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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. 
Agreement 
	· [bookmark: OLE_LINK19]Scope and priority
· Scope Reduction
· Do not consider scope reduction for the WID in this meeting(RAN4#104e).
· Prioritized Scope
· RAN4 agree to include ULFPTx mode 1 applied to 4x23dBm in the 1st  stage and include its fall back modes in the 2nd stage.
· The following scope is prioritized and started in the 1st stage:
· Bands n41, n77/n78
· 4x4 UL MIMO, including: 4 layers; ULFPTx mode 1
· UE power class: PC1.5
· PA configuration: 4x23dBm
· Others would still be considered, but after the requirements are complete for prioritized scope.
· Further clarify the definition of PC1.5 for 4Tx case
· Scope clarification-3 layers
· Do not consider 3-layer in this WI.
· 4Tx extension principles
· How to extend the requirements from 2Tx to 4Tx?
· Original Proposal: The principles of per-UE requirement (sum the power of all connectors) and per-connector requirement can basically be reused for 4Tx compared 2Tx requirements.(Details reference to R4-2212803, R4-2212712, R4-2213311 )
· Agreement:
· Accept the basic principle but develop the specific requirements on a case-by-case basis.
· Requirements related
· UL-MIMO codebook
· Using the following codebook for 4-layer 4x4 UL MIMO transmission:
·                                                      
· MPR requirements framework
· For 4Tx MPR requirement, the high antenna isolation compared to handheld UE is assumed for CPE and FWA device. 
· For 4Tx MPR requirement, the same antenna isolation as for handheld UE is assumed for vehicular UE.
· Lower MOP tolerance
· Postpone the discussion 
· Proposal: For PC1.5 TDD bands n41, n77/n78 supporting 4Tx UL MIMO, the lower MOP tolerance should be greater than or equal to 3 dB.
· EVM for Transmit Diversity with 4Tx
· Postpone the discussion 
· 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.
· Release independency
· Release independency
· Do not conclude this issue, and discuss the release independency of 4Tx in a later stage.
· Proposal: RAN4 should determine whether 4X4 UL MIMO will be release independent from release 15 or will only be supported from release-18 onwards.




MPR
On top of the WF [1], the followings are considered for PC1.5 4Tx MPR. 
	· PC1.5 MPR for 4Tx (4x23dBm)
· Calibration point for each PC3 PA: 1dB MPR for QPSK DFT-s-OFDM 20MHz 100RB0 waveform at 30dB ACLR
· MPR is evaluated for the same SEM, EVM and IBE requirements as PC1.5 2Tx(2x26dBm)
· Post PA losses 4dB
· Antenna Isolation
· 10dB for Vehicular UE
· 20dB for CPE/FWA
· Waveform 
· CP-OFDM , DFT-s-OFDM
· Modulation order
· QPSK/16QAM/64QAM/256QAM
· Channel Bandwidth
· 20MHz



Table 1-1 and Table 1-2 show the simulation results of Tx power back off with Antennal Isolation of 10dB for CP-OFDM and DFT-s-OFDM respectively. Here, Edge, Inner and Outer RB allocation depend on set of {RB_start, L_CRB}. 

Table 1-1. Tx power back off  of 4Tx PC1.5 with Antenna isolation of 10dB for CP-OFDM
	CP-OFDM
	RB_start
	L_CRB
	QPSK 
	16QAM
	64QAM
	256QAM

	Edge
	0
	1
	8.16 
	8.22 
	8.19 
	8.22 

	
	0
	2
	7.28 
	7.28 
	7.31 
	7.53 

	Inner
	51
	3
	0.88 
	2.75 
	4.44 
	7.41 

	
	48
	10
	1.22 
	3.03 
	4.72 
	7.53 

	
	9
	20
	2.34 
	3.13 
	4.78 
	7.72 

	
	43
	20
	1.34 
	3.09 
	4.78 
	8.03 

	
	19
	40
	1.34 
	3.09 
	4.78 
	7.81 

	
	33
	40
	1.69 
	3.09 
	4.78 
	7.78 

	
	25
	53
	1.94 
	3.06 
	4.78 
	7.75 

	Outer
	10
	54
	3.66 
	3.66 
	4.78 
	7.78 

	
	30
	54
	2.00 
	3.09 
	4.78 
	7.72 

	
	0
	80
	4.09 
	4.09 
	4.78 
	7.72 

	
	16
	80
	3.91 
	3.91 
	4.72 
	7.69 

	
	0
	106
	3.41 
	3.41 
	4.78 
	7.78 



Table 1-2. Tx power back off  of 4Tx PC1.5 with Antenna isolation of 10dB for DFT-s-OFDM
	CP-OFDM
	RB_start
	L_CRB
	QPSK 
	16QAM
	64QAM
	256QAM

	Edge
	0
	1
	8.16
	8.13
	8.19
	8.28

	
	0
	2
	7.28
	7.28
	7.34
	7.25

	Inner
	51
	3
	0
	0
	2.03
	4.94

	
	48
	10
	0
	0
	2.03
	4.91

	
	9
	20
	1.66
	1.91
	2.00
	4.84

	
	43
	20
	0
	0
	2.03
	4.91

	
	19
	40
	0.66
	0.91
	2.00
	4.91

	
	33
	40
	0.91
	0.84
	2.03
	4.91

	
	25
	53
	1.16
	1.28
	2.00
	4.91

	Outer
	10
	54
	1.84
	2.34
	2.41
	4.88

	
	30
	54
	1.25
	1.53
	2.03
	4.91

	
	0
	80
	2.13
	2.53
	2.66
	4.91

	
	16
	80
	2.03
	2.47
	2.56
	5.03

	
	0
	106
	1.56
	1.97
	2.06
	4.91



Table 2-1 and Table 2-2 show the simulation results of Tx power back off with Antennal Isolation of 20dB for CP-OFDM and DFT-s-OFDM respectively.
Table 2-1. Tx power back off  of 4Tx PC1.5 with Antenna isolation of 20dB for CP-OFDM
	CP-OFDM
	RB_start
	L_CRB
	QPSK 
	16QAM
	64QAM
	256QAM

	Edge
	0
	1
	6.34 
	6.22 
	6.53 
	6.22 

	
	0
	2
	5.53 
	5.53 
	5.41 
	6.22 

	Inner
	51
	3
	0 
	1.03 
	2.78 
	6.03 

	
	48
	10
	0 
	1.28 
	3.06 
	6.31 

	
	9
	20
	0.53 
	1.47 
	3.16 
	6.09 

	
	43
	20
	0 
	1.44 
	3.22 
	6.28 

	
	19
	40
	0 
	1.34 
	3.13 
	6.09 

	
	33
	40
	0 
	1.38 
	3.16 
	6.16 

	
	25
	53
	0 
	1.34 
	3.13 
	6.16 

	Outer
	10
	54
	1.84 
	1.84 
	3.09 
	6.16 

	
	30
	54
	0.03 
	1.41 
	3.16 
	6.13 

	
	0
	80
	2.31 
	2.31 
	3.13 
	6.06 

	
	16
	80
	2.09 
	2.09 
	3.09 
	6.09 

	
	0
	106
	1.59 
	1.59 
	3.09 
	6.09 



Table 2-2. Tx power back off  of 4Tx PC1.5 with Antenna isolation of 20dB for DFT-s-OFDM
	CP-OFDM
	RB_start
	L_CRB
	QPSK 
	16QAM
	64QAM
	256QAM

	Edge
	0
	1
	6.31
	6.53
	6.34
	6.41

	
	0
	2
	5.41
	5.47
	5.38
	5.59

	Inner
	51
	3
	0
	0
	1.09
	4.03

	
	48
	10
	0
	0
	1.03
	3.84

	
	9
	20
	0
	0.09
	1.03
	3.84

	
	43
	20
	0
	0
	1.03
	3.84

	
	19
	40
	0
	0
	1.03
	3.88

	
	33
	40
	0
	0
	1.06
	3.84

	
	25
	53
	0
	0
	1.03
	3.88

	Outer
	10
	54
	0.06
	0.53
	1.03
	3.88

	
	30
	54
	0
	0
	1.03
	4.03

	
	0
	80
	0.31
	0.75
	1.06
	3.88

	
	16
	80
	0.22
	0.66
	1.03
	3.84

	
	0
	106
	0
	0.16
	1.03
	3.91



Considering the implementation margin on top of the Tx power back off in the Tables above, MPRs for 4Tx PC1.5 are proposed as Table 3 and Table 4 respectively. Here, MPR for Pi/2 BPSK is proposed with 0.5dB less than QPSK for Edge and Outer RB, and same as QPSK for Inner RB allocation.

Table 3. 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 4. 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 1: Consider MPR as provided in Table 3 for PC1.5 4Tx (4x23dBm) for Vehicular UE or other industrial devices with antenna isolation of 10dB.
Proposal 2: 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.

Conclusion
In this contribution, we provided the simulation results of MPR for 4Tx UE RF requirements. Based on the results, we proposed as follows.
Proposal 1: Consider MPR as provided in Table 3 for PC1.5 4Tx (4x23dBm) for Vehicular UE or other industrial devices with antenna isolation of 10dB.
Proposal 2: 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.

Table 3. 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 4. 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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