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1 Introduction

UE configured transmit power for 2UL inter-band CA was initially discussed in [1], several proposals to define the tolerance of total Pcmax were proposed and copied as below:

Proposal 1: For 2UL inter-band CA, it is proposed the tolerance of higher bound Pcmax shall consider the higher bound of maximum output power 25dBm.

Proposal 2: In order to define the tolerance of lower bound Pcmax for two uplink inter-band CA, Three candidates are proposed:

· Define the tolerance of lower bound Pcmax in the condition that each transmitter has equal output power and reuse the value defined for UL-MIMO. This approach is simple and straightforward but may not reflect the reality that power at each component carrier can vary independently.
· Define the tolerance of lower bound Pcmax applicable for all power allocation cases in the component carriers. 

· Only define the tolerance of lower bound Pcmax,c for each carrier, no specification on tolerance of lower bound total Pcmax. This approach may be acceptable as in reality it is more relevant to set the power of each component carrier properly than to set the total power considering the power anyway would vary from one component carrier to the other due to different situations such as traffic, RB allocation, channel conditions, etc.
Further discussions can be found in [2] and [3]. In contribution [2], the first bullet of proposal 2 is analyzed, and in contribution [3], the second bullet of proposal 2 is analyzed but both proposed tolerances were not accepted. This contribution gives some further thinking on this issue.

2 Discussion

In [3], calculation is based on the current Pcmax tolerance defined for single carrier in Table 6.2.5-1 of TS 36.101 which is copied below:
Table 6.2.5-1: PCMAX tolerance 

	PCMAX
(dBm)
	Tolerance T(PCMAX)
(dB)

	23 < PCMAX ≤ 33
	2.0

	21 ≤ PCMAX ≤ 23
	2.0

	20 ≤ PCMAX < 21
	2.5

	19 ≤ PCMAX < 20
	3.5

	18 ≤ PCMAX < 19
	4.0

	13 ≤ PCMAX < 18
	5.0

	8 ≤ PCMAX < 13
	6.0

	-40 ≤ PCMAX < 8
	7.0


For UL-MIMO with two transmitters, the tolerance is calculated from this single carrier model. But the tolerance for 2UL inter-band CA calculated from this model in [3] is very large. If we need to define lower tolerance of total power, how could we get a reasonable one from our existing knowledge?

It is noted that the single carrier tolerance is defined with some steps, which could result in relatively large tolerance variance with only a little power change. For example, the tolerance between Pcmax of 19.9999dBm and 20dBm has 1dB difference. Calculation for 2UL based on this step model looks not reasonable in some cases, e.g. very large tolerance for high power and non-monotonic characteristics when the power level changes. 
Actually the tolerance vs power level for hardware should not behave as these steps. For example, digital step attenuator (DSA) is always used to reduce output power, but the attenuate accuracy of digital step attenuator is a linear model with the attenuation levels. Therefore the tolerance is more reasonable to look like a smoothly changing line with the power levels. A multiple poly-line tolerance model is made by connecting some points according to current tolerance defined for specific power levels of 23dBm, 21dBm, 18dBm and 13dBm as in figure 1. This tentative model should be more reasonable for calculation and could be used to improve the results as a choice. It is noted that the model should be only used to study multi-transmitter tolerance rather than change the single carrier tolerance requirement.
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Figure 1 Pcmax tolerance for single carrier
Another improvement method is to define the confidence interval for tolerance. For example, if the tolerance range [-2.5dB, 2.5dB] for 20dBm Pcmax,c represents a certain confidence level, we can also calculate the tolerance range for 23dBm Pcmax in a certain confidence level. But actually we don’t know what the current confidence level for single carrier tolerance is and what our target confidence level is for multi-transmitters. A lot of discussion and research may be needed on this method. So it seems not a good choice for the moment.

Another method is as what we proposed in the third bullet in [1]: Only to define the tolerance of lower bound Pcmax,c for each carrier and no specification on tolerance of lower bound total Pcmax. This approach may be acceptable as in reality it is more relevant to set the power of each component carrier properly than to set the total power considering the power anyway would vary from one component carrier to the other due to different situations such as traffic, RB allocation, channel conditions, etc.
Proposal : For 2UL inter-band CA, it is proposed the tolerance of higher bound Pcmax shall consider the higher bound of maximum output power 25dBm. The tolerance of lower bound Pcmax could not be speicified.

Following TP captures this proposal.
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5.2.5

Transmit power

5.2.5.1 UE maximum output power for 2UL inter-band CA
For 2UL inter-band CA, considering SAR requirement, current power class for each UE should be maintained. UE maximum output power shall be measured over all component carriers from different bands. If each band has separate antenna connectors, maximum output power is measured as the sum of maximum output power at each UE antenna connector.

For 2UL inter-band CA, multiple transmitters with one for each band are assumed. Considering lower tolerance is impacted by the number of transmitters rather than the number of antenna connectors, the lower tolerance of maximum output power for dual uplink inter-band CA shall also be relaxed due to multiple transmitters. This is very similar to the case of UL-MIMO. The tolerance value for 2UL inter-band CA could refer to UL-MIMO considering both are two transmitters sharing the maximum output power. For a certain band combination, if the lower tolerance is different for the two constituent bands, the tolerance is FFS. 
Table 5.2.5.1-1: CA UE Power Class with dual uplink

	E-UTRA CA Configuration
	Class 1 (dBm)
	Tolerance (dB)
	Class 2 (dBm)
	Tolerance (dB)
	Class 3 (dBm)
	Tolerance (dB)
	Class 4 (dBm)
	Tolerance (dB)

	CA_1A-5A
	
	
	
	
	23
	+2/-3
	
	

	CA_3A-20A
	
	
	
	
	23
	 +2/-32
	
	

	CA_1A-19A
	
	
	
	
	23
	+2/-3
	
	

	CA_3A-8A
	
	
	
	
	23
	 +2/-32
	
	

	CA_4A-12A
	
	
	
	
	23
	 +2/-32
	
	

	CA_4A-17A
	
	
	
	
	23
	+2/-3
	
	

	CA_1A-7A
	
	
	
	
	23
	 +2/-32
	
	

	CA_3A-7A
	
	
	
	
	23
	 +2/-32
	
	

	CA_4A-7A
	
	
	
	
	23
	 +2/-32
	
	

	CA_5A-12A
	
	
	
	
	23
	 +2/-32
	
	

	CA_5A-17A
	
	
	
	
	23
	+2/-3
	
	

	CA_3A-5A
	
	
	
	
	23
	 +2/-32
	
	

	CA_7A-20A
	
	
	
	
	23
	 +2/-32
	
	

	CA_1A-21A
	
	
	
	
	23
	+2/-3
	
	

	NOTE 1:
Void
NOTE 2:
2 refers to the transmission bandwidths (Figure 5.6-1) confined within FUL_low and FUL_low + 4 MHz or FUL_high – 4 MHz and FUL_high, the maximum output power requirement is relaxed by reducing the lower tolerance limit by 1.5 dB 

NOTE 3:
PPowerClass is the maximum UE power specified without taking into account the tolerance

NOTE 4: 
For inter-band carrier aggregation the maximum power requirement should apply to the total transmitted power over all component carriers (per UE).


5.2.5.2 Configured transmitted power for 2UL inter-band CA
Configured transmitted power for 2UL has already been defined, the only remain requirement is the Pcmax tolerance with two active UL. For 2UL inter-band CA, the tolerance of higher bound Pcmax shall consider maximum output power 25dBm for SAR requirement. The tolerance of lower bound Pcmax could be not specified since in reality it is more relevant to set the power of each component carrier properly than to set the total power.
This can be specified as following highlighted text into 36.101.
The measured maximum output power PUMAX for intra-band CA over all serving cells shall be within the following range:


PCMAX_L  –  T(PCMAX_L)  ≤  PUMAX  ≤  PCMAX_H  +  T(PCMAX_H) 


PUMAX = 10 log10 ∑ pUMAX,c  
The measured maximum output power PUMAX for inter-band CA over all serving cells shall be within the following range:


PUMAX  ≤  PCMAX_H  +  THIGH(PCMAX_H) 


PUMAX = 10 log10 ∑ pUMAX,c  
where pUMAX,c denotes the measured maximum output power for serving cell c expressed in linear scale. 

The tolerance T(PCMAX) for intra-band CA is defined in Table 6.2.5A-2 below and applies to PCMAX_L and PCMAX_H separately. The tolerance THIGH (PCMAX) for inter-band CA is defined in Table 6.2.5A-2 below and applies to PCMAX_H only.
Table 6.2.5A-2: PCMAX tolerance 

	PCMAX
(dBm)
	Tolerance T(PCMAX)
Intra-band with two active UL serving cells

(dB)
	Tolerance THIGH(PCMAX)
Inter-band with two active UL serving cells

 (dB)

	21 ≤ PCMAX ≤ 23
	2.0
	2.0

	20 ≤ PCMAX < 21
	[2.5]
	[4.0]

	19 ≤ PCMAX < 20
	[3.5]
	[5.0]

	18 ≤ PCMAX < 19
	[4.0]
	[6.0]

	13 ≤ PCMAX < 18
	[5.0]
	[7.0]

	8 ≤ PCMAX < 13
	[6.0]
	[7.0]

	-40 ≤ PCMAX < 8
	[7.0]
	[7.0]


<End of TP>
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