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1. Introduction 

In RAN4 meeting #52 held in Shenzhen the Pcmax definition was agreed in [1] and the following text was added to chapter 6.2.5 in [2].
******  Start of the Pcmax definition in 36.101  ******

6.2.5 Configured transmitted Power

The configured maximum UE output power PCMAX shall be within the limits defined as 

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

with the power tolerance T(PCMAX) specified in Table 6.2.5-1. PCMAX takes the values of PCMAX_L and PCMAX_H for the lower and higher maximum power limit, respectively. PCMAX_L and PCMAX_H are the configured UE transmitted powers defined as follows: 

-
PCMAX_L = MIN {PEMAX_L, PUMAX }

-
PCMAX_H = MIN {PEMAX_H, PPowerClass}





Where

· PEMAX_L is the maximum allowed power configured by higher layers as defined in [TS36.331]. For operating bands under Note 2 in Table 6.2.2-1, PEMAX_L is reduced by 1.5 dB when the transmission bandwidth is confined within FUL_low and FUL_low + 4 MHz or FUL_high – 4 MHz and FUL_high. 

· PUMAX  is the UE transmit power defined in section 6.2.2 and taking into account the allowed MPR defined in section 6.2.3 and the allowed A-MPR defined in section 6.2.4.

· PEMAX_H is the maximum allowed power configured by higher layers as defined in [TS36.331].

· PPowerClass is the maximum UE power specified in Table 6.2.2-1 without taking into account the allowed MPR or A-MPR or the tolerance specified in Table 6.2.2-1.

Table 6.2.5-1: PCMAX tolerance 

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

	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


****** Stop of the new Pcmax definition in 36.101    ******

During the discussions in the meeting there were some opinions that the requirement might be rather complex. This document tries with the help of four examples to address this issue. 
2. Discussion
In following four chapters there are examples of following use cases.

· Case where no reductions to maximum power are allowed

· Case where higher layers signal (as defined in TS36.331) the UE maximum allowed Tx power. This feature could be used for example in hospitals.

· Case of Band13 with NS_07 signaled were excessive A-MPR is allowed because of stringent additional spurious emission limits to public safety band.

· Case where maximum power lower tolerance is relaxed on band edge as indicated by Note 2 in table 6.2.2 in [2]. This was formerly called as ΔTc case. 

2.1. No maximum power relaxation

In this example no maximum allowed power configuration has been signaled from the higher layers.
UL resource block allocation is such that no MPR, A-MPR or band edge maximum power relaxations (Note 2 in table 6.2.2) are allowed to be used. 
PEMAX_L = none
PUMAX = power class 3 = +23 dBm

PEMAX_H = none

PPowerClass = power class 3 = +23 dBm

These parameters lead to following PCMAX_L and PCMAX_H  values

PCMAX_L = MIN{ - , +23 dBm} = +23 dBm 
=>

T(PCMAX_L ) = 2 dB
PCMAX_H = MIN{ - , +23 dBm} = +23 dBm
=>

T(PCMAX_H ) = 2 dB
When above PCMAX_L and PCMAX_H  values are placed in the PCMAX formula and used to derive the tolerances from table 
6.2.5-1 we get

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

+23 dBm – 2 dB ≤  PCMAX  ≤  +23 dBm +2 dB
So the allowed UE maximum power range is from +21 dBm to + 25 dBm as is bounded by power class 3 definition.
2.2. Maximum power reduced by higher layers

In this example maximum allowed power configuration has been signaled from the higher layers to be 0 dBm. 
UL resource block allocation is such that no MPR, A-MPR are allowed but band edge maximum power relaxation (Note 2 in table 6.2.2) is allowed. 

PEMAX_L = PEMAX_L - band edge relaxation = 0 dBm – 1.5dB = - 1.5dBm

PUMAX = power class 3 – band edge relaxation = + 23 dBm – 1.5 dB = +21.5 dBm
PEMAX_H = 0dBm

PPowerClass = power class 3 = + 23 dBm

These parameters lead to following PCMAX_L and PCMAX_H  values

PCMAX_L = MIN{ -1.5dBm , +21.5 dBm} = -1.5 dBm
=>

T(PCMAX_L ) = 7 dB
PCMAX_H = MIN{ 0dBm , +23 dBm} = +0dBm
=>

T(PCMAX_H ) = 7 dB
When above PCMAX_L and PCMAX_H  values are placed in the PCMAX formula and used to derive the tolerances from table 

6.2.5-1 we get

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

-1.5dBm – 7 dB ≤  PCMAX  ≤  0dBm +7 dB

So the allowed UE maximum power range is from – 8.5dBm dBm to + 7 dBm.
2.3. Band13 with NS_07 signaled

In this example no maximum allowed power configuration has been signaled from the higher layers. 

UL resource block allocation is following: L_CBR =12 RB with 16-QAM modulation is transmitted on RB_start=13. Channel BW = 10 MHz and Band = 13. 
This allocation will lead to following relaxations. MPR= 1dB, A-MPR=12dB but band edge maximum power relaxations is not allowed to use. 

PEMAX_L = -

PUMAX = power class 3 – MPR – A-MPR = + 23 dBm – 1 dB – 12 dB = + 10 dBm

PEMAX_H = -

PPowerClass = power class 3 = + 23 dBm

These parameters lead to following PCMAX_L and PCMAX_H  values

PCMAX_L = MIN{- , +10dBm } = +10dBm

=>

T(PCMAX_L ) = 6 dB
PCMAX_H = MIN{ - , +23 dBm} = +23dBm

=>

T(PCMAX_H ) = 2 dB
When above PCMAX_L and PCMAX_H  values are placed in the PCMAX formula and used to derive the tolerances from table 

6.2.5-1 we get

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

+10dBm – 6 dB ≤  PCMAX  ≤  +23dBm +2 dB

So the allowed UE maximum power range is from +4 dBm to + 25 dBm

2.4. Band edge maximum tolerance relaxation

In this example no maximum allowed power configuration has been signalled from the higher layers. 

UL resource block allocation is following: L_CBR = 15 RB with QPSK- modulation is transmitted on RB_start=0. Channel BW = 10 MHz and Band = 2 with NS_03 signaling
. Channel is transmitted on the lowest possible channel position inside the band.
This allocation will lead to following relaxations. MPR= 1dB, A-MPR=1dB and band edge maximum power lower tolerance relaxation is 1.5 dB.

PEMAX_L = -

PUMAX = power class 3 – MPR – A-MPR – band edge relaxation = + 23 dBm – 1 dB – 1 dB – 1.5 dB= + 19.5 dBm

PEMAX_H = -

PPowerClass = power class 3 = + 23 dBm

These parameters lead to following PCMAX_L and PCMAX_H  values

PCMAX_L = MIN{- , +19.5 dBm } = +19.5dBm 
=>

T(PCMAX_L ) = 3.5 dB
PCMAX_H = MIN{ - , +23 dBm} = +23dBm

=>

T(PCMAX_L ) = 2 dB
When above PCMAX_L and PCMAX_H  values are placed in the PCMAX formula and used to derive the tolerances from table 

6.2.5-1 we get

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

+19.5dBm – 3.5 dB ≤  PCMAX  ≤  +23dBm +2 dB

So the allowed UE maximum power range is from +16 dBm to + 25 dBm
3. Conclusions

If the examples are seen use full the question is that is there any document suitable for adding these examples. One possibility would be [3] but since it has not been updated lately adding something would probably be confusing.
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