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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. 
	· Assumptions for different UE type
· Number of Requirements set(s)
· WF : Postpone discussion until more results be obtained
· Scope
· Power class fallback
· 1-2-1 : Whether 4Tx UE need to keep power class capability when configured with different antenna ports, i.e.4/2/1
· WF : Confirm the following understanding:
· The power class of a UE is a static value depending on reporting and not subject to change for different configurations
· The maximum output power achievable and applicable requirements are related to configuration and implementation
· How to accommodate the maximum achievable output power aspect into spec is FFS
· 1-2-2 : Whether Issue 1-2-1 need to be specified?  If yes, how? 
· R-WF : FFS for next meeting on configurations need to be verified 
· Discussed Proposals
· Proposal 1: Treat existing 2Tx PC2 and 1Tx PC3 requirements as the fallback requirements for 4Tx PC1.5.
· Proposal 2: Verify full power rank2 UL operation.
· 1-2-3 : Other Fall back related issues 
· WF : In non-MIMO operation, when UE power class fallback to PC2/PC3 due to exceeding dutycycle capability or the output power is lower than the reported power class due to scheduling, whether to maintain 4Tx transmission is up to UE implementation .
· MPR requirements
· WF : FFS for next meeting:




Number of Requirements set(s)
2 options are still on the discussion 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.

[bookmark: _GoBack]And, it was observed that the MPR for antenna isolation of 10dB is different from antenna isolation of 20dB in [2]. 
2 sets of MPR requirements need to be defined.
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 : UL-MIMO operation
Based on the WF, how to accommodate the maximum achievable output power aspect into spec is FFS. A UE that supports PC1.5 is also capable of power class 2 and power class 3. 
Table 3 shows TPMI index and corresponding precoding matrix W for 1 layer using 4 antenna ports. 

Table 3: Precoding matrix for 1-layer transmission using four antenna ports.
	[bookmark: _Hlk500155670]TPMI index
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Assuming UL-MIMO of 1 layer with 4 antenna ports, the fallback to PC2/PC3 can be possible with different TPMI indexes according to PA configurations.
For 4x23dBm, the fallback to PC2/PC3 is possible by configuring the TPMI index as follows. 
· Fallback to PC3 by configuring the TPMI index from 0~3
· Fallback to PC2 by configuring the TPMI index from 4~11
For 2x23dBm+2x26dBm, the fallback to PC2/PC3 is possible by configuring the TPMI index as follows. 
· Fallback to PC3 by configuring the TPMI index from 0~3 to the corresponding 23dBm 
· Fallback to PC2 
· by configuring the TPMI index from 0~3 to the corresponding 26dBm or
· by configuring the TPMI index from 4~11 to the corresponding 23dBm
For 4x26dBm, the fallback to PC2 is possible by configuring the TPMI index as follows. 
· Fallback to PC2 by configuring the TPMI index from 0~3  

When UE power class does fallback to PC2, which MPR requirement is applied should be clarified
For 4x23dBm, PC2 MPR requirement with dualTx can be applied for fallback to PC2. 
For 2x23dBm+2x26dBm, either PC2 MPR requirement with single Tx(26dBm) or with dualTx(2x23dBm) can be applied for fallback to PC2. Which MPR is applied needs to be notified. 
For 4x26dBm, PC2 MPR requirement with single Tx(26dBm) can be applied for fallback to PC2. 
A-MPR has the same story as MPR.

The followings are proposed for the prioritized 4x23dBm.
Proposal 4: Define TPMI index of ‘0’ when UE power class does fallback to PC3 with 4x23dBm.
Proposal 5: Define TPMI index of ‘4’ when UE power class does fallback to PC2 with 4x23dBm.
Proposal 6: Apply PC2 MPR/A-MPR requirement with dualTx when UE power class does fallback to PC2 under UL-MIMO operation with 4x23dBm.

Power class fallback : non-MIMO operation
Based on the WF, in non-MIMO operation, when UE power class fallback to PC2/PC3 due to exceeding dutycycle capability or the output power is lower than the reported power class due to scheduling, whether to maintain 4Tx transmission is up to UE implementation.
When UE power class does fallback to PC2, the applied MPR/A-MPR requirement is the same story as UL-MIMO above.
Proposal 7: Apply PC2 MPR/A-MPR requirement with dualTx when UE power class does fallback to PC2 under non-MIMO operation with 4x23dBm.

PCMAX tolerance for PC1.5 UL-MIMO based on 4Tx
The existing PCMAX tolerances are specified in Table 6.2.4-1 (based on single Tx), Table 6.2D.4-1 for UL-MIMO, and Table 6.2G.4-1 for Tx diversity. The PCMAX tolerance of UL-MIMO is the same as that of Tx diversity.
Table 6.2.4-1: PCMAX tolerance
	PCMAX,f,c  (dBm)
	Tolerance T(PCMAX,f,c) (dB)

	23 < PCMAX,c ≤ 33
	2.0

	21 ≤ PCMAX,c ≤ 23
	2.0

	20 ≤ PCMAX,c < 21
	2.5

	19 ≤ PCMAX,c < 20
	3.5

	18 ≤ PCMAX,c < 19
	4.0

	13 ≤ PCMAX,c < 18
	5.0

	8 ≤ PCMAX,c < 13
	6.0

	-40 ≤ PCMAX,c < 8
	7.0



Table 6.2D.4-1: PCMAX,c tolerance in closed-loop spatial multiplexing scheme
	PCMAX,c
(dBm)
	Tolerance
TLOW(PCMAX_L,c) (dB)
	Tolerance
THIGH(PCMAX_H,c) (dB)

	23 ≤ PCMAX,c ≤ 29
	3.0
	2.0

	22 ≤ PCMAX,c < 23
	5.0
	2.0

	21 ≤ PCMAX,c < 22
	5.0
	3.0

	20 ≤ PCMAX,c < 21
	6.0
	4.0

	16 ≤ PCMAX,c < 20
	5.0

	11 ≤ PCMAX,c < 16
	6.0

	-40 ≤ PCMAX,c < 11
	7.0



Table 6.2G.4-1: PCMAX,c tolerance for Tx Diversity
	PCMAX,c
(dBm)
	Tolerance
TLOW(PCMAX_L,c) (dB)
	Tolerance
THIGH(PCMAX_H,c) (dB)

	23 ≤ PCMAX,c ≤ 29
	3.0
	2.0

	22 ≤ PCMAX,c < 23
	5.0
	2.0

	21 ≤ PCMAX,c < 22
	5.0
	3.0

	20 ≤ PCMAX,c < 21
	6.0
	4.0

	16 ≤ PCMAX,c < 20
	5.0

	11 ≤ PCMAX,c < 16
	6.0

	-40 ≤ PCMAX,c < 11
	7.0



Figure 1 shows the Pcmax tolerance in Table 6.2.4-1 and Table 6.2D.4-1.
[image: ]
Figure 1: PCMAX tolerance in Table 6.2.4-1 and Table 6.2D.4-1
From Figure 1, the tolerance is relaxed in UL-MIMO. It means that the 2Tx based tolerance is relaxed.  Therefore, whether to reuse the existing tolerance or to define a new tolerance should be discussed. Preference is to define a new tolerance. Table 4 is one example of the tolerance of 4Tx based UL-MIMO. 
Table 4: Example of PCMAX,c tolerance for 4 Tx UL-MIMO
	PCMAX,c
(dBm)
	Tolerance
TLOW(PCMAX_L,c) (dB)
	Tolerance
THIGH(PCMAX_H,c) (dB)

	26 ≤ PCMAX,c ≤ 29
	3.0
	2.0

	25 ≤ PCMAX,c < 26
	5.0
	2.0

	24 ≤ PCMAX,c < 25
	5.0
	3.0

	23 ≤ PCMAX,c < 24
	5.0
	4.0

	19 ≤ PCMAX,c < 23
	5.0

	14 ≤ PCMAX,c < 19
	6.0

	-40 ≤ PCMAX,c < 14
	7.0



Proposal 8: Define PCMAX tolerance for 4Tx based UL-MIMO/TxDiversity.

Conclusion
In this contribution, we provided our view on 4Tx UE RF requirements. Based on those, we proposed as follows.
Number of Requirements set 
Proposal 1: Define 2 sets of MPR requirements for CPE/FWA, and Vehicular UE.

MPR 
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
Proposal 4: Define TPMI index of ‘0’ when UE power class does fallback to PC3 with 4x23dBm.
Proposal 5: Define TPMI index of ‘4’ when UE power class does fallback to PC2 with 4x23dBm.
Proposal 6: Apply PC2 MPR/A-MPR requirement with dualTx when UE power class does fallback to PC2 under UL-MIMO operation with 4x23dBm.
Proposal 7: Apply PC2 MPR/A-MPR requirement with dualTx when UE power class does fallback to PC2 under non-MIMO operation with 4x23dBm.

PCMAX tolerance
Proposal 8: Define PCMAX tolerance for 4Tx based UL-MIMO/TxDiversity.


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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