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1 Introduction
For inter-band CA with different TTI length, the Pcmax definition for UE needs to consider the overlap period of two CCs with unaligned TTI boundary, and the problem that when deciding the Pcmax for longer TTI, some of the scheduling information for shorter TTI is not available. These are very similar as Pcmax for inter-band DC, so it can be a reference when defining Pcmax for inter-band CA with different TTI length. This contribution discusses this issue and gives the Pcmax change for TS 36.101.

2 Discussion

2.1 Configured transmit power Pcmax
First of all, it should be noted that Pcmax definition should be consistent with the use of Pcmax in the specification of the uplink power allocation in TS 38.213. Because of this reason, there was a long discussion on Pcmax for LTE DC (more than one year) after core part finished [1] and the final correction can be found in [2]. 
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 in TS 36.213  corresponds to  PCMAX (p,q)  in TS 36.101
For inter-band CA with different TTI length, the power control for short TTI is certainly based on the length of the short TTI. And in order to maintain power and phase continuity for long TTI in power limited case, some solutions (like dropping rules or power reservation) could be introduced to maintain power and phase continuity. For example, the overlap symbols of the longer TTI in power limited case can be dropped [3], but actually the Pcmax,c for the longer TTI is not changed and the power and phase continuity cross the whole TTI can also be maintained. In this understanding, the Pcmax per UE for inter-band CA is based on the overlapping period, this comply with the power control concept and also make the power/phase continuity for each carrier. 

Proposal 1: Pcmax definition should be consistent with the use of Pcmax in the specification of the uplink power allocation in TS 38.213.
Proposal 2: It is proposed Pcmax is defined over the overlapping (slot) pair which is the same as LTE DC.

2.2 Measured total maximum output power Pumax
Regarding the measured total maximum output power PUMAX, some companies had concerned on reusing the definition of Pumax for DC because of some DCI information of shorter TTI is not available at the beginning of the longer TTI. This is the reality but it should be noted that this is only a measured parameter and it is not used for power control which means it is no problem even this Pumax value only can be obtained in the middle of the longer TTI. Only Pcmax parameter impacts the power control.
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Figure 1 Inter-band CA with different TTI length

Furthermore, if we use only known information, like TTI p, sTTI q, q+1, q+2 in above figure to decide the Pcmax or Pumax for the whole loner TTI, it will cause some other problems. For example, the Pcmax or Pumax calculated by  TTI p, sTTI q, q+1, q+2 is in the range of [21dBm, 23dBm], then if the total power for the latter overlap period (p, q+3) is limited, the overlap symbol in TTI p may be dropped to ensure both the priority in sTTI q+3 and the phase continuity of the TTI p [3], in this case, the total power is very likely to below 21dBm which is out of the lower boundary of Pcmax or Pumax. 
To avoid above problems, it is proposed Pumax is also defined on the overlapping pair which is the same as Pcmax definition.

Proposal 3: It is proposed Pumax is also defined on the overlapping (slot) pair which is the same as Pcmax definition.
2.3 Correction on section 6.2.5A

Correction on section 6.2.5A for inter-band CA is proposed as below:
6.2.5A
Configured transmitted power for CA

For uplink carrier aggregation the UE is allowed to set its configured maximum output power PCMAX,c for serving cell c and its total configured maximum output power PCMAX. 

The configured maximum output power PCMAX,c  on serving cell c shall be set as specified in subclause 6.2.5.
For uplink inter-band carrier aggregation, MPRc and A-MPRc apply per serving cell c and are specified in subclause 6.2.3 and subclause 6.2.4, respectively. P-MPR c accounts for power management for serving cell c. PCMAX,c  is calculated under the assumption that the transmit power is increased independently on all component carriers.
For uplink intra-band contiguous and non-contiguous carrier aggregation, MPRc = MPR and A-MPRc = A-MPR with MPR and A-MPR specified in subclause 6.2.3A and subclause 6.2.4A respectively. There is one power management term for the UE, denoted P-MPR, and P-MPR c = P-MPR. PCMAX,c  is calculated under the assumption that the transmit power is increased by the same amount in dB on all component carriers.

The total configured maximum output power PCMAX shall be set within the following bounds:

PCMAX_L ≤ PCMAX ≤ PCMAX_H
For uplink inter-band carrier aggregation with one serving cell c per operating band at same TTI length, 


PCMAX_L = MIN {10log10∑ MIN [ pEMAX,c/ (tC,c),  pPowerClass/(mprc·a-mprc·tC,c ·tIB,c·tProSe) , pPowerClass/pmprc], PPowerClass}


PCMAX_H = MIN{10 log10 ∑ pEMAX,c , PPowerClass}
where
-
pEMAX,c is the linear value of PEMAX, c which is given by IE P-Max for serving cell c in [7];

-
PPowerClass is the maximum UE power specified in Table 6.2.2A-1 without taking into account the tolerance specified in the Table 6.2.2A-1; pPowerClass is the linear value of PPowerClass;

-
mpr c and a-mpr c are the linear values of MPR c and A-MPR c as specified in subclause 6.2.3 and subclause 6.2.4, respectively; 
-
pmprc is the linear value of P-MPR c; 
-
tC,c is the linear value of TC,ctC,c = 1.41 when NOTE 2 in Table 6.2.2-1 applies for a serving cell c, otherwise tC,c = 1;
-
tIB,c  is the linear value of the inter-band relaxation term TIB,c of the serving cell c as specified in Table 6.2.5-2; otherwise tIB,c
- 
tProSe is the linear value of TProSe and applies as specified in subclause 6.2.5.
For uplink inter-band carrier aggregation with one serving cell c per operating band at different TTI length, the UE is allowed to set its configured maximum output power PCMAX,c(i),i for serving cell c(i) of TTI length i, i = 1,2, and its total configured maximum output power PCMAX.

The configured maximum output power PCMAX,c(i),i (p) in TTI p of serving cell c(i) on TTI length i shall be set within the following bounds:

PCMAX_L,c(i),i (p) ≤  PCMAX,c(i), i (p) ≤  PCMAX_H,c(i),i (p)

where PCMAX_L,c(i),i (p) and PCMAX_H,c(i),i (p) are the limits for a serving cell c(i) of TTI length i as specified in subclause 6.2.5.
The total UE configured maximum output power PCMAX (p,q) in a TTI p of TTI length 1 and a TTI q of TTI length 2 that overlap in time shall be set within the following bounds for synchronous and asynchronous operation unless stated otherwise:

PCMAX_L(p,q) ≤  PCMAX (p,q)  ≤  PCMAX_H (p,q)

with
PCMAX_L (p,q) = MIN {10 log10 [pCMAX_L,c(1),1 (p) + pCMAX_L,c(2),2 (q)], PPowerClass}

PCMAX_H (p,q) = MIN {10 log10 [pCMAX_H,c(1),1 (p) + pCMAX_H,c(2),2 (q)], PPowerClass}

where pCMAX_L,c(i),i is pCMAX_H,c(i),i are the respective limits PCMAX_L,c(i),i (p) and PCMAX_H,c(i),i (p) expressed in linear scale.
For uplink intra-band contiguous and non-contiguous carrier aggregation, 

PCMAX_L  = MIN{10 log10 ∑ pEMAX,c  - TC , PPowerClass – MAX(MPR + A-MPR + ΔTIB,c + TC + TProSe, P-MPR ) }

PCMAX_H  = MIN{10 log10 ∑ pEMAX,c , PPowerClass}
where 
-
pEMAX,c is the linear value of PEMAX,c which is given by IE P-Max for serving cell c in [7];

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

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

-
TIB,c is the additional tolerance for serving cell c as specified in Table 6.2.5-2;

-
P-MPR is the power management term for the UE;

-
TC is the highest value TC,c among all serving cells c in the subframe over both timeslots. TC,c = 1.5 dB when NOTE 2 in Table 6.2.2A-1 applies to the serving cell c, otherwise TC,c = 0 dB;

- 
TProSe applies as specified in subclause 6.2.5. 

For combinations of intra-band and inter-band carrier aggregation with UE configured for transmission on three serving cells (up to two contiguously aggregated carriers per operating band) with intra-band serving cells at same TTI length, 


PCMAX_L = MIN {10log10∑(pCMAX_L, Bi), PPowerClass}


PCMAX_H = MIN{10 log10 ∑ pEMAX,c , PPowerClass}
where
-
pEMAX,c is the linear value of PEMAX, c which is given by IE P-Max for serving cell c in [7];

-
PPowerClass is the maximum UE power specified in Table 6.2.2A-0 without taking into account the tolerance specified in the Table 6.2.2A-0; pPowerClass is the linear value of PPowerClass;

- 
pCMAX_L, Bi is the linear values of PCMAX_L as specified in corresponding operating band. PCMAX_L,c specified for single carrier in subclause 6.2.5 applies for operating band supporting one serving cell. PCMAX_L specified for uplink intra-band contiguous carrier aggregation in subclause 6.2.5A applies for operating band supporting two contiguous serving cells.
For each subframe, the PCMAX_L is evaluated per slot and given by the minimum value taken over the transmission(s) within the slot; the minimum PCMAX_L over the two slots is then applied for the entire subframe. PPowerClass shall not be exceeded by the UE during any period of time.
If the UE is configured with multiple TAGs and transmissions of the UE on subframe i for any serving cell in one TAG overlap some portion of the first symbol of the transmission on subframe i +1 for a different serving cell in another TAG, the UE minimum of PCMAX_L for subframes i and i + 1 applies for any overlapping portion of subframes i and i + 1. PPowerClass shall not be exceeded by the UE during any period of time.

The measured maximum output power PUMAX over all serving cells with same TTI length shall be within the following range:


PCMAX_L  – MAX{TL, TLOW(PCMAX_L) }  ≤  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 tolerances TLOW(PCMAX) and THIGH(PCMAX) for applicable values of PCMAX are specified in Table 6.2.5A-1 and Table 6.2.5A-2 for inter-band carrier aggregation and intra-band carrier aggregation, respectively. The tolerance TL is the absolute value of the lower tolerance for applicable E-UTRA CA configuration as specified in Table 6.2.2A-0, Table 6.2.2A-1 and Table 6.2.2A-2 for inter-band carrier aggregation, intra-band contiguous carrier aggregation and intra-band non-contiguous carrier aggregation, respectively.
The measured total maximum output power PUMAX over all serving cells with different TTI length shall be

PUMAX = 10 log10 [pUMAX,c(1),1 + pUMAX,c(2),2],
where pUMAX,c(i),i  denotes the measured output power of serving cell c(i) of TTI length i expressed in linear scale. 

PCMAX_L(p, q)   –  TLOW (PCMAX_L(p, q))  ≤  PUMAX  ≤  PCMAX_H(p, q)  + THIGH (PCMAX_H(p, q))

where PCMAX_L (p,q) and PCMAX_H (p,q) are the limits for the overlapping pair (p,q) and with the tolerances TLOW(PCMAX) and THIGH(PCMAX) for applicable values of PCMAX specified in Table 6.2.5A-1. 
Table 6.2.5A-1: PCMAX tolerance for uplink inter-band CA (two bands)
	PCMAX
(dBm)
	Tolerance
TLOW(PCMAX)
(dB)
	Tolerance
THIGH(PCMAX)
(dB)

	PCMAX = 23
	3.0
	2.0

	22 ≤ PCMAX < 23
	5.0
	2.0

	21 ≤ PCMAX < 22
	5.0
	3.0

	20 ≤ PCMAX < 21
	6.0
	4.0

	16 ≤ PCMAX < 20
	5.0

	11 ≤ PCMAc < 16
	6.0

	-40 ≤ PCMAX < 11
	7.0


Table 6.2.5A-2: PCMAX tolerance 

	PCMAX
(dBm)
	Tolerance
TLOW(PCMAX)
(dB)
	Tolerance
THIGH(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


3 Conclusion
This contribution discusses and gives the Pcmax change for TS 36.101 for inter-band UL CA with different TTI lengths.

Proposal 1: Pcmax definition should be consistent with the use of Pcmax in the specification of the uplink power allocation in TS 38.213.
Proposal 2: It is proposed Pcmax is defined over the overlapping (slot) pair which is the same as LTE DC.

Proposal 3: It is proposed Pumax is also defined on the overlapping (slot) pair which is the same as Pcmax definition.
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