3 (23 dBm total power) and Power Class 2 (26 dBm total power), the MPR allowances for UL MIMO have been reused from single transmitter specifications.  But since there is no single transmitter specification for 29 dBm power, that approach cannot be directly used for Power Class 1.5 UL MIMO.
Reverse intermodulation (R-IMD) between the two transmitters may cause an increase in emissions (ACLR, OOBE) or decrease in transmitted signal quality (EVM) compared to a single transmitter at the same power.  However, with UL MIMO the transmit power is split between two transmitters, so each PA is operating at 3dB lower power than it would otherwise be for the same total output power.
This contribution proposed values for a definition of MPR and NS_04 A-MPR for 29 dBm PC1.5 UL-MIMO.
2	Discussion
[bookmark: _Hlk20400780][bookmark: _Hlk22239522]2.1 Transmit Quality and Emissions Metrics
The use of two 26 dBm Tx chains to support the 29 dBm power class can potentially result in both degradation is quality and increase in spectrum emissions.   The specified metrics of concern are:
· Out of Band Emissions (OOBE)
· Adjacent Channel Leakage Ratio (ACLR)
· Spurious Emissions
· Error Vector Magnitude (EVM)
· In-Band Emissions (IBE)

2.2 MPR and NS_04 A-MPR Definitions for Power Class 2
The presumed mechanism for addressing these concerns is reduction in transmission power allowances, through defined allowances for Maximum Power Reduction (MPR) and/or Additional Maximum Power Reduction (A-MPR). MPR for Power Class 2 is defined in TS38.101-1, Table 6.2.2-2, copied below.  





Table 6.2.2-2 Maximum power reduction (MPR) for power class 2
	Modulation
	MPR (dB)

	
	Edge RB allocations
	Outer RB allocations
	Inner RB allocations

	DFT-s-OFDM 

	Pi/2 BPSK
	≤ 3.5
	≤ 0.5
	0

	
	QPSK
	≤ 3.5
	≤ 1
	0

	
	16 QAM
	≤ 3.5
	≤ 2
	≤ 1

	
	64 QAM
	≤ 3.5
	≤ 2.5

	
	256 QAM
	≤ 4.5

	CP-OFDM 

	QPSK
	≤ 3.5
	≤ 3
	≤ 1.5

	
	16 QAM
	≤ 3.5
	≤ 3
	≤ 2

	
	64 QAM
	≤ 3.5

	
	256 QAM
	≤ 6.5



Notably, the MPR allowance is partitioned into three different set of allocations, Outer, Inner, and Edge, with different MPR allowances in each.  These regions are illustrated conceptually in the triangle diagram below.  In general, we can expect that the backoff allowance for the outer regions is driven by ACLR and OOBE, since these allocations are near the edge of the channel and are large enough that spectral regrowth will reach the ACLR and OOBE regions outside the channel.   Edge allocations are small, thus having high Power Spectral Density, and are located at the edge of the channel.  The Edge allowance may be driven mostly by the innermost region of the OOBE definition ( 0-1 MHz in the SEM) because of regrowth.  Finally, the Inner allocations are far enough from the channel edges that overlap with the OOBE and ACLR is minimized, and/or large enough that the IM3 regrowth power is spread so that OOBE limits (defined as an SEM based on absolute PSDs) are not a concern.
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Observation 1: MPR Outer RB Allocations requirements may be primarily driven by regrowth from the allocation, and the ACLR and OOBE limits.
Observation 2: MPR Edge RB Allocations requirements may be primarily driven by OOBEs in the inner 0-1 MHz range of the SEM.
Observation 3: MPR Inner RB Allocations requirements may be primarily driven by EVM and IBE considerations.

A-MPR for NS_04 is defined in section 6.2.3.2 of TS 28.101-1.   The table of A-MPR backoff allowances is copied below:
Table 6.2.3.2-2: A-MPR' values Access
	Modulation/Waveform
	A-MPR' (dB)

	
	PC3_A1 
	PC3_A2
	PC2_A3
	PC2_A4

	DFT-s-OFDM
	Pi/2-BPSK
	≤ 3.5
	≤ 3.5
	≤ 3.5
	≤ 5.5

	
	QPSK
	≤ 4
	≤ 4
	≤ 4.5
	≤ 6

	
	16 QAM
	≤ 4
	≤ 4
	≤ 5
	≤ 6

	
	64 QAM
	≤ 4
	≤ 4.5
	≤ 5
	≤ 6.5

	
	256 QAM
	≤ 4.5
	≤ 6
	≤ 6.5
	≤ 8

	CP-OFDM
	QPSK
	≤ 5.5
	≤ 5.5
	≤ 6.5
	≤ 7.5

	
	16 QAM
	≤ 5.5
	≤ 5.5
	≤ 6.5
	≤ 7.5

	
	64 QAM
	≤ 5.5
	≤ 5.5
	≤ 6.5
	≤ 7.5

	
	256 QAM
	≤ 6.5
	≤ 8
	≤ 7.5
	≤ 10



The NS_04 A-MPR is intended to address a special -25 dBm/MHz spurious emission limit below the band (below 2490.5 MHz) which can supercede the normal general OOBE SEM mask region allowing -13 dBm/MHz. The A-MPR definition is partitioned into sections, with different A-MPR backoff allowance for the different sections.  The “Regrowth” partition includes allocation near enough to the bottom of the channel, and/or large enough, that spectral regrowth from the allocation can impact the spurious emission region.   The “IMD3” partition is intended to protect against IM3 products between carrier leakage and smaller allocations in the bottom portion of the channel, which can fall into the spurious region.
For Power Class 2, allocations in the Regrowth region have an allowance specified but the PC2_A3 column of the table, and allocations in the “IMD3” partition have an allowance specified by the PC2_A4 column.
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Observation 4: NS_04 A-MPR Allowances for both Regrowth and IMD3 regions are driven by emissions into the Spurious Limit region below Band n41.


2.3 Impacts of UL-MIMO with 2 x 26 dBm Tx Chains
This section will address the specific impact of the use of two separate 2x26 dBm Tx chains, and the R-IMD between them, on the transmit quality and emissions metrics, and thus on the MPR and A-MPR requirements.  In general, because the interferer is using the same frequency resources as the transmitter, the effects of R-IMD are largest within the transmit bandwidth, and in nearby frequencies (within 1 MHz).

Out of Band Emissions
OOBE is defined in terms of a Spectral Emission Mask (SEM) with absolute limits on Power Spectral Density in the frequencies adjacent to the transmit channel.  Since these SEM limits are absolute (e.g. -13 dBm/MHz) the use of two PAs effectively reduces the allowed OOBEs by 3dB for each PA.   Measurements have indicated that 1 dB of additional power backoff may be required to reduce OOBEs by 3dB.
Observation 5: For partitions of MPR and A-MPR driven by OOBEs, 3 dB stricter SEM limits per PA necessitated by use of two PAs may require 1 dB additional backoff.
For the specific case of the OOBE emissions in SEM range of 0-1 MHz outside the channel, R-IMD may also impact the emissions, so an additional 1 dB of allowance may be required.
Observation 6: For partitions of MPR driven by OOBE, R-IMD effects, combined with 3dB stricter SEM limit per PA may require 2 dB of additional backoff.

Adjacent Channel Leakage Ratio
ACLR is the ratio of the channel transmit power to the emission power in the adjacent channels.   Since the adjacent channel power increase of 3dB from 2Tx is matched by a corresponding 3dB increase in the channel power, the additive effect of 2Tx is null.   In addition, the only region of MPR/A-MPR that is likely to be driven by ACLR is the Outer region of MPR, which is also driven by OOBEs.   Measurements have shown that the degradation in ACLR resulting from RIMD is small, so it should be covered by the 1 dB increase in the backoff allowance for OOBE, as described above.
Observation 7: Because ACLR is a ratio based on channel power, and because ACLR regions are also covered by OOBE limits, no ACLR-specific increase in backoff is needed. 

Spurious Emissions Limits
Spurious Emissions Limits are similar to OOBE limits, in that they are defined as an absolute PSD.  The emissions levels are additive between the two Tx chains, so the effective limit per PA is 3 dB lower with 2Tx.  As with OOBEs, measurements have shown that 1 dB of additional backoff may be required to reduce Spurious Emissions limits by 3dB,
Observation 8: For partitions of MPR and A-MPR driven by Spurious Emissions Limits, 3 dB stricter SEM limits per PA necessitated by use of two PAs may require 1 dB additional backoff.

Error Vector Magnitude
Measurements of EVM with 2Tx have shown that EVM specification are met with common biasing schemes, without additional backoff.   In addition, comparing the NR EVM budget with the LTE EVM budget, LTE and NR have the same total EVM requirement, but NR has a stricter requirement on IQ image than LTE (-28 dB vs. -25 dB for power > 10 dBm and frequency > 1 GHz).  The increase in EVM resulting from RIMD is generally smaller than the decrease in EVM from the IQ image. 
Observation 9: For partitions of MPR and A-MPR driven by EVM, no additional backoff is needed because the small additional EVM from RIMD is mitigated by the tighter NR IQ Image requirement.
In addition, it should be noted that EVM is not addressed by common regulatory requirements, and the performance impacts of EVM degradation will manifest as link-level BLER which can be addressed by link adaptation (i.e. use of lower coding schemes by the scheduler).  So the risk of marginal EVM degradations in exchange for the benefits of greater coverage and 2-layer UL may be acceptable to operators.   In addition, actual test measurement of EVM impacts of 2Tx would require radiated testing, which is not envisioned.

In-Band Emissions
Direct measurements of IBE impacts of 2Tx have not been publicly shared.  But as with EVM, the impacts of IBE emissions are, by definition, confined to the channel managed by the BS, and do not impact regulatory compliance.  Negative impacts of degraded IBE would manifest as higher interference for users of other frequency resources in the same channel and TTI, and could be mitigated by link adaptation.  Operators will evaluate the net performance and may find this an acceptable trade-off.   And, as with EVM, conformance test measurements of IBE impacts may be impractical.
Observation 10: For EVM and IBE, conformance testing of R-IMD impacts with 2Tx may be impractical, regulatory compliance is not a factor, and potential negative impacts can be mitigated by existing link adaptation.


2.4 Proposed MPR and NS_04 A-MPR for 29 dBm PC1.5
Summarizing the observations above as they relate to the partitions of the MPR and A-MPR tables gives the table below.
	Partition
	Driving Factor
	Relaxation Indicated

	MPR
	Inner
	EVM and IBE
	0 dB

	
	Outer
	OOBE and ACLR
	1 dB

	
	Edge
	OOBE in 1st 1MHz
	2 dB

	A-MPR
	Regrowth
	Spurious Emissions
	1 dB

	
	IMD3
	Spurious Emissions
	1 dB



Applying the relaxation to create new PC1.5 MPR and A-MPR tables yields the proposed updated tables below.

Table 6.2.2-3 Maximum power reduction (MPR) for power class 1.5
	Modulation
	MPR (dB)

	
	Edge RB allocations
	Outer RB allocations
	Inner RB allocations

	DFT-s-OFDM 
	Pi/2 BPSK
	≤ 3.5 5.5
	≤ 0.5 1.5
	0

	
	QPSK
	≤ 3.5 5.5
	≤ 1 2
	0

	
	16 QAM
	≤ 3.5 5.5
	≤ 2 3
	≤ 1

	
	64 QAM
	≤ 3.5 5.5
	≤ 2.5 3
	≤ 2.5

	
	256 QAM
	≤ 4.5 5.5
	≤ 4.5

	CP-OFDM 
	QPSK
	≤ 3.5 5.5
	≤ 3 4
	≤ 1.5

	
	16 QAM
	≤ 3.5 5.5
	≤ 3 4
	≤ 2

	
	64 QAM
	≤ 3.5 5.5
	≤ 3.5 4
	≤ 3.5

	
	256 QAM
	≤ 6.5



Proposal 1: Use the values from the table above as the MPR allowances for Power Class 1.5 for UL-MIMO

Table 6.2.3.2-2: A-MPR' values Access
	Modulation/Waveform
	A-MPR' (dB)

	
	PC3_A1 
	PC3_A2
	PC2_A3
	PC2_A4
	PC1.5_A5
	PC1.5_A6

	DFT-s-OFDM
	Pi/2-BPSK
	≤ 3.5
	≤ 3.5
	≤ 3.5
	≤ 5.5
	≤ 4.5
	≤ 6.5

	
	QPSK
	≤ 4
	≤ 4
	≤ 4.5
	≤ 6
	≤ 5.5
	≤ 7

	
	16 QAM
	≤ 4
	≤ 4
	≤ 5
	≤ 6
	≤ 6
	≤ 7

	
	64 QAM
	≤ 4
	≤ 4.5
	≤ 5
	≤ 6.5
	≤ 6
	≤ 7.5

	
	256 QAM
	≤ 4.5
	≤ 6
	≤ 6.5
	≤ 8
	≤ 7.5
	≤ 9

	CP-OFDM
	QPSK
	≤ 5.5
	≤ 5.5
	≤ 6.5
	≤ 7.5
	≤ 7.5
	≤ 8.5

	
	16 QAM
	≤ 5.5
	≤ 5.5
	≤ 6.5
	≤ 7.5
	≤ 7.5
	≤ 8.5

	
	64 QAM
	≤ 5.5
	≤ 5.5
	≤ 6.5
	≤ 7.5
	≤ 7.5
	≤ 8.5

	
	256 QAM
	≤ 6.5
	≤ 8
	≤ 7.5
	≤ 10
	≤ 8.5
	≤ 11



Proposal 2: Use the values from the table above as the NS_04 A-MPR allowances for Power Class 1.5 for UL-MIMO

3	Conclusions 
Observation 1: MPR Outer RB Allocations requirements may be primarily driven by regrowth from the allocation, and the ACLR and OOBE limits.
Observation 2: MPR Edge RB Allocations requirements may be primarily driven by OOBEs in the inner 0-1 MHz range of the SEM.
Observation 3: MPR Inner RB Allocations requirements may be primarily driven by EVM and IBE considerations.
Observation 4: NS_04 A-MPR Allowances for both Regrowth and IMD3 regions are driven by emissions into the Spurious Limit region below Band n41.
Observation 5: For partitions of MPR and A-MPR driven by OOBEs, 3 dB stricter SEM limits per PA necessitated by use of two PAs may require 1 dB additional backoff.
Observation 6: For partitions of MPR driven by OOBE, R-IMD effects, combined with 3dB stricter SEM limit per PA may require 2 dB of additional backoff.
Observation 7: Because ACLR is a ratio based on channel power, and because ACLR regions are also covered by OOBE limits, no ACLR-specific increase in backoff is needed. 
Observation 8: For partitions of MPR and A-MPR driven by Spurious Emissions Limits, 3 dB stricter SEM limits per PA necessitated by use of two PAs may require 1 dB additional backoff.
Observation 9: For partitions of MPR and A-MPR driven by EVM, no additional backoff is needed because the small additional EVM from RIMD is mitigated by the tighter NR IQ Image requirement.
Observation 10: For EVM and IBE, conformance testing of R-IMD impacts with 2Tx may be impractical, regulatory compliance is not a factor, and potential negative impacts can be mitigated by existing link adaptation.
Proposal 1: Use the values from the table above as the MPR allowances for Power Class 1.5 for UL-MIMO
Proposal 2: Use the values from the table above as the NS_04 A-MPR allowances for Power Class 1.5 for UL-MIMO
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