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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 further discuss the following issues. 
	· Test configurations
· 1-1-1: Whether non-full power (power scaling / fall back) cases are needed to verified?
· For Stage-1 cases, no fall back mode test with achievable power lower than power class or power scaling will be considered.
· Power Scaling mentioned here is defined in RAN1 spec since Rel-15
· Fallback concept may need to be further clarified.
· E.g. UE would have different achievable maximum output power with different antenna configurations.
· For Stage-2 cases, more discussion is needed on this issue. 
· 1-1-2: Whether Full power rank 2 configurations are needed for verification?
· For Stage-1, Full power rank 2 configurations are not considered for verification.
· For Stage-2, more discussions are needed for the following options (Currently no Tx architecture precluded). E.g.
· Not needed
· Mode 1 only
· Mode 1 + Mode 2

· Relation between configured transmitted power and TPMI configuration
· 1-3-1: Whether power scaling related to ULFPTx TPMI(s) should be considered in Configured transmitted power definition : FFS
· Option 1: No.
· This is the current 38.101-1 status.
· Option 2: Yes 
· Not align with current 38.101-1
· It should be noted Mode 2 would be much more complicated compared to Mode 1.
· Option 3: Others 
· 1-3-2: Whether acceptable for UE not able to achieve Pcmax it reports, e.g. for certain TPMI configurations : FFS
· Option 1: No.
· This is the current 38.101-1 status.
· Option 2: Yes
· Not align with current 38.101-1
· It should be noted Mode 2 would be much more complicated compared to Mode 1.
· Option 3: Others 
· 1-3-3: What kind of solution might be way forward? : FFS
· Option 1: Keep the current RAN4 spec, that Pcmax would not be impacted by TPMI
· Pcmax may not be always achievable under certain configuration
· Corresponds to option 1 in Issue 1-1 / 1-2
· Option 2: Consider revising RAN4 spec, that Pcmax can be adjusted by TPMI
· Pcmax can always be achievable, or introduce a maximum achievable output power for a configuration via ΔPpower_class in PCMAX calculation
· Corresponds to option 2 in Issue 1-1 / 1-2
· Option 3: Others

· PCMAX tolerance for 4Tx based UL-MIMO/TxDiversity
· 1-4-1: Define ? : further discussion
· Proposal 1 
	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







Different achievable maximum output power with different antenna configurations
First, Stage-1 and Stage-2 need to be clarified as follows based on the WID objective [3].
· Stage-1: PA configuration of 4x23dBm 
· Stage-2: PA configuration of 2x23dBm+2x26dBm and 4x26dBm 

For 4x23dBm, the achievable maximum output power can be,
· PC1.5 with 4 antenna ports
· PC2 with 2 antenna ports
· PC3 with 1 antenna port
For 2x23dBm+2x26dBm, the achievable maximum output power can be,
· 30.8dBm (new PC) with 4 antenna ports
· PC2 (2x23dBm), PC1.5(2x26dBm), or 27.8dBm(23dBm+26dBm, new PC) with 2 antenna ports
· PC3, or PC2 with 1 antenna port
For 4x26dBm, the achievable maximum output power can be,
· 32dBm (new PC) with 4 antenna ports
· PC1.5 with 2 antenna ports
· PC2 with 1 antenna port
The achievable maximum output power is more complicated in Stage-2 and new power classes are observed. To reuse the existing UE power classes as much as possible, when configured with 2 antenna ports, a same PA pair is assumed as baseline, e.g., (2x23dBm) or (2x26dBm). 
No matter what the achievable maximum output power is higher than PC1.5 when configured with 4 antenna ports, whether to apply with PC1.5 or a new PC needs to be discussed. It would be coupled with the FullPowerMode issue.
[bookmark: _GoBack]Proposal 1: Consider a same PA pair as baseline when configured with 2 antenna ports for both 2x23dBm+2x26dBm and 4x26dBm
Proposal 2: Further discuss whether PC1.5 applies to both 2x23dBm+2x26dBm and 4x26dBm no matter what the achievable maximum output power is higher than PC1.5 when configured with 4 antenna ports.

Full power rank 2 configurations
For the full power discussion, as mentioned above, firstly, the power class should be defined with the configuration of 4 antenna ports for Stage-2.  If PC1.5 is assumed as UE power class for both PA configurations of 2x23dBm+2x26dBm and 4x26dBm, for example, the full power rank 2 is possible with a TPMI index of 0. Here, 26dBm PA is assumed to correspond= to ‘1’ in the precoding ‘W’.
· 
TPMI#0 , W = 
Observation 1: If PC1.5 is assumed as UE power class for both PA configurations of 2x23dBm+2x26dBm and 4x26dBm,  the full power rank 2 is possible with a TPMI index of 0.

Relation between configured transmitted power and TPMI configuration
For the related issues, we think that Pcmax is not impacted by TPMI. And, the impact of TPMI is already reflected in Pcmax tolerance. Therefore, the current RAN4 specification needs to be kept. 

	For UE support uplink full power transmission (ULFPTx) for UL MIMO, the tolerance is specified in Table 6.2D.4-1. The requirements shall be met with the PUSCH configurations specified in Table 6.2D.1-3, based upon UE’s support of uplink full power transmission mode.
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



If the UE is scheduled for single antenna-port PUSCH transmission by DCI format 0_0 or by DCI format 0_1 for single antenna port codebook-based transmission, the corresponding requirements in clause 6.2D.1 apply for the power class as indicated by the ue-PowerClass field in capability signaling.




Proposal 3: Keep the current RAN4 spec, that Pcmax would not be impacted by TPMI.

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 2.1 shows the Pcmax tolerance in Table 6.2.4-1 and Table 6.2D.4-1.
[image: ]
Figure 2.1: PCMAX tolerance in Table 6.2.4-1 and Table 6.2D.4-1
From Figure 2.1, 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. Considering the legacy approach, a new tolerance needs to be defined for 4Tx. Table 4 is one example of the tolerance of 4Tx-based UL-MIMO. 
Table 4: 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 4: Consider Table 4 as a starting point of PCMAX tolerance for 4Tx-based UL-MIMO/TxDiversity.

Conclusion
In this contribution, we provided our view on 4Tx UE RF requirements. Based on those, the followings are proposed and observed.
Different achievable maximum output power with different antenna configurations
Proposal 1: Consider a same PA pair as baseline when configured with 2 antenna ports for both 2x23dBm+2x26dBm and 4x26dBm
Proposal 2: Further discuss whether PC1.5 applies to both 2x23dBm+2x26dBm and 4x26dBm no matter what the achievable maximum output power is higher than PC1.5 when configured with 4 antenna ports.

Full power rank 2 configurations
Observation 1: If PC1.5 is assumed as UE power class for both PA configurations of 2x23dBm+2x26dBm and 4x26dBm,  the full power rank 2 is possible with a TPMI index of 0.

Relation between configured transmitted power and TPMI configuration
Proposal 3: Keep the current RAN4 spec, that Pcmax would not be impacted by TPMI.

PCMAX tolerance for PC1.5 UL-MIMO based on 4Tx
Proposal 4: Consider Table 4 as a starting point of PCMAX tolerance for 4Tx-based UL-MIMO/TxDiversity.

Table 4: 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
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