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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
· RF parts/performance
· For both 4Tx and 8Rx
· Reuse existing component assumptions for handheld UE unless otherwise stated;
· No differentiation of CPE/FWA;
· FFS on
· Option 1:
· Vehicular UE should have high antenna isolation characteristics similar to CPE and FWA 
· One set of requirements for CPE/FWA/vehicle/industrial devices;
· Option 2:
· Vehicular UE has same antenna isolation as handheld UE (Previous agreement)
· Two set of requirements for CPE/FWA/vehicle/industrial devices;
· SAR compliance
· FFS. Discuss if the current duty cycle capability can be allowed to report or not 
· International operation
· There is a possibility where all 4 types of devices could be subjected to international roaming. 
· Further spec impact or analysis are not precluded
· Scope and configuration
· Layer number and ULFPTx mode 1 configurations
· For the RF requirements, 
· in first stage, only 1-layer configuration is considered for ULFPTx mode 1 and using the following 
· TPMI=13 (1 layer, 1/2*[1 1 j j]T) 
· FFS whether consider 2 layer case for UL-MIMO and/or ULFPTx mode 1 in 2nd stage
· TxD support
· TxD requirements shall be considered in phase 1 to support PC1.5 UE delivering the max output power
· Power class fallback
· Further discuss this issue in next meeting 
· P1 : It is proposed to consider dual Tx PC2 requirement as the fallback requirement for 4Tx PC1.5
· Others
· MPR requirements
· Further discuss this issue in next meeting
· Per-UE basis requirements
· At least per UE basis requirements, defined as the sum of power from four antenna connectors, in case of 2Tx are also per UE basis in case of 4Tx.
· Max power/ Pcmax/Minimum output power/Power control/OBW/OOBE/SE
· EVM related
· Define the EVM for 4 Tx UL MIMO transmission on a per layer basis. 
· For full-rank transmission, measure the EVM using a zero-forcing MIMO receiver
· PC 1.5 clarification
· Wait until TxD is also defined for 4Tx, then check new definition of PC 1.5 needed or not




In the last RAN4 meeting, 2 options were discussed for the assumption of UE type.
· Assumptions for different UE type
· Option 1:
· Vehicular UE should have high antenna isolation characteristics similar to CPE and FWA 
· One set of requirements for CPE/FWA/vehicle/industrial devices;
· Option 2:
· Vehicular UE has same antenna isolation as handheld UE (Previous agreement)
· Two set of requirements for CPE/FWA/vehicle/industrial devices;

In the case of vehicular UE, different kinds of antenna types, such as AM/FM, DMB, GPS, communication(LTE/NR), and Telematics, should not be precluded to be implemented in a single module. Therefore, the form factor of vehicular UE is not high as CPE/FWA but can be considered as handheld UE. It was agreed in the RAN4#104e-meeting.
Proposal 1: Consider option 2 as follows for different UE type.
· Vehicular UE has the same antenna isolation as handheld UE (Previous agreement).
· Two sets of requirements for CPE/FWA/vehicle/industrial devices;

TxD requirements were agreed to be considered in 1st phase to support PC1.5 UE delivering the max output power. For PC1.5 UE, 4x23dBm was agreed to be considered in 1st phase. However, other PA combinations, for example, 2x23dBm+2x26dBm, and 4x26dBm are also included as 2nd priority in WID. The delivering max output power can be as follows for 3 cases.
· Case 1: 4x23dBm  29dBm
· Case 2: 2x23dBm + 2x26dBm  30.77dBm
· Case 3: 4x26dBm  32dBm 
All the 3 Cases can support PC1.5 UE by delivering each PA output power as follows.
· Case 1: 23dBm + 23dBm + 23dBm +23dBm
· Case 2: 23dBm + 23dBm + (26dBm – 3dB Power Back Off) + (26dBm – 3dB Power Back Off)
· Case 3: 
· Case 3-1: (26dBm – 3dB Power Back Off) + (26dBm – 3dB Power Back Off) + (26dBm – 3dB Power Back Off) + (26dBm – 3dB Power Back Off)  or
· Case 3-2: 26dBm + 26dBm (other 2 PAs power off)
Case 1, Case 2, and Case 3 can support PC1.5 with 4Tx. And Case 3 can also support PC1.5 with 2Tx. Therefore, whether to support PC1.5 with 2Tx or 4Tx needs to be identified. 
For example, if supported with 4Tx, 4x23dBm can be assumed as baseline in all the 3 cases. If supported with 2Tx, 2x26dBm can be assumed as baseline. 
However, the required MPR can be different per case.
Proposal 2: Define whether to support PC1.5 with 4Tx or 2Tx assuming equal PA output power.

For power class fallback, all possible fallback needs to be considered. In case of 4Tx PC1.5, 2Tx PC2 and 1Tx PC3 are possible. The existing 2Tx PC2 requirements and 1Tx PC3 requirements can be considered as the fallback requirements for 4Tx PC1.5.
Proposal 3: Consider the existing 2Tx PC2 requirements and 1Tx PC3 requirements as the fallback requirements for 4Tx PC1.5.

MPR
For PC1.5 4Tx MPR, , the followings are considered. 
	· 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 (FEPL: Front End Path Loss)
· Antenna Isolation
· 10dB for Vehicular UE
· 20dB for CPE/FWA
· RIMD from 3PA to 1PA
· 1PA output(dBm) – 2*FEPL – Antenna Isolation + 10*log10(3)
· Waveform 
· CP-OFDM , DFT-s-OFDM
· Modulation order
· QPSK/16QAM/64QAM/256QAM
· Channel Bandwidth
· 20MHz




Two sets of antenna isolation, 10dB and 20dB, are considered.  
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 the 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 in 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 the 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 4: 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 5: 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.

[bookmark: _GoBack]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: Consider option 2 as follows for different UE type.
· Vehicular UE has the same antenna isolation as handheld UE (Previous agreement).
· Two sets of requirements for CPE/FWA/vehicle/industrial devices;
Proposal 2: Define whether to support PC1.5 with 4Tx or 2Tx assuming equal PA output power.
Proposal 3: Consider the existing 2Tx PC2 requirements and 1Tx PC3 requirements as the fallback requirements for 4Tx PC1.5.
Proposal 4: 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 5: 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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