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Introduction
In the RAN4#100 e-meeting, contributions were provided in [1, 2] for MPR evaluations covering TxD with two 23dBm PAs and PC1.5 with two 26dBm PAs which resulted in WF [3] for TxD and CR [4] for PC1.5. In this contribution, we discuss how the specification should handle 2Tx MPR tables which are applicable to both TxD and UL MIMO and provide further input to MPR for other PA architectures and the related signaling aspects as agreed in [3].
[bookmark: _GoBack]Discussion
Architectures and signaling aspects to be studied
Based on WF [2], a number of architectures shall be evaluated for MPR and related signaling assessed.
Way forward:
· Further study if PC2 + PC3 architecture can reuse 1Tx PC2 MPR
· Architecture using two PC2 PA can reuse 1Tx PC2 MPR similarly to the agreement for PC3
· It is further studied if an improved MPR can be based on the PC1.5MPR since it correspond to the same PA configuration and emission requirements (ACLR/SEM/EVM) with only a 3dB difference in the reference power for MPR
· Rel-17 Signaling to differentiate sets of PC2 MPR requirements for different PA configurations can be further studied in phase 2

In this contribution we treat several aspects of the above way forward in [3], notably the MPR that is applicable to a 26+23dBm and a 26+26dBm 1CC 2Tx architecture. The MPR aspects for 2CC 2Tx architectures are treated in different papers [5, 6] but signaling aspects treated in this contribution applies to both single CC and UL CA cases.
Management of 2Tx MPR requirements in 38.101-1
In RAN4#100e meeting, both 2Tx PC2 and improved PC1.5 MPR were agreed based on [3] and implemented in CR [4], but the MPR tables were placed in different sections: PC2 2Tx in section G dedicated to TxD (and duplicate PC1.5 MPR table removed), while PC1.5 (based on 2Tx) tables are in the general section. However, all 2Tx MPR tables apply equally to TxD and UL MIMO and there is no strong reason to place them in the TxD section versus the UL MIMO section and they even could remain in the general section since the tables mention 2Tx.
Observation: 2Tx MPR tables apply to both TxD and UL MIMO.
Keeping the 2Tx MPR tables in the general section has the advantage of an easy comparison between the different power classes, and 1Tx and 2Tx cases and the different PA architectures. Then the UL MIMO and TxD sections can easily reference the corresponding tables.
Independently from the development of 2Tx MPR tables for architectures based on 26+23dBm or 26+26dBm PAs, there is still an ambiguity on which MPR table applies for single Tx transmissions depending on the PA architecture:
· For 23+23dBm PA architecture full UL power can only be achieved with TxD: Table 6.2G.2-1 applies for both 1Tx and 2Tx transmissions
· For 26+23 or 26+26dBm architecture Full UL power can be achieved using a single PA: Table 6.2.2-2 should apply for 1Tx transmissions.

Proposal on 2Tx MPR: 2Tx MPR tables should be placed in the general section 6.2.2 in 38.101-1 and the TxD and UL MIMO section point to these tables. Table 6.2G.2-1 should be moved to general section under Table 6.2.2-3
Proposal on MPR tables title: The title or notes should refer to the PA architecture for which it is applicable to in 2Tx modes (preferred) like for “with two PC2 capable PAs”
· Alternatively, a Note clarifies the UE capabilities it applies to (assuming all the signaling is available to distinguish the different cases).
PC2 2Tx 26dBm+26dBm MPR based on PC1.5 MPR
The PC1.5 MPR table is based on two 26dBm PAs and it should be noted that the same SEM and ACLR requirement applies to PC2. It is thus possible to deduct 2Tx PC2 MPR for smartphone application of two 26dBm PA from the PC1.5 MPR Table 6.2.2-4 which is provided in the annex of this document. 
Furthermore, at the 26dBm maximum power, each PA already benefit from 3dB power back-off thus the MPR is 3dB lower. In the case where the PC1.5 MPR is less than 3dB, power boosting could also apply but as a first step, the MPR can be set as zero. This would correspond to the following Table 1.
Table 1: Maximum power reduction (MPR) for power class 2 dual Tx with two PC2 capable PAs
	Modulation
	MPR (dB)

	
	Edge RB allocations
	Outer RB allocations
	Inner RB allocations

	DFT-s-OFDM
	Pi/2 BPSK
	≤ 3
	≤ 0
	≤ 0

	
	QPSK
	≤ 3.5
	≤ 0
	≤ 0

	
	16 QAM
	≤ 3.5
	≤ 0.5
	≤ 0

	
	64 QAM
	≤ 3.5
	≤ 1
	≤ 0.5

	
	256 QAM
	≤ 3.5
	≤ 3.5
	≤ 3.5

	CP-OFDM
	QPSK
	≤ 3.5
	≤ 1.5
	≤ 0

	
	16 QAM
	≤3.5
	≤ 1.5
	≤ 0

	
	64 QAM
	≤ 3.5
	≤ 2
	≤ 1.5

	
	256 QAM
	≤ 5.5
	≤ 5.5
	≤ 5.5



It is important to support this case since there are already cases where two PC2 PAs are supported in the same band for intra-band UL ENDC or NR UL CA, but where PC1.5 cannot be supported due to other limitations like the peak current in the battery or PA power management or thermal aspects.
Observation: 2Tx PC2 operation using two 26dBm PA is an important use case for UEs already implementing two 26dBm PAs for intra-band ENDC or UL CA but that are not able to support PC1.5 due to thermal or power management aspects.
In order to implement this option in the specification with limited additional complexity, this can be done with a simple equation:
PC2 2Tx for two 26dBm PA = Max (0, Smartphone PC1.5 MPR -3)
However, the current signaling only supports TxD or UL MIMO with/without Full UL power capability and thus cannot distinguish between a 26+23dBm architecture that needs some swap time for PC2 1stream antenna swap states and a 26+26dBm architecture that does not need any swap interruption.
Proposal on MPR for 2Tx PC2 with two 26dBm PAs: Following MPR equation is proposed for 26+26dBm architecture and restricted to the smartphone use case (10dB antenna isolation): MPR[dB]= Max (0, Table 6.2.2-4 MPR -3dB). For single Tx operation Table 6.2.2-2 MPR applies.
Additional measurements for PC2 2Tx 26dBm+23dBm case
Since this has been proposed as a possible architecture to support UL MIMO with full UL power capability that has interruptions for one stream UL MIMO antenna swap cases, we took the time to assess the MPR via measurements and comparison to the MPR table for 1Tx PC2. For this, the same waveforms that have been used for the determination of 23+23dBm architecture smartphone MPR (10dB antenna isolation) in [1] or PC1.5 MPR in [2] were used to measure a 26+23dBm case. 
The measurements used 3 types of 2Tx modes at two frequencies and the worst case is reported:
· TxD waveforms with SD-CDD (600ns delay at 15kHz SCS)
· 1 stream UL MIMO waveform with 90 degree phase shift
· 2 stream UL MIMO waveforms with uncorrelated streams
In Table 2 we directly provide the maximum achievable power or margin at max power for the limiting criteria (ACLR or SEM) for different 2Tx PC2 architectures and the reference 1Tx PC2 case, with following nomenclature:
· Waveform: Inner, outer and edge waveforms were measured for CP-OFDM (top rows of the table) and DFT-s-OFDM (bottom rows of the table) QPSK at two frequencies and 5, 20 and 50 MHz channel bandwidths for 15kHz SCS
· Limiting factors:
· ACLR 31: 31 dB ACLR limit
· S1M: first OOB MHz SEM limit
· S-10: -10dBm/MHz SEM limit
· S-13: -13dBm/MHz SEM limit 
Observations:
· As discussed in RAN4#100, edge allocations have similar performance for 1Tx or 2Tx as the limitation is linked to the waveform filtering rather than the PA linearity. Except for the 26+26dBm case where the two PAs already benefit from an intrinsic 3dB back-off.
· Confirming the analysis in 2.3, the PC2 2Tx 26+26dBm case always achieves higher power capability than 26dBm, including for our edge allocation measurement which benefit from good waveform filtering. However, to account for designs with less filtering, the 1Tx PC2 edge MPR can be applied.
· The PC2 2Tx 26+23dBm always achieve the same or higher power capability or margin than 1Tx PC2. This means that the 26dBm PA intrinsic 3dB back-off allows compensating for the lower linearity of the 23dBm PA and the RIMD contribution.
· As discussed in [1] the 2Tx PC2 23+23dBm case requires additional MPR compared to 1Tx PC2 case to compensate for the lower 23dBm PA linearity and the additional contribution of RIMD.
Table 2: Measured maximum output power or margin for different PC2 architectures for CP-OFDM and DFT-s-OFDM
	WF
	BW [MHz]
	5
	20
	50

	
	type
	edge
	inner
	inner
	outer
	edge
	inner
	inner
	outer
	inner
	outer

	CP-
OFDM
	LCRB
	1
	1
	12
	25
	1
	1
	53
	106
	135
	270

	
	RBstart
	0
	0
	6
	0
	0
	0
	26
	0
	0
	0

	1Tx
PC2
	Limiting factor
	S1M
	S-10
	S1M
	ACLR31
	S-13
	S-13
	S-10
	ACLR31
	ACLR31
	ACLR31

	
	WC power [dBm] or margin [dB]
	-0.3
	-2
	-2.2
	23
	-1.8
	-1.3
	-2.1
	23
	23.5
	23.1

	2Tx
23+23
	Limiting factor
	S1M
	S-10
	S1M
	S-10
	S-13
	S-13
	S-10
	ACLR31
	ACLR31
	ACLR31

	
	WC power [dBm] or margin [dB]
	-0.5
	-3
	-1.4
	22.6
	-1.7
	-1
	-1.8
	22.7
	23.2
	22.8

	2Tx
26+23
	Limiting factor
	S1M
	S-10
	S1M
	ACLR31
	S-13
	S-13
	ACLR31
	ACLR31
	ACLR31
	ACLR31

	
	WC power [dBm] or margin [dB]
	-1.1
	-3
	-5.5
	23.7
	-3.5
	-2.7
	-3
	23.2
	23.7
	23.6

	2Tx
26+26
	Limiting factor
	S1M
	S-10
	S1M
	S-10
	S-13
	S-13
	S-10
	ACLR31
	ACLR31
	ACLR31

	
	WC power [dBm] or margin [dB] at 29dBm
	27.2
	28.7
	28.9
	25.8
	28.7
	28.5
	28.7
	26.2
	26.4
	26.2

	DFT-s-
OFDM
	LCRB
	1
	1
	12
	25
	1
	1
	50
	100
	135
	270

	
	RBstart
	0
	0
	6
	0
	0
	0
	26
	0
	0
	0

	1Tx
PC2
	Limiting factor
	S1M
	S-10
	S1M
	ACLR31
	S-13
	S-13
	S-10
	ACLR31
	ACLR31
	ACLR31

	
	WC power [dBm] or margin [dB]
	-0.2
	-4.4
	-6.2
	25.1
	-3.2
	-3.8
	-4.8
	25
	25.2
	25

	2Tx
23+23
	Limiting factor
	S1M
	S-10
	S1M
	ACLR31
	S-13
	S-13
	S-10
	ACLR31
	ACLR31
	ACLR31

	
	WC power [dBm] or margin [dB]
	-0.2
	-3.5
	-5.5
	24.7
	-3.1
	-3.5
	-4
	24.8
	24.8
	24.7

	2Tx
26+23
	Limiting factor
	S1M
	S-10
	S1M
	ACLR31
	S-13
	S-13
	S-10
	ACLR31
	ACLR31
	ACLR31

	
	WC power [dBm] or margin [dB]
	-0.8
	-5.2
	-9
	25.3
	-5.4
	-3.5
	-5.2
	25.3
	25.4
	25.3

	2Tx
26+26
	Limiting factor
	S1M
	S-10
	S1M
	S-10
	S-13
	S-13
	S-10
	ACLR31
	ACLR31
	ACLR31

	
	WC power [dBm] or margin [dB] at 29dBm
	27
	-1.7
	-3.5
	27.3
	-0.5
	-1
	-1.8
	28.1
	28.3
	28.1



Based on the above observations, the 26+23dBm architecture can reuse the 1TX MPR requirement in both 1Tx and 2Tx operation.
Table 3: Maximum power reduction (MPR) for power class 2 dual Tx with one PC2 capable PA
	Modulation
	MPR (dB)

	
	Edge RB allocations
	Outer RB allocations
	Inner RB allocations

	DFT-s-OFDM
	Pi/2 BPSK
	≤ 3
	≤ 0
	≤ 0

	
	QPSK
	≤ 3.5
	≤ 0
	≤ 0

	
	16 QAM
	≤ 3.5
	≤ 0.5
	≤ 0

	
	64 QAM
	≤ 3.5
	≤ 1
	≤ 0.5

	
	256 QAM
	≤ 3.5
	≤ 3.5
	≤ 3.5

	CP-OFDM
	QPSK
	≤ 3.5
	≤ 1.5
	≤ 0

	
	16 QAM
	≤3.5
	≤ 1.5
	≤ 0

	
	64 QAM
	≤ 3.5
	≤ 2
	≤ 1.5

	
	256 QAM
	≤ 5.5
	≤ 5.5
	≤ 5.5



Proposal on MPR for 2Tx PC2 with one 26dBm PA: 26+23dBm architecture shall fulfil the 1Tx PC2 MPR Table 6.2.2-2 in 38.101 for both single and dual Tx operation.
Signaling aspect for the different cases
In Table 3 we summarize all the MPR cases already specified and those discussed as part of R17 for 1/2TX and 1CC/2CC and underlying architecture assumptions with the following nomenclature:
· Number of CC: single (1), intra-band contiguous UL CA (2C), intra-band non-contiguous UL CA (2NC)
· Swap: need capability to swap the 26dBm PA to each antenna to support equal PSD for different allocation bandwidth in each CC for UL CA.
· PA calibration for MPR (PAx Cal Power[dBm]/ACLR) provide the target output power for the ACLR level for 20MHz QPSK DFT-s-OFDM 100RB0 waveform

Table 4 focusses on 2Tx cases and discusses the related signaling aspects and points at the applicable MPR requirement in 38.101-1 in both 1Tx and 2Tx modes and that are provided in the annex of this contribution for convenience. For the UL CA 2Tx MPR, the measurements and MPR proposals can be found in the contributions [5, 6] submitted in this meeting.

Table 3: possible architectures for 1Tx/2Tx and 1CC/2CC MPR cases
	Feature
	Architecture
	Assumptions for MPR
	MPR Specification aspects

	PC
	Nb
CC
	Nb
Tx
	Nb
PA
	Nb
LO
	PA
PWR
[dBm]
	Swap
	PA1 Cal Pwr[dBm]
/ACLR[dB]
	PA1
BW
[MHz]
	Cal Pwr[dBm]
/ACLR[dB]
	PA1
BW
[MHz]
	Ant
Iso
[dB]
	Release
or meeting
	comment

	5
	1
	1
	1
	1
	20
	na
	19/27
	100
	na
	na
	na
	R16
	NRU only

	3
	1
	1
	1
	1
	23
	na
	22/30
	100
	na
	na
	na
	R15
	baseline for MPR

	2
	1
	1
	1
	1
	26
	na
	25/31
	100
	na
	na
	na
	R15
	Edge allocation added

	1.5
	1
	2
	2
	1
	26+26
	na
	25/31
	100
	25/31
	100
	10
	R16/17
	Improved in R4#100. needs TxD

	1.5
	1
	2
	2
	1
	26+26
	na
	25/31
	100
	25/31
	100
	20
	R4#100
	Improved MPR for FWA with modified MPR

	3
	1
	2
	2
	1
	23+23
	na
	22/30
	100
	22/30
	100
	10
	R4#100
	reuses PC3 1Tx MPR

	2
	1
	2
	2
	1
	23+23
	na
	22/30
	100
	22/30
	100
	10
	R4#100
	additional MPR vs PC2 1Tx (lower linearity and RIMD)

	2
	1
	2
	2
	1
	26+23
	na
	25/31
	100
	22/30
	100
	10
	R17
	should reuse 1Tx PC2 MPR

	2
	1
	2
	2
	1
	26+26
	na
	25/31
	100
	25/31
	100
	10
	R17
	Should use Max(0,PC1.5MPR-3)

	3
	2C
	1
	1
	1
	23
	na
	25/31
	200
	na
	na
	na
	R16
	Baseline

	3
	2C
	1
	2
	2
	23+23
	na
	22/30
	200
	22/30
	200
	10
	R16
	for BW limited PA for CA class C

	3
	2NC
	1
	2
	2
	23+23
	na
	25/31
	100
	25/31
	100
	10
	R16
	Baseline. any CC separation or power/CC

	2
	2C
	1
	1
	1
	26
	no
	25/31
	200
	na
	na
	na
	R4#99
	Baseline

	2
	2C
	1
	2
	2
	26+26
	no
	25/31
	100
	25/31
	100
	10
	R4#99
	for BW limited PA for CA class C

	2
	2C
	2
	2
	1
	23+23
	no
	22/30
	200
	22/30
	200
	10
	R17
	needed single CC MPR first

	2
	2C
	2
	2
	1
	26+26
	no
	25/31
	200
	25/31
	200
	10
	R17
	should reuse 1Tx 2CC PC2 MPR

	5
	2C
	1
	1
	1
	20
	na
	19/27
	100
	na
	na
	na
	R17
	NRU only

	2
	2NC
	1
	2
	2
	26+26
	no
	25/31
	100
	25/31
	100
	10
	R4#100
	Baseline

	2
	2NC
	1
	2
	2
	26+23
	yes
	25/31
	100
	22/30
	100
	10
	R4#100
	Swap is needed. agreed to use same MPR than 26+26 case

	2
	2NC
	1
	1
	1
	26
	no
	25/31
	200
	na
	na
	na
	R17
	≤ 200MHz total BW and gap ≤ Aggregated BW. No exceptions. Higher MPR than Baseline

	2
	2NC
	2
	2
	1
	23+23
	no
	22/30
	200
	22/30
	200
	10
	R17
	≤ 200MHz total BW and gap ≤ Aggregated BW. No exceptions. Higher MPR than Baseline

	2
	2NC
	2
	2
	1
	26+26
	no
	25/31
	200
	25/31
	200
	10
	R17
	≤ 200MHz total BW and gap ≤ Aggregated BW. No exceptions. Higher MPR than Baseline


Table 4: possible architectures for 1Tx/2Tx and 1CC/2CC MPR cases
	Feature
	Architecture
	Signaling aspects
	MPR table

	PC
	Nb
CC
	Nb
Tx
	Nb
PA
	Nb
LO
	PA
setup
	comment
	1Tx
mode
	2Tx
mode

	1.5
	1
	2
	2
	1
	26+26
	needs TxD for 1Tx transmission but intrinsic to signaling support for PC1.5. UL MIMO with Full UL can be supported
	6.2.2-4

	1.5
	1
	2
	2
	1
	26+26
	Uses modified MPR to signal better MPR for FWA
	6.2.2-4a

	3
	1
	2
	2
	1
	23+23
	TxD not needed to support UL MIMO with Full UL power (but could).
	6.2.2-2

	2
	1
	2
	2
	1
	23+23
	TxD needed to support UL MIMO with Full UL power
	6.2G.2-1 -> 6.2.2-3

	2
	1
	2
	2
	1
	26+23
	TxD not needed to support UL MIMO with Full UL power (but could). Can’t distinguish from 26+26 case 
	6.2.2-2

	2
	1
	2
	2
	1
	26+26
	TxD not needed to support UL MIMO with Full UL power (but could). Can’t distinguish from 26+23 case 
	6.2.2-2
	Max(0, 6.2.2-4 -3dB)

	3
	2C
	1
	1
	1
	23
	Baseline
	6.2A.2.1-1 and 6.2A.2.1-2
	na

	3
	2C
	1
	2
	2
	23+23
	Needs to signal Dual PA for Class C UL CA
	
	

	2
	2C
	1
	1
	1
	26
	Baseline
	6.2A.2.1-1a and 6.2A.2.1-2a
	Possible for class B

	2
	2C
	1
	2
	2
	26+26
	Needs to signal Dual PA for Class C UL CA
	
	

	2
	2C
	2
	2
	1
	23+23
	needs TxD for 1Tx transmission. 
	Delta MPR vs 6.2A.2.1-1a and 6.2A.2.1-2a

	2
	2C
	2
	2
	1
	26+26
	TxD not needed for UL MIMO with Full UL power (but could)
	6.2A.2.1-1a and 6.2A.2.1-2a

	2
	2NC
	2
	2
	1
	23+23
	needs TxD for 1Tx transmission. 
	Delta MPR vs 1Tx

	2
	2NC
	2
	2
	1
	26+26
	TxD not needed for UL MIMO with Full UL power (but could)
	PC2 1Tx MPR
	Delta MPR vs 1Tx



As can be seen from Table 3, there are a large number of architecture cases that need MPR requirements in Release 17, but it may not be as complex as it seems as some cases can reference existing MPR requirements as it is shown in Table 4:
· In general for 1CC PC2 2Tx cases, only the 23+23dBm cases requires new MPR values while the 26+23dBm and 26+26dBm can reuse existing MPR tables with equations.
· For 2CC PC2 2Tx cases, the MPR values are still to be agreed but in order to limit the complexity of the requirement, it is anticipated that a simple delta MPR could apply with a value that may depend on the allocation type.

Nevertheless, beyond determining how to reuse existing requirements, there is a need to understand if new signaling is needed to distinguish the different cases:
· A first case which is not related to 2Tx is how to distinguish the PC3 and PC2 intra-band contiguous cases which are supported with 2PA+2LO versus the 1PA+1LO case which is easily done with the DualPA signaling. It should be note that DualPA relates to the case where two PA are used such that each PA covers one CC, it is not related to 2Tx features.
· The second case is for the different PC2 2Tx 1CC architectures:
· For 23+23dBm it should be feasible to distinguish this case with the current signaling as it must declare TxD support to enable UL MIMO with full UL power capability
· For 26+23dBm and 26+26dBm, although they could be distinguished from the 23+23dBm case as they do not require TxD to support Full UL power, it is not precluded either if the UE can determine that TxD might provide better link performance than a single PC2 Tx. There are two issues to be solved:
· How to separate the 26+23dBm and 26+26dBm cases
· How to separate the cases with at least one 26dBm PA from the 23+23dBm case if it is allowed to declare TxD support on top
· The third case is for the different PC2 2Tx 1CC architectures:
· For 23+23dBm it should be feasible to distinguish this case with the current signaling as it must declare TxD support to enable UL MIMO with full UL power capability
· For the 26+26dBm, although it could be distinguished from the 23+23dBm case as they do not require TxD to support Full UL power, it is not precluded either if the UE can determine that TxD might provide better link performance than a single PC2 Tx. In this particular case, we are not convinced that TxD support is a must thus there is two alternatives:
· TxD support is only associated with the 23+23dBm case and thus the existing signaling is sufficient
· TxD support is enabled for both architectures and a similar solution than for 1CC is needed.

Observation: 
Additional signaling is needed to distinguish:
· The three PC2 2Tx 1CC cases (23+23, 26+23 and 26+26dBm) if all architectures are allowed to signal TxD support
· The two PC2 2Tx 2CC cases (23+23 and 26+26dBm) if both are allowed to signal TxD support

For both 1CC and 2CC cases, if TxD signaling is allowed only to the case where there is no full power PA, then Full UL power signaling could be reserved to the cases with at least one full power PA and since TxD provides the same information for the 23+23dBm case. In this case there is only the 1CC 26+23dBm and 26+26dBm cases to be separated and like for PC1.5 using the modified MPR signaling can be used. Note that this approach can also apply to 2CC cases if further architecture cases are devised.

Alternatively, if TxD is allowed for all PA architecture cases, then more modified MPR bits can be used to distinguish the three 1CC cases or the two 2CC cases.

Proposal on 2Tx signaling based on PC1.5 use of modified MPR bits
· Alternative 1 (preferred): TxD is only allowed for the 1CC and 2CC cases where there is no full power PA available and it is the only way to achieve full UL power. Full UL power capability is only declared for the architectures with at least one full power PA available. The one versus two full power PA cases are sorted by using modified MPR bit for the 26+26dBm case like for PC1.5 FWA case.
· Alternative 2 (more complex but future proof): TxD signaling is allowed for all 1Cc and two CC architectures and modified MPR bits are used for the cases with at least one full power PA:
· Two modified MPR values are needed for 1CC 26+23dBm and 26+26dBm cases
· One modified MPR value is needed for 2CC 26+26dBm case
· An LS is sent to Ran2 to inform them on RAN4 agreements on 2Tx architecture signaling
· 38.101-1 1Cc and 2CC 2Tx MPR requirements are clarified with how the exact TxD, full UL power and modified MPR signaling maps to the 1Tx and 2Tx MPR tables/equations/values.
Conclusions
In this contribution, we provided our input on how to handle the different 2Tx MPR requirements in 38.101-1 and made he following proposal.

Proposal on 2Tx MPR: 2Tx MPR tables should be placed in the general section 6.2.2 in 38.101-1 and the TxD and UL MIMO section point to these tables. Table 6.2G.2-1 should be moved to general section under Table 6.2.2-3
Proposal on MPR tables title: The title or notes should refer to the PA architecture for which it is applicable to in 2Tx modes (preferred) like for “with two PC2 capable PAs”
· Alternatively, a Note clarifies the UE capabilities it applies to (assuming all the signaling is available to distinguish the different cases).

We also provide analysis and measurement results for 2Tx PC2 1CC architectures that do not require the use of TxD to support full UL power with the following MPR proposals.

Proposal on MPR for 2Tx PC2 with two 26dBm PAs: Following MPR equation is proposed for 26+26dBm architecture and restricted to the smartphone use case (10dB antenna isolation): MPR[dB]= Max (0, Table 6.2.2-4 MPR -3dB). For single Tx operation Table 6.2.2-2 MPR applies.

Proposal on MPR for 2Tx PC2 with one 26dBm PA: 26+23dBm architecture shall fulfil the 1Tx PC2 MPR Table 6.2.2-2 in 38.101 for both single and dual Tx operation.

Finally we provided alternatives on signaling options to distinguish different PA architecture capabilities for both 1CC and 2CC PC2 2Tx cases.

Proposal on 2Tx signaling based on PC1.5 use of modified MPR bits
· Alternative 1 (preferred): TxD is only allowed for the 1CC and 2CC cases where there is no full power PA available and it is the only way to achieve full UL power. Full UL power capability is only declared for the architectures with at least one full power PA available. The one versus two full power PA cases are sorted by using modified MPR bit for the 26+26dBm case like for PC1.5 FWA case.
· Alternative 2 (more complex but future proof): TxD signaling is allowed for all 1Cc and two CC architectures and modified MPR bits are used for the cases with at least one full power PA:
· Two modified MPR values are needed for 1CC 26+23dBm and 26+26dBm cases
· One modified MPR value is needed for 2CC 26+26dBm case
· An LS is sent to Ran2 to inform them on RAN4 agreements on 2Tx architecture signaling
· 38.101-1 1Cc and 2CC 2Tx MPR requirements are clarified with how the exact TxD, full UL power and modified MPR signaling maps to the 1Tx and 2Tx MPR tables/equations/values.
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Annex: current PC2/PC1.5 MPR tables for Reference
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



Table 6.2.2-4 Maximum power reduction (MPR) for power class 1.5 with dual Tx
	Modulation
	MPR (dB)

	
	Edge RB allocations
	Outer RB allocations
	Inner RB allocations

	DFT-s-OFDM
	Pi/2 BPSK
	≤ 6
	≤ [2]
	≤ 0.5

	
	QPSK
	≤ 6.5
	≤ [2.5]
	≤ 0.5

	
	16 QAM
	≤ 6.5
	≤ [3.5]
	≤ 1.5

	
	64 QAM
	≤ 6.5
	≤ [4]
	≤ 3.5

	
	256 QAM
	≤ 6.5
	≤ 6.5
	≤ [6.5]

	CP-OFDM
	QPSK
	≤ 6.5
	≤ [4.5]
	≤ 2

	
	16 QAM
	≤ 6.5
	≤ [4.5]
	≤ 2.5

	
	64 QAM
	≤ 6.5
	≤ [5]
	≤ 4.5

	
	256 QAM
	≤ 8.5
	≤ 8.5
	≤ [8.5]



Table 6.2.2-4a Maximum power reduction (MPR) for power class 1.5 with dual Tx 
	Modulation
	MPR (dB)

	
	Edge RB allocations
	Outer RB allocations
	Inner RB allocations

	DFT-s-OFDM
	Pi/2 BPSK
	≤ 6
	≤ 1.5
	≤ 0

	
	QPSK
	≤ 6.5
	≤ 2
	≤ 0

	
	16 QAM
	≤ 6.5
	≤ 3
	≤ 1

	
	64 QAM
	≤ 6.5
	≤ 3.5
	≤ 3

	
	256 QAM
	≤ 6.5
	≤ 5.5
	≤ 5.5

	CP-OFDM
	QPSK
	≤ 6.5
	≤ 4
	≤ 1.5

	
	16 QAM
	≤ 6.5
	≤ 4
	≤ 2

	
	64 QAM
	≤ 6.5
	≤ 4.5
	≤ 4

	
	256 QAM
	≤ 7.5
	≤ 7.5
	≤ 7.5

	NOTE 1:	This table is targeted to large FWA form factor with 20 dB or above antenna isolation.



Table 6.2G.2-1 Maximum power reduction (MPR) for power class 2 with dual Tx
	Modulation
	MPR (dB)

	
	Edge RB allocations
	Outer RB allocations
	Inner RB allocations

	DFT-s-OFDM 
	Pi/2 BPSK
	[≤ 3.5]
	[≤ 1]
	[0]

	
	QPSK
	[≤ 3.5]
	[≤ 2]
	[0.5]

	
	16 QAM
	[≤ 3.5]
	[≤ 2.5]
	[≤ 1.5]

	
	64 QAM
	[≤ 3.5]
	[≤ 3]

	
	256 QAM
	[≤ 5.5]

	CP-OFDM 
	QPSK
	[≤ 3.5]
	[≤ 3.5]
	[≤ 2]

	
	16 QAM
	[≤ 3.5]
	[≤ 3.5]
	[≤ 2.5]

	
	64 QAM
	[≤ 4.5]

	
	256 QAM
	[≤ 8.5]




3GPP
