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1
Introduction
In RAN4#60, the UE maximum output power requirement for CLTD was discussed [1-3] and the following was agreed:

· Define the UE maximum output power per UE. For maximum output power tolerance, the upper limit shall be maintained and the lower limit is FFS.

· Define MPR per UE.
In this contribution, we will address the remaining open issues in UE maximum output power: lower limit and MPR.
2
UE Maximum Output Power Lower Limit
When the UE transmit power becomes lower, it is more difficult to accurately set the transmit power. For the case of CLTD, due to the split of the transmit power between two transmit chains, the transmit power in each transmit chain will be 3 dB lower compared with an existing non-ULTD UE.
The existing UE maximum output power requirement is shown in Table 1. As proposed in [1], we could introduce the requirements for power class 3/3bis and the rest in the future if they become necessary. This contribution focuses on power class 3/3ibis only.
Table 1: UE maximum output power in TS 25.101 v10.3.0
	Operating Band
	Power Class 1
	Power Class 2
	Power Class 3
	Power Class 3bis
	Power Class 4

	
	Power

(dBm)
	Tol

(dB)
	Power

(dBm)
	Tol

(dB)
	Power

(dBm)
	Tol

(dB)
	Power

(dBm)
	Tol

(dB)
	Power

(dBm)
	Tol

(dB)

	Band I
	+33
	+1/-3
	+27
	+1/-3
	+24
	+1/-3
	23
	+2/-2
	+21
	+2/-2

	Band II
	-
	-
	-
	-
	+24
	+1/-3
	23
	+2/-2
	+21
	+2/-2

	Band III
	-
	-
	-
	-
	+24
	+1/-3
	23
	+2/-2
	+21
	+2/-2

	Band IV
	-
	-
	-
	-
	+24
	+1/-3
	23
	+2/-2
	+21
	+2/-2

	Band V
	-
	-
	-
	-
	+24
	+1/-3
	23
	+2/-2
	+21
	+2/-2

	Band VI
	-
	-
	-
	-
	+24
	+1/-3
	23
	+2/-2
	+21
	+2/-2

	Band VII
	-
	-
	-
	-
	+24
	+1/-3
	23
	+2/-2
	+21
	+2/-2

	Band VIII
	-
	-
	-
	-
	+24
	+1/-3
	23
	+2/-2
	+21
	+2/-2

	Band IX
	-
	-
	-
	-
	+24
	+1/-3
	23
	+2/-2
	+21
	+2/-2

	Band X
	-
	-
	-
	-
	+24
	+1/-3
	23
	+2/-2
	+21
	+2/-2

	Band XI
	-
	-
	-
	-
	+24
	+1/-3
	23
	+2/-2
	+21
	+2/-2

	Band XII
	-
	-
	-
	-
	+24
	+1/-3
	23
	+2/-2
	+21
	+2/-2

	Band XIII
	-
	-
	-
	-
	+24
	+1/-3
	23
	+2/-2
	+21
	+2/-2

	Band IV
	-
	-
	-
	-
	+24
	+1/-3
	23
	+2/-2
	+21
	+2/-2

	Band XIX
	
	
	
	
	+24
	+1/-3
	23
	+2/-2
	+21
	+2/-2

	Band XX
	
	
	
	
	+24
	+1/-3
	23
	+2/-2
	+21
	+2/-2

	Band XXI
	
	
	
	
	+24
	+1/-3
	23
	+2/-2
	+21
	+2/-2

	Band XXII
	-
	-
	-
	-
	+24
	+1/-4.5
	23
	+2/-3.5
	+21
	+2/-3.5

	Band XXV
	
	
	
	
	+24
	+1/-4
	23
	+2/-3
	+21
	+2/-3


Assuming the UE targets a maximum output power of 23 dBm, the UE transmit power in each transmit chain will be targeted to 20 dBm. The UE transmission power headroom measurement report accuracy in TS 25.133 can be referred to as a reference, and is shown in Table 2. In the case of total output power of 20 dBm, the reporting accuracy is ±2.5 dB. We can infer that the transmit power range will be between 22.5 dBm and 17.5 dBm. If this is converted to the total transmit power, it becomes between 25.5 dBm and 20.5 dBm. Given that the UE is not allowed to transmit more than 25 dBm, it is reasonable to shift the range by 0.5 dB. Therefore, it is proposed to have the transmit power range between 25 dBm and 20 dBm for UE maximum output power classes 3/3bis for CLTD mode for the bands listed in Table 1, other than Bands XXII and XXV.
Similarly for band XXII and XXV, the corresponding reporting accuracy is ±3.0 dB. Therefore, the proposed transmit power range for band XXII is between 25 dBm and 17.5 dBm, and one for band XXV is between 25 dBm and 18 dBm.
Table 2: UE transmission power headroom measurement report accuracy in TS 25.133 v10.3.0

	Total UE output power value (dBm)
	UPH reporting accuracy(dB) (note 1)

	25<= total output power <34
	note 2

	24<= total output power <25 
	±2.0

	23<= total output power <24 
	±2.0

	22<= total output power <23
	±2.0

	21<= total output power <22
	±2.0

	20<= total output power < 21
	±2.5

	19<= total output power <20
	±3.0

	18<= total output power <19
	±3.5

	17<= total output power <18
	±4.0

	16<= total output power <17
	±4.0

	15<= total output power <16
	±4.0

	14<= total output power <15
	±4.0

	13<= total output power <14
	±4.0 (power class 4)

±6.0 (power class 3)

	12<= total output power <13
	±4.0 (power class 4)

±6.0 (power class 3)

	11<= total output power <12
	±4.0 (power class 4)

±6.0 (power class 3)

	-50<= total output power <11
	±6.0

	Note 1 :
UPH reporting accuracy is the difference between the UPH reported by the UE and the actual uplink power headroom

Note 2 :
No tolerance is specified.


Proposal 1: Introduce Class 3/3bis for Rel-11.

Proposal 2: Introduce UE maximum output power for CLTD as shown in Table 3.
Table 3: UE maximum output power for CLTD mode

	Operating Band
	Power Class 3
	Power Class 3bis

	
	Power

(dBm)
	Tol

(dB)
	Power

(dBm)
	Tol

(dB)

	Band I
	+24
	+1/-4
	23
	+2/-3

	Band II
	+24
	+1/-4
	23
	+2/-3

	Band III
	+24
	+1/-4
	23
	+2/-3

	Band IV
	+24
	+1/-4
	23
	+2/-3

	Band V
	+24
	+1/-4
	23
	+2/-3

	Band VI
	+24
	+1/-4
	23
	+2/-3

	Band VII
	+24
	+1/-4
	23
	+2/-3

	Band VIII
	+24
	+1/-4
	23
	+2/-3

	Band IX
	+24
	+1/-4
	23
	+2/-3

	Band X
	+24
	+1/-4
	23
	+2/-3

	Band XI
	+24
	+1/-4
	23
	+2/-3

	Band XII
	+24
	+1/-4
	23
	+2/-3

	Band XIII
	+24
	+1/-4
	23
	+2/-3

	Band IV
	+24
	+1/-4
	23
	+2/-3

	Band XIX
	+24
	+1/-4
	23
	+2/-3

	Band XX
	+24
	+1/-4
	23
	+2/-3

	Band XXI
	+24
	+1/-4
	23
	+2/-3

	Band XXII
	+24
	+1/-6.5
	23
	+2/-5.5

	Band XXV
	+24
	+1/-6
	23
	+2/-5


3
Maximum Power Reduction

The following 2 PA configurations can be considered for implementation of CLTD.

· 2 Full Power PAs

· 1 Full Power PA + 1 Half Power PA

If 2 full power PAs are used, the MPR would not be needed considering that the power in each PA is already reduced by 3 dB (the max MPR is 2.5 dBfor an existing non-CLTD UE).
If 1 full power PA and 1 half power PA are used, for the same reason, a full power PA would not need any MPR. However, a half power PA needs an MPR. Note, if an MPR is applied on one antenna port, the same amount of MPR needs to be applied to the other in order to avoid distorting an intended beam. This is because it will cause an amplitude imbalance due to the MPR applied, resulting in a different beam from what was intended.

It is expected that implementations using two full power PAs will be prevalent for a while and implementations with a half power PA will not be available in the near future. Therefore, it is proposed that no MPR be introduced for CLTD assuming the use of 2 full power PAs. The MPR for the implementation with a half power PA can be introduced in the future, if a half power PA option becomes available.
Proposal 3: It is proposed that no MPR be introduced for CLTD assuming the use of 2 full power PAs. The MPR for the implementation with a half power PA can be introduced in the future, if a half power PA option becomes available.

4
Conclusions
In this contribution, we have addressed the remaining open issues in UE maximum output power: lower limit and MPR. The following proposals have been made:

Proposal 1: Introduce Class 3/3bis for Rel-11.

Proposal 2: Introduce UE maximum output power for CLTD as shown in Table 3.

Proposal 3: It is proposed that no MPR be introduced for CLTD assuming the use of 2 full power PAs. The MPR for the implementation with a half power PA can be introduced in the future, if a half power PA option becomes available.
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