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Introduction
At RAN4#103-e proposals on requirements for MPR when a UE falls back from PC1.5 to PC2 were discussed, but no consensus was reached [1]. R4-2209308 proposed that a UE use modified MPR behavior to indicate if it would use 1 Tx or 2 Tx when falling back from PC1.5 to PC2 [2]. In this contribution we explain why a UE that declares PC1.5 for a band shall be able to meet the single Tx MPR defined in 6.2.2 of 38.101-1 regardless of whether it uses 1 Tx or 2 Tx when it falls back from PC1.5 to PC2. It also corrects the MPR requirement for PC2 UL MIMO.   

Discussion
For PC3, the MPR for UL MIMO (dual transmit) is specified in table 6.2.2-1. The same MPR is applied for PC3 single Tx and PC3 dual Tx because there is no MPR relaxation required because there is enough margin when each of the PAs are backed off by 3 dB.
[bookmark: _Hlk111023069]Observation 1: There is no MPR relaxation allowed for PC3 MPR for UL MIMO.
In LTE there was no MPR relaxation allowed for PC2 UL MIMO because the assumption was that there were two 26 dBm PAs, each backed off by 3dB.
Observation 2: In LTE there was no MPR relaxation for PC2 UL MIMO. 
For PC2, a UE that indicates ul-FullPwrMode-r16 or ul-FullPwrMode2-TPMIGroup-r16 for a band shall meet the maximum output power requirement with MPR according to clause 6.2.2. This is because the UE has one or two 26 dBm PAs so it does not require additional backoff and can meet the PC2 MPR with single or dual Tx. 
Observation 3: A UE that indicates ul-FullPwrMode-r16 or ul-FullPwrMode2-TPMIGroup-r16 for a band shall meet the MRP requirements in 6.2.2. 
The purpose of the relaxed MPR in 6.2D.2 is not to allow for relaxed MPR for all PC2 implementations, but only for certain architectures. For UEs that do not declare ul-FullPwrMode-r16 or ul-FullPwrMode2-TPMIGroup-r16 for a band, the allowed MPR is specified in Table 6.2D.2-1 when TxD is indicated and Table 6.2.2-2 when TxD is not indicated for PC2.
Observation 4: The relaxed MPR for PC2 is allowed when a UE indicates TxD for PC2 and does not indicate ul-FullPwrMode-r16 or ul-FullPwrMode2-TPMIGroup-r16 for PC2. 
Currently in 38.101-1 6.2D.2, when a UE indicates PC2 and UL MIMO for a band, the relaxed MPR requirements in 6.2D.2 apply regardless of whether TxD is indicated or not indicated. 
Observation 5: Currently in 38.101-1 6.2D.2, when a UE indicates PC2 and UL MIMO for a band, the relaxed MPR requirements in 6.2D.2 apply regardless of whether TxD is indicated or not indicated.
A UE that indicates support for PC2 UL MIMO and not TxD will have to meet the MPR requirements in 6.2.2-2 for single Tx, and should also be able to meet the MPR requirements in 6.2.2-2 when backing off at least one PA for PC2 UL MIMO.
Observation 6: A UE that indicates support for PC2 UL MIMO and not TxD will have to meet the MPR requirements in 6.2.2-2 for single Tx, and should also be able to meet the MPR requirements in 6.2.2-2 when backing one or both PA by 3 dB for PC2 UL MIMO.
We believe that based on Observation 1 and Observation 2, there is no need to relax MPR for PC2 UL MIMO unless the UE also indicates TxD for the band. 
Proposal 1: When a UE indicates PC2 and UL MIMO for a band and TxD, the MPR requirements in 6.2D.2-1 apply for UL MIMO operation, but if the UE indicates PC2 and UL MIMO for a band and not TxD, the requirements in 6.2.2-2 apply for UL MIMO operation. 
When we talk about falling back from PC1.5 to PC2, it is for when a UE drops down from PC1.5 to PC2 because its supported PC1.5 duty cycle is exceeded, or because P-max is set to 26 dBm. 
Since currently MPR is only defined for dual Tx for PC1.5, it can be assumed that a UE with PC1.5 has two 26 dBm PAs. If the UE falls back from PC1.5 to PC2 using single Tx, the UE should be able to meet the MPR in 6.2.2 because it will be using a PC2 PA. If the UE falls back from PC1.5 to PC2 with dual Tx, it will have two 26 dBm PAs each backed off by 3dB, so it should also be able to mee the MPR requirements in 6.2.2-2. 
Observation 7: A UE that falls back from PC1.5 to PC2 should be able to meet the MPR requirements in 6.2.2-2 regardless of whether it uses single Tx for PC2 or dual Tx for PC2. 
If in the future Single Tx MPR is defined for PC1.5, the UE would have a single PA capable of PC1.5. In either case, a UE that declares PC1.5 for a band should be able to meet the PC2 MPR when it falls back from PC2 to PC1.5.
Proposal 2: When a UE declares PC1.5, the MPR in 6.2.2-2 applies when the UE falls back to PC2.
Currently it is undefined if a UE should declare TxD for PC1.5, although TxD is implied since MPR is only defined for dual Tx. 
Observation 8: Currently it is undefined if a UE should declare TxD for PC1.5, although TxD is implied since MPR is only defined for dual Tx.
At some point in the future there may be single Tx MPR defined for PC1.5. At that time, new signalling would be useful for a gNB be be able to distinguish between UEs that use the 1 Tx MPR and UEs that use the TxD MPR for PC1.5. 
Observation 9: If 1 Tx MPR is added for PC1.5 in the future, it would be useful to distinguish between UEs that use the 1 Tx MPR and those that use the TxD MPR. 
Adding new capability signalling is undesirable; It is better to use existing signalling when possible. In the future, the existing TxD IE could be used to distinguish between UEs that use the 1 Tx PC1.5 MPR and those that require the 2 Tx PC1.5 MPR in 6.2D.2. for this purpose, although for now, the gNB wouldn’t do anything with it. In the future if signal Tx MPR for PC1.5 is added, the gNBs will be able to tell which PC1.5 MPR the UE is using. If and when single Tx MPR is added, there may still be legacy UEs that don’t indicate TxD but do use the MPR in 6.2D.2-x, but this is not a fatal flaw. Vendors should be encouraged to indicate TxD for PC1.5 for all UEs as soon as possible.  
Proposal 3: From version 17.7.0 of 38.101-1 onward, PC1.5 UEs shall indicate TxD as long as there is only 2Tx MPR defined for PC1.5. If at some point in the future 1 Tx MPR is defined for PC1.5, then UE that implement 1 Tx MPR for PC1.5 shall not indicate TxD.
Proposal 4: Agree a CR to clarify that when A UE that indicates PC1.5 for a given band falls back from PC1.5 to PC2, the MPR requirements in Table 6.2.2-2 apply regardless of whether the UE indicates TxD or not.
Conclusion
Observation 1: There is no MPR relaxation allowed for PC3 MPR for UL MIMO.
Observation 2: In LTE there was no MPR relaxation for PC2 UL MIMO. 
Observation 3: A UE that indicates ul-FullPwrMode-r16 or ul-FullPwrMode2-TPMIGroup-r16 for a band shall meet the MRP requirements in 6.2.2. 
Observation 4: The relaxed MPR for PC2 is allowed when a UE indicates TxD for PC2 and does not indicate ul-FullPwrMode-r16 or ul-FullPwrMode2-TPMIGroup-r16 for PC2. 
Observation 5: Currently in 38.101-1 6.2D.2, when a UE indicates PC2 and UL MIMO for a band, the relaxed MPR requirements in 6.2D.2 apply regardless of whether TxD is indicated or not indicated.
Observation 6: A UE that indicates support for PC2 UL MIMO and not TxD will have to meet the MPR requirements in 6.2.2-2 for single Tx, and should also be able to meet the MPR requirements in 6.2.2-2 when backing one or both PA by 3 dB for PC2 UL MIMO.
Observation 7: A UE that falls back from PC1.5 to PC2 should be able to meet the MPR requirements in 6.2.2-2 regardless of whether it uses single Tx for PC2 or dual Tx for PC2. 
Observation 8: Currently it is undefined if a UE should declare TxD for PC1.5, although TxD is implied since MPR is only defined for dual Tx.
Observation 9: If 1 Tx MPR is added for PC1.5 in the future, it would be useful to distinguish between UEs that use the 1 Tx MPR and those that use the TxD MPR. 

Proposal 1: When a UE indicates PC2 and UL MIMO for a band and TxD, the MPR requirements in 6.2D.2-1 apply for UL MIMO operation, but if the UE indicates PC2 and UL MIMO for a band and not TxD, the requirements in 6.2.2-2 apply for UL MIMO operation. 
Proposal 2: When a UE declares PC1.5, the MPR in 6.2.2-2 applies when the UE falls back to PC2.
Proposal 3: From version 17.7.0 of 38.101-1 onward, PC1.5 UEs shall indicate TxD as long as there is only 2Tx MPR defined for PC1.5. If at some point in the future 1 Tx MPR is defined for PC1.5, then UE that implement 1 Tx MPR for PC1.5 shall not indicate TxD.
Proposal 4: Agree a CR to clarify that when A UE that indicates PC1.5 for a given band falls back from PC1.5 to PC2, the MPR requirements in Table 6.2.2-2 apply regardless of whether the UE indicates TxD or not.
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Annex – Our interpretation of MPR requirements based on various related UE capabilities 
The following tables show our interpretation of how the various parameters relate to the MPR requirements in 6.2.2 and 6.2D.2. The ones in red are our interpretation, which are not currently explicitly stated in the spec.

[bookmark: _Hlk110942503]Table 5-1 Relationship between declared power class, ULFP mode and TxD capabilities and MPR requirements for UL MIMO and Dual Tx
	Declared Power class 
	ULFP Mode
	TxD
	Requirements for PC1.5 operation
	Requirements for PC2 operation
	Requirements for PC3 operation

	PC3
	0 
	Yes
	N/A
	N/A
	6.2.2-1

	
	
	No
	N/A
	N/A
	6.2.2-1

	
	1
	Yes
	N/A
	N/A
	6.2.2-1

	
	
	No
	N/A
	N/A
	6.2.2-1

	
	2
	Yes
	N/A
	N/A
	6.2.2-1

	
	
	No
	N/A
	N/A
	6.2.2-1

	
	None
	Yes
	N/A
	N/A
	6.2.2-1

	
	None
	No
	N/A
	N/A
	6.2.2-1

	PC2
	0 
	Yes
	N/A
	6.2.2-2
	6.2.2-1

	
	
	No
	N/A
	6.2.2-2
	6.2.2-1

	
	1
	Yes
	N/A
	6.2D.2-1
	6.2.2-1

	
	
	No
	N/A
	6.2.2-2
	6.2.2-1

	
	2
	Yes
	N/A
	6.2.2-2
	6.2.2-1

	
	
	No
	N/A
	6.2.2-2
	6.2.2-1

	
	None
	Yes
	N/A
	6.2D.2-1
	6.2.2-1

	
	None
	No
	N/A
	6.2.2-2
	6.2.2-1

	PC1.5
	0 
	Yes
	6.2D.2-2 or 6.2D.2-3
	6.2.2-2
	6.2.2-1

	
	
	No
	6.2D.2-2 or 6.2D.2-3
	6.2.2-2
	6.2.2-1

	
	1
	Yes
	6.2D.2-2 or 6.2D.2-3
	6.2.2-2
	6.2.2-1

	
	
	No
	6.2D.2-2 or 6.2D.2-3
	6.2.2-2
	6.2.2-1

	
	2
	Yes
	6.2D.2-2 or 6.2D.2-3
	6.2.2-2
	6.2.2-1

	
	
	No
	6.2D.2-2 or 6.2D.2-3
	6.2.2-2
	6.2.2-1

	
	None
	Yes
	6.2D.2-2 or 6.2D.2-3
	6.2.2-2
	6.2.2-1

	
	None
	No
	6.2D.2-2 or 6.2D.2-3
	6.2.2-2
	6.2.2-1



Table 5-2 Simplified relationship between declared power class, ULFP mode and TxD capabilities and MPR requirements for UL MIMO and Dual Tx
	Declared Power class for UL MIMO
	ULFP Mode
	TxD
	Requirements for PC1.5 operation
	Requirements for PC2 operation
	Requirements for PC3 operation

	PC3
	-
	-
	N/A
	N/A
	6.2.2-1

	PC2
	0 or 2
	Yes
	N/A
	6.2.2-2
	6.2.2-1

	
	
	No
	N/A
	6.2.2-2
	6.2.2-1

	
	1
	Yes
	N/A
	6.2D.2-1
	6.2.2-1

	
	
	No
	N/A
	6.2.2-2
	6.2.2-1

	
	None
	Yes
	N/A
	6.2D.2-1
	6.2.2-1

	
	None
	No
	N/A
	6.2.2-2
	6.2.2-1

	PC1.5
	-
	-
	6.2D.2-2 or 6.2D.2-3
	6.2.2-2
	6.2.2-1



Table 5-3 Relationship between declared power class, ULFP mode and TxD capabilities and MPR requirements for single Tx as well as dual Tx where relaxation is not allowed
	Declared Power class for single Tx
	TxD
	Requirements for PC1.5 operation
	Requirements for PC2 operation
	Requirements for PC3 operation

	PC3
	Yes
	N/A
	N/A
	6.2.2-1

	
	No
	N/A
	N/A
	6.2.2-1

	PC2
	Yes
	N/A
	6.2D.2-2
	6.2.2-1

	
	No
	N/A
	6.2.2-2
	6.2.2-1

	PC1.5
	Yes
	6.2D.2-2 or 6.2D.2-3
	6.2.2-2
	6.2.2-1

	
	No
	6.2D.2-2 or 6.2D.2-3
	6.2.2-2
	6.2.2-1
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