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1. Introduction
In R4#101b-e, the TR 38.837 [1] was updated but does not contain the inputs on the TxD MPR studies, in this contribution we provide TP to this end. Note that due to lack of time before deadline, this TP is incomplete, a revision will be provided to the group consideration before the beginning of the meeting.
2. Discussion
2.1 MPR studies for 2Tx operations
The current version of TR 38.837 is not updated for the details on the study of 2Tx TxD PC2 MPR. Although not directly associated with this TR, these MPR studies are also valid for PC2 UL MIMO when transmission occurs on two antennas.
In parallel to this effort to determine MPR for 2Tx PC2 based on TxD and two PC3 PAs, a similar effort was made to establish MPR for PC1.5 for FWA or smartphone form factors which is based on two PC2 PAs architecture and requires TxD. 
Similar assumptions in terms of waveforms to be evaluated, PA calibrations, post PA losses and antenna coupling were used in both studies.
<< Start of TP >>
4.4 Maximum output power reduction
[bookmark: _Toc78447638][bookmark: _Toc87881901]4.4.1	General
[bookmark: _Toc78447639][bookmark: _Toc87881902]4.4.1.1	Agreements
Editor’s note: The final requirements have not been completed yet.
It has been agreed that MPRs for UL-MIMO would need to be re-visited.
For MPR Requirement for Transparent TxD:
· RAN4 agree MPR defined for TxD is applied to the total output power rather than at each antenna connector
For TxD and UL-MIMO, it has been agreed:
· 2 Tx MPR should be the same MPR requirement for TX Diversity and UL MIMO for the same power class.
For eMIMO and ULFPTx related, The agreement reached is as following: 
· “Chair: It is agreed that one set of MPR requirements should be adopted for both UL MIMO (including ULFPTx) and TxD”
WF R4-2105331 is agreed MPR evaluation assumptions, and it is agreed that an evaluation is necessary to further progress the MPR work.
[bookmark: _Toc78447640][bookmark: _Toc87881903]4.4.1.2	Study process
Editor’s note: The discussion process has not been completed yet.
In RAN4#94-e-bis, in the WF R4-2005216, it has been agreed 
· R15 UL MIMO emission requirements shall apply to UE level. 
· Relating MPRs are need to be re-visited.

In RAN4#95-e, a WF R4-2008465 was agreed in which:
Issue 3-3-2: Unwanted emissions for Transparent TxD: MPR study
· Possible WF: 
· Simulation/measurement assumptions for MPR study for 2Tx UE’s
·  Follow 29 dBm WI assumptions in R4-2005190
· Two 20dBm Tx chains are not precluded
· Two 23dBm Tx chains are not precluded
· Two 26dBm Tx chains are precluded
· MPRs are defined for each power class separately
· PC3 = 2x20dBm
· PC2 = 2x23dBm

In RAN4#96-e, the agreed WF R4-2011768 has the following contents:
MPR Requirement for Transparent TxD
· RAN4 agree MPR defined for TxD is applied to the total output power rather than at each antenna connector
In the meantime, for eMIMO WI, the MPR was an remaining issue:
“The Chairmain commented that for PC2 and PC3, MPR issues related to 2TX, including UL-MIMO, uplink full power transmission, and TxD, will be further discussed in TEI16.”

In RAN4#97-e meeting, the transparent TxD was discussed under TEI16 as documented in [R4-2016959] and a WF [R4-2016830] was also agreed.
· MPR for Transparent and UL MIMO 
· Whether 2 Tx MPR should be the same MPR requirement for TX Diversity and UL MIMO for the same power class.
· Agreement
· Option 1: Yes
For eMIMO and ULFPTx related, there is very few maintenance remains and only MPR was discussed. The agreement reached is as following: 
“Chair: It is agreed that one set of MPR requirements should be adopted for both UL MIMO (including ULFPTx) and TxD”

In RAN4#98-e-bis, the MPR was extensively discussed, but no agreements can be reached, but an evaluation is agreed to be started:
· CR related - MPR
· Proposals: 
· Option 1: As in last meeting’s Endorsed CR R4-2107307
· Option 2: Base on the proposals in R4-2104538
· 1.5dB offset for Edge and outer, 0.5dB offset for inner compared to 1Tx
· Option 3: Reconsider separating MPR requirements for UL-MIMO and TxD
· Also consider A-MPR impact in next issue and as in R4-2107283 
· Option 4: Keep the same MPR with 1Tx
· Option 5: Other solution
· Agreements (GTW) : 
· RAN4 to start a evaluation campaign to derive the MPR values for both UL-MIMO and TxD, with agreed evaluation assumptions and UE implementations. Decisions will be made in the May meeting 
Another WF R4-2105331 is MPR evaluation assumptions, it is agreed that an evaluation is necessary to further progress the MPR work, and a detailed assumptions were agreed. The contents were not listed.

In RAN4#99-e, many results and proposals were presented, however, For the MPR, there is no agreement reached and only very wide ranges were proposed. This need to be further discussed.
Although agreements on MPR values were not achieved, some concrete elements were provided in the TxD and PC1.5 threads in terms of:
· Antenna isolation influence and post PA losses
· Type of waveforms to be used to exercise reverse IMD.
In RAN4#99-e, a way forward was agreed which also included GTW agreements for A-MPR and MPR:
Agreement: 
· For PC3, there is no additional work  for A-MPR
· For PC2, 
· UL MIMO AMPR needs to be studied for TxD UE. 
Ran4 can study first in this WI and then what is not finished, in UL MIMO bands WI.

Agreement: MPR applicability for 2-layer UL MIMO and ULFPTx
· 1 and 2-layer UL MIMO share the MPR.

For 2Tx PC2 MPR for two PC2 PAs architectures, the following background was provided:
2Tx one port PC2 MPR requirement has been lacking since R15 for implementations using two PC3 PAs using transparent Tx Diversity (TxD).

Two aspects needed to be evaluated to compare with PC2 1Tx MPR:
· Evaluation of additional MPR due to Reverse IMD contribution due to PA coupling
· Evaluation of additional MPR due to lower linearity of PC3 PAs (30dB ACLR) compared to PC2 PA (31dB ACLR).

Results provided in [1] that form the basis of the MPR table proposal are based on measurements of two coupled PAs with the following assumptions:
· PA calibration: each PC3 PAs are calibrated for 30dB ACLR 1dB MPR for 20MHz QPSK DFT-s-OFDM 100RB0 waveform
· Post PA losses of 4dB
· Antenna Isolation of 10dB.

Measurements include:
· QPSK CP-OFDM and DFT-s-OFDM waveforms for 5/20/50MHz with 15kHz SCS
· 600ns delay SD-CDD waveforms for TxD evaluation
· 90deg phase shifted waveform for 1layer UL MIMO
· Uncorrelated waveforms for 2 layer UL MIMO.

When compared to 1Tx PC2 PA measurements in the same conditions, the following additional back-off are identified:
· Edge allocations can reuse 1Tx PC2 MPR as they are limited by the spectrum shape in relation to BB filtering (WOLA) and are not dominated by PA non-linearity
· Outer allocations need 1dB additional back-off compared to corresponding 1Tx PC2 MPR
· Inner allocation need 1dB additional back-off compared to corresponding 1Tx PC2 MPR.

To meet emissions for higher order modulations, with higher back-off already available, the additional back-off can be reduced until limitation comes from tight EVM budget. For that same reason, CP-OFDM already having higher MPR can have slightly lower additional MPR, then everything is within the 0.5dB granularity.

Beyond this additional MPR needed to meet emissions, additional back-off is also needed for high order modulations cases to compensate for the additional contribution of RIMD and 1dB lower ACLR linearity. Earlier contributions [4] estimated that 256 QAM DFT-s waveforms need 1 dB more MPR and CP-OFDM 2 dB more MPR for Tx diversity UEs. To be consistent, we also suggest that 0.5dB be added for DFT 64QAM and 1dB for CP.
For 2Tx MPR for other power classes and PA architectures additional background was provided. 
There are other cases of 2Tx TxD and UL MIMO requirements for different power classes and PA arrangements. Some of these can already point at existing MPR:
· 2Tx PC3 TxD or UL MIMO based on two PC3 PAs can reuse PC3 1Tx MPR table due to the 3dB margin on each PA and full power capability for transmissions modes on a single antenna
· 2Tx PC2 UL MIMO based on two PC2 PAs can reuse PC2 1Tx MPR table thanks to the 3dB margin on each PA 
· 2Tx PC1.5 MPR table is already available and is intrinsically based on TxD or UL MIMO with 2 PC2 PAs. This MPR values are re-discussed for optimization in Release 17.

One feasible 2Tx PC2 UL MIMO architecture is based on one PC2 PA used for single antenna transmissions and an additional PC3 PA for two antenna transmissions. In this case one of the two PA has intrinsically 3dB margin. Since Emissions are based on the sum of emissions it is quite possible that 1Tx PC2 MPR is applicable to meet emissions. However for EVM, one side will suffer from lower back-off and reverse IMD. Further investigation might be needed to crosscheck the above.

Finally the following way forwards were agreed:
Way Forward for 2Tx PC3 operation: 
· UE declaring PC3 and TxD or UL MIMO with or without ULFPTx support shall meet 1Tx PC3 MPR table
· 2TX TxD or UL MIMO PC3 single CC operation specification can use the same 1Tx MPR as in Table 6.2.2-1 in 38.1010-1.

Way forward on 2Tx PC2 MPR for UEs implementing two PC3 PAs.
Table xxxxx Maximum power reduction (MPR) for 2Tx power class 2 
	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]



Way forward for MPR for 2Tx PC2 ULFPTx MIMO based on at least one PC2 PA:
· 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.

<< Note: due to lack of time before the contribution deadline, this TP is incomplete. A revision will be provided for consideration by the group before the end of the meeting >>
<< End of TP >>
2.2 Additional references
References in the current version of TR 38.837 stop at RAN4#99e, in this TP we add the References that are specific to the MPR studies and specification.

<< Start of TP >>
[bookmark: _Toc93999370]A.2.9	RAN4#99e
· R4-2107616	Reply LS to RAN4 on the capability of transparent TxD (RAN2)  Type: LS in		For: Information 	Original outgoing LS: -, to RAN4, cc RAN1, RAN5
· R4-2107919	Email discussion summary for [99-e][109] NR_TxD	Source: Moderator (Vivo)
· R4-2107740	Way Forward on NR TxD & Power Class	Source: Vivo
· R4-2107981	Way Forward on SRS antenna switching requirements for TxD 	Source: OPPO
· R4-2107782	CR for TS 38.101-1 Tx diversity requirements (Postponed)	Source: Huawei,HiSilicon, vivo, OPPO
· R4-2107781	Correction of general description of EN-DC related power class based on the TxD capability	Source: vivo
· R4-2111009	Evaluation of Reverse IMD versus antenna isolation and its impact to MPR, Skyworks Solutions, Inc. RAN4#99-e
· R4-2111011	MPR evaluation for PC2 transparent Tx diversity	, Skyworks Solutions, Inc. RAN4#99-e
· R4-2111023	PC2 contiguous UL CA using transparent Tx Diversity or UL MIMO,	Skyworks Solutions, Inc. RAN4#99-e
· [bookmark: _GoBack]
A.2.10	RAN4#100e
· R4-2114545	PC2 TxD MPR evaluation and SD-CDD waveform choice, Skyworks Solutions, Inc. RAN4#100-e
· R4-2114753	WF on TxD MPR values, Skyworks Solutions, Inc. RAN4#100-e
· R4-2114556	PC1.5 MPR evaluation for FWA, Skyworks Solutions Inc. RAN4#100-e
· R4-2115103	CR to 38.101-1: Introduction of PC1.5 in Bands n77 and n78, Qualcomm Incorporated, Verizon, LG Electronics, Skyworks Solutions, Inc, CMCC, Huawei, HiSilicon, Samsung, AT&T, RAN4#100-e
A.2.11	RAN4#101e
· R4-2119971 Draft CR on MPR of Tx Diversity (TxD) PC2 for two PC3 PA architecture, LG Electronics, RAN4#101-e
· R4-2119977 Draft CR TS 38.101-1: Move PC1.5 MPR to Clause 6.2G, Huawei, HiSilicon, Qualcomm, RAN4#101-e
A.2.12	RAN4#101b-e
· R4-2202349	Draft CR TS 38.101-1 R17: moving 2Tx MPR to clause 6.2D and amending PC2 2TX MPR, Skyworks, Huawei, HiSilicon, Qualcomm, LG Electronics, RAN4#101b-e
<< End of TP >>
3. Conclusions
In this contribution, we provided TP to TR 38.837 to introduce input to the MPR studies for TxD.
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