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1. Introduction
In RAN4#69 UE RF AH, it was discussed on how to define PCMAX requirement for 2UL inter-band CA[1]. After discussion, the agreed way forward is the following;

To adopt UL-MIMO tolerances for 2UL inter-band CA acknowledging that this imposes a tightening for 2UL inter-band CA UE compared to REL-8 UE if assuming component carriers have unequal transmitting power. Although how this tightening is realized depends on the RAN5 test cases which will be develop then in future.
In this contribution, an observed issue in current specification for UL-MIMO is pointed out and alternative solution is proposed. Based on the alternative solution, the specification for 2UL inter-band CA is also proposed.
2. Discussion
2.1 PCMAX for UL-MIMO
The tolerances for PCMAX in UL-MIMO can be derived from the single carrier tolerance. PCMAX tolerance for single carrier case is shown in the table below from TS 36.101[2].
Table 1: PCMAX tolerance for single carrier
	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


In order not to exceed +25dBm of transmission power, the specification of tolerance requirements for UL-MIMO is defined in somewhat asymmetric way in high transmission power. For example, when UE total power is configured as +23dBm, the tolerance for UL-MIMO is defined as +2.0/-3.0dB, where the tolerance value is shifted down by 0.5dB from +/- 2.5dB. In similar manner, PCMAX for UL-MIMO was specified as in table 2 with brackets, which was explained in [3] for details.
Table 2: PCMAX,c for UL-MIMO
	PCMAX,c
(dBm)
	Tolerance
TLOW(PCMAX_L,c) (dB)
	Tolerance
THIGH(PCMAX_H,c) (dB)

	PCMAX,c =23
	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]
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Figure 1: Shift Down on PCMAX for UL-MIMO from [3]
It should be noted that the current PCMAX is defined for each range, which means that the excessive shift down will be applied from 20dBm to 23dBm as in Figure 1. For example, in the case that total power is 20.5dBm (each power is 17.5dBm), each tolerance is 5.0dB from Table 1, then the needed shift down is 0.5dB in order not to exceed 25dBm. However the actual shift down of allowed lower tolerance is 1.0dB, if we refer to Table 2. This means, transmit power of UE is needlessly shifted down by 0.5dB (=1dB - 0.5dB), which could cause issue on unnecessary retransmission and so on.
In order to solve this issue, we propose to define the methodology below using mathematical formula for PCMAX in UL-MIMO.

Table 3: Proposed PCMAX,c for UL-MIMO
	PCMAX,c
(dBm)
	Tolerance
TLOW(PCMAX_L,c) (dB)
	Tolerance
THIGH(PCMAX_H,c) (dB)

	-40 ≤ PCMAX,c ≤ 23
	T(PCMAX,c -3.0)+Δshift
	T(PCMAX,c -3.0)-Δshift


Note that “T(PCMAX,c -3.0)” is derived from Table 1
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: Needed shift down

PCMAX：PCMAX for each carrier
Δ：Tolerance for each carrier from table 1
The advantage of this method is shown in Figure 2. The current lower tolerance for UL-MIMO with brackets is specified in bold red. The lower tolerance derived from the proposed formula is in bold blue line. As described, the advantage can be seen in the range of 20dBm to 23dBm, where needless shift down is avoided and the lower tolerance in UL-MIMO terminals gets better.
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2.2 PCMAX for 2UL inter-band CA
In 2UL inter-band CA case, we can extend the above formula in order to cover the power difference between two component carriers as the following.
Table 4: Proposed PCMAX,c for 2UL inter-band CA
	PCMAX,c
(dBm)
	Tolerance
TLOW(PCMAX_L,c) (dB)
	Tolerance
THIGH(PCMAX_H,c) (dB)

	-40 ≤ PCMAX,c ≤ 23
	T(PCMAX,c -3.0)+Δshift
	T(PCMAX,c -3.0)-Δshift


Note that “T(PCMAX,c -3.0)” is derived from Table 1
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 EMBED Equation.3  [image: image6.wmf]
Δshift：Needed shift down
PCMAX1：PCMAX for component carrier 1

PCMAX2：PCMAX for component carrier 2
Δ1：Tolerance for component carrier 1 from table 1

Δ2：Tolerance for component carrier 2 from table 1
3. Conclusions 

In order to avoid needless shift down of UE transmit power in the case of UL-MIMO and 2UL inter-band CA, we propose the methodology using mathematical formula as the following. When this methodology of definition is acceptable to the working group, the corresponding CR and text proposal will be provided in the next meeting.
Proposal:  PCMAX,c for UL-MIMO and 2UL inter-band CA should be defined as following
	PCMAX,c
(dBm)
	Tolerance
TLOW(PCMAX_L,c) (dB)
	Tolerance
THIGH(PCMAX_H,c) (dB)

	-40 ≤ PCMAX,c ≤ 23
	T(PCMAX,c -3.0)+Δshift
	T(PCMAX,c -3.0)-Δshift


Note that “T(PCMAX,c -3.0)” is derived from Table 1
For UL-MIMO: 
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 EMBED Equation.3  [image: image8.wmf]
For 2UL inter-band CA: 
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 EMBED Equation.3  [image: image10.wmf]
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