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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In this paper, we provide our views on 4Tx UE RF requirements based on the approved WF [1]. 
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Discussion 
Based on the WF[1] which is captured below, we would like to discuss MPR requirements for 4x23dBm. 
	· [bookmark: OLE_LINK19]Assumptions for different UE type
· Number of Requirements set(s)
· Further discuss options after more study
· Option 1: Targeting one set of requirements including CPE/FWA/Vehicular/Industrial devices
· Antenna isolation of those types not necessarily the same.
· Option 2: Targeting two set of requirements for CPE/FWA and Vehicular UE respectively
· Option 3: Others
· SAR compliance
· Keep the existing scheme of default duty cycle in RAN4 spec
· If there is no explicit signalling to distinguish the UE types, UL dutycycle as an optional capability is also applicable to CPE/FWA/Vehicle /industrial devices
· Scope and configuration
· UL-MIMO 2 layer operation
· FFS for next meeting 
· Proposal 1: 2-layer UL-MIMO operation should be supported by transmitting 2 layers from 2 of the 4 PAs. (Qualcomm)
· For 2-layer operation with 4 antenna ports use TPMI=0 to 5
	

	

	

	


	

	



· Proposal 3: 2Layer requirements not need to be tested. (OPPO)
· Power class fallback
· FFS for next meeting 
· Proposal 1: Consider existing 2Tx PC2 requirements (Assuming 23+23 dBm architecture) and 1Tx PC3 requirements as the fallback requirements for 4Tx PC1.5. 
· Proposal 2: It is proposed to agree on whether UE need to keep same power class among different antenna port configurations first, if it is agreed then the power class fallback concept can be skipped
· Proposal 3: Encourage companies to share views on if there are potential issues mentioned in Observation 1 - 3. (Nokia)
· Observation 1: Suitable ul-FullPowerTransmission can be different according to PC even for the same UE
· Observation 2: If there is a no clear way for network to know being used PC due to fallback or return, it may cause issues that a capability, e.g., ul-FullPowerTransmission supported by a UE and/or RF performance like A-MPR may be very different from what network expects.
· Observation 3: Specifications do not mention conditions on when UE shall return to a higher power class and which power class
· UE architecture
· Agreement
· PA configuration of 2x26dBm or 23+26dBm is not considered during the discussion for the applicable requirements for fallback power class in phase 1
· MPR
· FFS for next meeting
· Proposal 1 (LGE)
· Consider MPR as provided in Table 3 for PC1.5 4Tx (4x23dBm) for Vehicular UE or other industrial devices with antenna isolation of 10dB.
· Consider MPR as provided in Table 4 for PC1.5 4Tx (4x23dBm) for CPE/FWA or other industrial devices with antennal isolation of 20dB or above.
· Proposal 2: 4 Tx MPR simulation results should be validated using measurements; (Qualcomm)
· Proposal 3: Values in-between of the proposals in above Table 3, 4 and Table 6.2D.2-2 of TS 38.101-1 could be considered after further evaluation for one set of MPR (Huawei)
· Others
· EVM for TxD
· Proposal:  For 4Tx transmit diversity, define EVM as 
· 
· where  is the EVM measured at the i-th antenna connector and  is the power measured at the i-th antenna connector.
· EVM for 4x4 UL MIMO
· FFS for next meeting




For number of Requirements set(s), 2 options were discussed in the last meeting even though the MPR requirements framework was agreed in RAN4#104e.
· Option 1: Targeting one set of requirements including CPE/FWA/Vehicular/Industrial devices
· Antenna isolation of those types is not necessarily the same.
· Option 2: Targeting two sets of requirements for CPE/FWA and Vehicular UE respectively

· Agreement in RAN4#104e
· MPR requirements framework (RAN4#104e)
· For 4Tx MPR requirement, the high antenna isolation compared to handheld UE is assumed for CPE and FWA devices. 
· For 4Tx MPR requirement, the same antenna isolation as for handheld UE is assumed for vehicular UE.

And,  it was observed that the MPR for antenna isolation of 10dB is different from antenna isolation of 20dB in [2]. 
For this reason, we propose to define 2 sets of MPR requirements for CPE/FWA, and Vehicular UE.
Proposal 1: Define 2 sets of MPR requirements for CPE/FWA, and Vehicular UE.

MPR
Based on simulation results in [2], MPRs for 4Tx PC1.5 are proposed in Table 1 and Table 2 respectively considering additional implementation margin. Here, MPR for Pi/2 BPSK is proposed with 0.5dB less than QPSK for Edge and Outer RB, and the same as QPSK for Inner RB allocation.

Table 1. Proposed MPR for PC1.5 with quadruple Tx (Antenna Isolation = 10dB)
	Modulation
	MPR (dB)

	
	Edge RB allocations
	Outer RB allocations
	Inner RB allocations

	DFT-s-OFDM
	Pi/2 BPSK
	≤ 8.0
	≤ 3.0
	≤ 2.0

	
	QPSK
	≤ 8.5
	≤ 3.5
	≤ 2.0

	
	16 QAM
	≤ 8.5
	≤ 4.0
	≤ 2.5

	
	64 QAM
	≤ 8.5
	≤ 4.7
	≤ 4.5

	
	256 QAM
	≤ 9.5
	≤ 7.0
	≤ 7.0

	CP-OFDM
	QPSK
	≤ 9.5
	≤ 5.0
	≤ 3.5

	
	16 QAM
	≤ 9.5
	≤ 5.0
	≤ 4.0

	
	64 QAM
	≤ 9.5
	≤ 7.0
	≤ 7.0

	
	256 QAM
	≤ 9.5
	≤ 9.5
	≤ 9.5



Table 2. Proposed MPR for PC1.5 with quadruple Tx (Antenna Isolation = 20dB)
	Modulation
	MPR (dB)

	
	Edge RB allocations
	Outer RB allocations
	Inner RB allocations

	DFT-s-OFDM
	Pi/2 BPSK
	≤ 7.5
	≤ 1.5
	≤ 0.5

	
	QPSK
	≤ 8.0 
	≤ 2.0 
	≤ 0.5 

	
	16 QAM
	≤ 8.0
	≤ 2.5 
	≤ 1.5 

	
	64 QAM
	≤ 8.0 
	≤ 3.0
	≤ 3.0 

	
	256 QAM
	≤ 8.0 
	≤ 6.0 
	≤ 6.0

	CP-OFDM
	QPSK
	≤ 8.0 
	≤ 3.5 
	≤ 2.0 

	
	16 QAM
	≤ 8.0 
	≤ 3.5 
	≤ 2.5 

	
	64 QAM
	≤ 8.0 
	≤ 5.0 
	≤ 5.0 

	
	256 QAM
	≤ 8.0 
	≤ 8.0 
	≤ 8.0



Proposal 2: Consider MPR as provided in Table 1 for PC1.5 4Tx (4x23dBm) for Vehicular UE with antenna isolation of 10dB.
Proposal 3: Consider MPR as provided in Table 2 for PC1.5 4Tx (4x23dBm) for CPE/FWA with antennal isolation of 20dB or above.

Power class fallback
During phase 1, a PA configuration of 4x23dBm was agreed to be considered. For 4x PC1.5 with 4x 23dBm, 2Tx PC2 and 1Tx PC3 are possible as power class fallback. Therefore, the existing 2Tx PC2 requirements and 1Tx PC3 requirements can be considered as the fallback requirements for the 4Tx PC1.5.
Proposal 4: Consider the existing 2Tx PC2 requirements and 1Tx PC3 requirements as the fallback requirements for 4Tx PC1.5 with 4x23dBm.

For other PA configurations, such as 2x23dBm+2x26dBm, and 4x26dBm, it would be better to be discussed in 2nd phase.

Conclusion
In this contribution, we provided our view on 4Tx UE RF requirements and the simulation results of MPR. Based on those, we proposed as follows.
Proposal 1: Define 2 sets of MPR requirements for CPE/FWA, and Vehicular UE.
Proposal 2: Consider MPR as provided in Table 1 for PC1.5 4Tx (4x23dBm) for Vehicular UE with antenna isolation of 10dB.
Proposal 3: Consider MPR as provided in Table 2 for PC1.5 4Tx (4x23dBm) for CPE/FWA with antennal isolation of 20dB or above.
Proposal 4: Consider the existing 2Tx PC2 requirements and 1Tx PC3 requirements as the fallback requirements for 4Tx PC1.5 with 4x23dBm.

Table 1. Proposed MPR for PC1.5 with quadruple Tx (Antenna Isolation = 10dB)
	Modulation
	MPR (dB)

	
	Edge RB allocations
	Outer RB allocations
	Inner RB allocations

	DFT-s-OFDM
	Pi/2 BPSK
	≤ 8.0
	≤ 3.0
	≤ 2.0

	
	QPSK
	≤ 8.5
	≤ 3.5
	≤ 2.0

	
	16 QAM
	≤ 8.5
	≤ 4.0
	≤ 2.5

	
	64 QAM
	≤ 8.5
	≤ 4.7
	≤ 4.5

	
	256 QAM
	≤ 9.5
	≤ 7.0
	≤ 7.0

	CP-OFDM
	QPSK
	≤ 9.5
	≤ 5.0
	≤ 3.5

	
	16 QAM
	≤ 9.5
	≤ 5.0
	≤ 4.0

	
	64 QAM
	≤ 9.5
	≤ 7.0
	≤ 7.0

	
	256 QAM
	≤ 9.5
	≤ 9.5
	≤ 9.5



Table 2. Proposed MPR for PC1.5 with quadruple Tx (Antenna Isolation = 20dB)
	Modulation
	MPR (dB)

	
	Edge RB allocations
	Outer RB allocations
	Inner RB allocations

	DFT-s-OFDM
	Pi/2 BPSK
	≤ 7.5
	≤ 1.5
	≤ 0.5

	
	QPSK
	≤ 8.0 
	≤ 2.0 
	≤ 0.5 

	
	16 QAM
	≤ 8.0
	≤ 2.5 
	≤ 1.5 

	
	64 QAM
	≤ 8.0 
	≤ 3.0
	≤ 3.0 

	
	256 QAM
	≤ 8.0 
	≤ 6.0 
	≤ 6.0

	CP-OFDM
	QPSK
	≤ 8.0 
	≤ 3.5 
	≤ 2.0 

	
	16 QAM
	≤ 8.0 
	≤ 3.5 
	≤ 2.5 

	
	64 QAM
	≤ 8.0 
	≤ 5.0 
	≤ 5.0 

	
	256 QAM
	≤ 8.0 
	≤ 8.0 
	≤ 8.0
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