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1. Introduction
PCMAX  tolerance was discussed in RAN4#64bis [1]. This contribution further discusses this issue and makes a proposal for 36.101
2. Discussion
3GPP 36.101 section 6.2.2 defines UE maximum power and section 6.2.5 defines configured transmitted power. For almost all bands the Tolerance (dB) has been defined as ±2 (excludingTC) . For some more challenging bands like B28 and especially B22 the lower limit has been further relaxed. 
However, current PCMAX  tolerance for highest output power levels is only ±2. Thus the tolerance relaxations for (for instance) B22 and B28 in table 6.2.2-1 are not effective, because PUMAX lower limit has been defined as PCMAX_L  –  T(PCMAX_L)  = PCMAX_L  -2dB.

So, some changes to tables in 6.2.5 are needed. 
---------------------------------Relevant sections of 36.101 Rel11 6.2.2 and 6.2.5--------------------------------------

Table 6.2.2-1: UE Power Class

	EUTRA band
	Class 1 (dBm)
	Tolerance (dB)
	Class 2 (dBm)
	Tolerance (dB)
	Class 3 (dBm)
	Tolerance (dB)
	Class 4 (dBm)
	Tolerance (dB)

	1
	
	
	
	
	23
	±2
	
	

	2
	
	
	
	
	23
	±2[2]
	
	

	3
	
	
	
	
	23
	±22
	
	

	4
	
	
	
	
	23
	±2
	
	

	5
	
	
	
	
	23
	±2
	
	

	6
	
	
	
	
	23
	±2
	
	

	7
	
	
	
	
	23
	±22
	
	

	8
	
	
	
	
	23
	±22
	
	

	9
	
	
	
	
	23
	±2
	
	

	10
	
	
	
	
	23
	±2
	
	

	11
	
	
	
	
	23
	±2
	
	

	12
	
	
	
	
	23
	±22
	
	

	13
	
	
	
	
	23
	±2
	
	

	14
	
	
	
	
	23
	±2
	
	

	
	
	
	
	
	
	
	
	

	17
	
	
	
	
	23
	±2
	
	

	18
	
	
	
	
	23
	±25
	
	

	19
	
	
	
	
	23
	±2
	
	

	20
	
	
	
	
	23
	±22
	
	

	21
	
	
	
	
	23
	±2
	
	

	22
	
	
	
	
	23
	+2/-3.52
	
	

	23
	
	
	
	
	23
	±2
	
	

	24
	
	
	
	
	23
	±2
	
	

	25
	
	
	
	
	23
	±22
	
	

	26
	
	
	
	
	23
	±22
	
	

	27
	
	
	
	
	23
	±2
	
	

	28
	
	
	
	
	23
	+2/-2.5
	
	

	…
	
	
	
	
	
	
	
	

	33
	
	
	
	
	23
	±2
	
	

	34
	
	
	
	
	23
	±2
	
	

	35
	
	
	
	
	23
	±2
	
	

	36
	
	
	
	
	23
	±2
	
	

	37
	
	
	
	
	23
	±2
	
	

	38
	
	
	
	
	23
	±2
	
	

	39
	
	
	
	
	23
	±2
	
	

	40
	
	
	
	
	23
	±2
	
	

	41
	
	
	
	
	23
	±22
	
	

	42
	
	
	
	
	23
	+2/-3
	
	

	43
	
	
	
	
	23
	+2/-3
	
	

	44
	
	
	
	
	23
	+2/[-3]
	
	

	NOTE 1:
The above tolerances are applicable for UE(s) that support up to 4 E-UTRA operating bands. For UE(s) that support 5 or more E-UTRA bands the maximum output power is expected to decrease with each additional band and is FFS

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:
For the UE which supports both Band 11 and Band 21 operating frequencies, the tolerance is FFS.

NOTE 4:
PPowerClass is the maximum UE power specified without taking into account the tolerance 

NOTE 5:
For a UE that supports both Band 18 and Band 26, the maximum output power requirement is relaxed by reducing the lower tolerance limit by 1.5 dB for transmission bandwidths confined within 815 MHz and 818 MHz


6.2.5
Configured transmitted power

The UE is allowed to set its configured maximum output power PCMAX. The configured maximum output power PCMAX is set within the following bounds:

PCMAX_L ≤  PCMAX  ≤  PCMAX_H 

Where

-
PCMAX_L = MIN {PEMAX – TC,  PPowerClass – MAX(MPR + A-MPR, P-MPR) – TC}

-
PCMAX_H = MIN {PEMAX,  PPowerClass}

-
PEMAX is the value given to IE P-Max, defined in [7] 

-
PPowerClass is the maximum UE power specified in Table 6.2.2-1 without taking into account the tolerance specified in the Table 6.2.2-1

-
MPR and A-MPR are specified in subclause 6.2.3 and subclause 6.2.4, respectively

-
P-MPR is the allowed maximum output power reduction for;

a)
Ensuring compliance with applicable electromagnetic energy absorption requirements and addressing unwanted emissions / self desense requirements in case of simultaneous transmissions on multiple RAT(s) for scenarios not in scope of 3GPP RAN specifications.

b)
Ensuring compliance with applicable electromagnetic energy absorption requirements in case of proximity detection is used to address such requirements that require a lower maximum output power.


The UE shall apply P-MPR only for the above cases. For UE conducted conformance testing P-MPR shall be 0 dB

NOTE 1: P-MPR was introduced in the PCMAX equation such that the UE can report to the eNB the available maximum output transmit power. This information can be used by the eNB for scheduling decisions.

NOTE 2: P-MPR may impact the maximum uplink performance for the selected UL transmission path.

-
TC = 1.5 dB when Note 2 in Table 6.2.2-1 applies

-
TC = 0 dB when Note 2 in Table 6.2.2-1 does not apply

The measured configured maximum output power PUMAX shall be within the following bounds:

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

Where T(PCMAX) is defined by the tolerance table below and applies to PCMAX_L and PCMAX_H separately

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


-----------------------------------End of relevant sections of 36.101 Rel11 6.2.2 and 6.2.5 -----------------------------------------

The lower  tolerance in 6.2.5-1 should match with lower tolerance in 6.2.2-1. It has to be noted that the reason for the increased PCMAX_L tolerance is the PA’s limited capability to deliver power due to high FE losses, not the UE’s inability to control the power. The “cleanest” option would probably be to just modify T(PCMAX_L) in a way that the lowest tolerance value would equal the lower tolerance defined in 6.2.2-1. By doing this for instance B22 PCMAX tolerance would look as follows:

Table 6.2.5-1: PCMAX tolerance 

	PCMAX             (dBm)
	Tolerance T(PCMAX_H)   (dB)
	Tolerance T(PCMAX_L)   (dB)

	21 ≤ PCMAX ≤ 23
	2.0
	3.5

	20 ≤ PCMAX < 21
	2.0
	3.5

	19 ≤ PCMAX < 20
	2.0
	3.5

	18 ≤ PCMAX < 19
	2.0
	4.0

	13 ≤ PCMAX < 18
	2.5
	5.0

	8 ≤ PCMAX < 13
	3.5
	6.0

	-40 ≤ PCMAX < 8
	4.0
	7.0


We would be OK to adopt this principle. However, to address opinions during RAN4#64bis discussions, we propose not to excessively relax the power tolerance requirements for the PCMAX levels where the increase is not justified by the PA’s inability to deliver power due to large FE losses.
3. Proposed solution
Our proposal is to change the table 6.2.5-1 as follows. By doing this, the step between the PCMAX_L tolerances at the highest power levels would be 0.5dB.
Table 6.2.5-1: PCMAX tolerance 

	PCMAX             (dBm)
	Tolerance T(PCMAX_H)   (dB)
	Tolerance T(PCMAX_L)   (dB)

	22.5 < PCMAX ≤ 23
	2.0
	Max [-X, 2.0]

	22 < PCMAX≤ 22.5
	2.0
	Max [-X-0.5dB, 2.0]

	21.5 < PCMAX≤ 22
	2.0
	Max [-X-1dB, 2.0]

	21 ≤ PCMAX ≤ 21.5
	2.0
	2.0

	20 ≤ PCMAX< 21
	2.5
	2.5

	19 ≤ PCMAX< 20
	3.5
	3.5

	18 ≤ PCMAX< 19
	4.0
	4.0

	13 ≤ PCMAX< 18
	5.0
	5.0

	8 ≤ PCMAX< 13
	6.0
	6.0

	-40 ≤ PCMAX< 8
	7.0
	7.0

	NOTE1: X refers to Tolerance as defined in table 6.2.2-1 excluding note 2


For instance, B28 (UE power class tolerance +2/-2.5dB) PCMAX tolerance would look as follows:
Table 6.2.5-1: PCMAX tolerance 
	PCMAX             (dBm)
	Tolerance T(PCMAX_H)   (dB)
	Tolerance T(PCMAX_L)   (dB)

	22.5 < PCMAX ≤ 23
	2.0
	2.5

	22 < PCMAX≤ 22.5
	2.0
	2.0

	21.5 < PCMAX≤ 22
	2.0
	2.0

	21 ≤ PCMAX ≤ 21.5
	2.0
	2.0

	20 ≤ PCMAX< 21
	2.5
	2.5

	19 ≤ PCMAX< 20
	3.5
	3.5

	18 ≤ PCMAX< 19
	4.0
	4.0

	13 ≤ PCMAX< 18
	5.0
	5.0

	8 ≤ PCMAX< 13
	6.0
	6.0

	-40 ≤ PCMAX< 8
	7.0
	7.0

	NOTE1: X refers to Tolerance as defined in table 6.2.2-1 excluding note 2


B22 (UE power class tolerance +2/-3.5dB)  PCMAX tolerance would look as follows:

Table 6.2.5-1: PCMAX tolerance 
	PCMAX             (dBm)
	Tolerance T(PCMAX_H)   (dB)
	Tolerance T(PCMAX_L)   (dB)

	22.5 < PCMAX ≤ 23
	2.0
	3.5

	22 < PCMAX≤ 22.5
	2.0
	3.0

	21.5 < PCMAX≤ 22
	2.0
	2.5

	21 ≤ PCMAX ≤ 21.5
	2.0
	2.0

	20 ≤ PCMAX< 21
	2.5
	2.5

	19 ≤ PCMAX< 20
	3.5
	3.5

	18 ≤ PCMAX< 19
	4.0
	4.0

	13 ≤ PCMAX< 18
	5.0
	5.0

	8 ≤ PCMAX< 13
	6.0
	6.0

	-40 ≤ PCMAX< 8
	7.0
	7.0

	NOTE1: X refers to Tolerance as defined in table 6.2.2-1 excluding note 2


Naturally the same approach should be applied into CA sections. NOTE is modified to refer to respective UE power class tables in CA. 2UL inter-band CA was postponed to Rel12 so thus we did not touch inter-band section in table 6.2.5A-2.
Table 6.2.5A-1: PCMAX tolerance 

	PCMAX             (dBm)
	Tolerance T(PCMAX_H)   (dB)
	Tolerance T(PCMAX_L)   (dB)

	22.5 < PCMAX ≤ 23
	2.0
	Max [-X, 2.0]

	22 < PCMAX≤ 22.5
	2.0
	Max [-X-0.5dB, 2.0]

	21.5 < PCMAX≤ 22
	2.0
	Max [-X-1dB, 2.0]

	21 ≤ PCMAX ≤ 21.5
	2.0
	2.0

	20 ≤ PCMAX< 21
	2.5
	2.5

	19 ≤ PCMAX< 20
	3.5
	3.5

	18 ≤ PCMAX< 19
	4.0
	4.0

	13 ≤ PCMAX< 18
	5.0
	5.0

	8 ≤ PCMAX< 13
	6.0
	6.0

	-40 ≤ PCMAX< 8
	7.0
	7.0

	NOTE1: X refers to Tolerance as defined in table 6.2.2-1 excluding note 2 in inter-band CA 
NOTE2: X refers to Tolerance as defined in table 6.2.2A-1 excluding note 2 in intra-band contiguous CA 


Table 6.2.5A-2: PCMAX tolerance 

	PCMAX             (dBm)
	Tolerance T(PCMAX_H_CA)   Intra-band with two active UL serving cells (dB)
	Tolerance T(PCMAX_L_CA)   Intra-band with two active UL serving cells (dB)
	Tolerance T(PCMAX)   Inter-band with two active UL serving cells

 (dB)

	22.5 < PCMAX ≤ 23
	2.0
	Max [-X, 2.0]
	2.0

	22 < PCMAX≤ 22.5
	2.0
	Max [-X-0.5dB, 2.0]
	

	21.5 < PCMAX≤ 22
	2.0
	Max [-X-1dB, 2.0]
	

	21 ≤ PCMAX ≤ 21.5
	2.0
	2.0
	

	20 ≤ PCMAX < 21
	[2.5]
	[2.5]
	TBD

	19 ≤ PCMAX < 20
	[3.5]
	[3.5]
	TBD

	18 ≤ PCMAX < 19
	[4.0]
	[4.0]
	TBD

	13 ≤ PCMAX < 18
	[5.0]
	[5.0]
	TBD

	8 ≤ PCMAX < 13
	[6.0]
	[6.0]
	TBD

	-40 ≤ PCMAX < 8
	[7.0]
	[7.0]
	TBD

	NOTE2: X refers to Tolerance as defined in table 6.2.2A-1 excluding note 2 in intra-band contiguous CA


4. Which release to apply

Up to Rel10 all bands have ±2dB PCMAX  tolerance. In addition, chapter 6.2 is included in Release independent specification. Thus this addition is needed from 36.101 Rel11 onwards. 

5. Conclusions
Discrepancy between 36.101 table 6.2.2-1 (UE Power Class) and 6.2.5-1 (PCMAX  tolerance ) was discussed and a proposal was given. 
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