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Introduction 
A work item on shortened TTI and processing time for LTE [1] is ongoing in RAN1 and RAN2, and has time units in RAN4 from RAN4#81 onwards.
[bookmark: _GoBack]In this contribution, we describe UL power control issues related to shortened TTI patterns for LTE. 
PCMAX definition in sTTI operation
In the current specifications, the minimum UE transmit max power PCMAX_L,c shall be evaluated per slot by the UE in every subframe. This makes sense as the minimum resource unit is 1 RB, which corresponds to a 1 ms TTI value. With the introduction of the shorten TTI feature, UE would be scheduled on a smaller TTI basis. There is no rule for estimating Pcmax when the UE is configured with shorter TTI.
The current TTI length consists of 14 OFDM symbols. In case of shortened TTI, the TTI length can be reduced to 2-OFDM symbols, or 7-OFDM symbols on the DL, and 2-OFDM symbols or 7-OFDM symbols (down-selection still not precluded) on the UL. These are denoted as: 2-OS sTTI, 4-OS sTTI, 7-OS sTTI, respectively.
Different shortened TTI lengths can be configured in different directions. For example: a DL can use 2-OS sTTI, while UL can use 7-OS sTTI in the same cell. 
For different frame structures, such as FS1, FS2 and FS3, the sTTI that is used could be different too. 2-OS, 4OS and 7 OS TTI are usable for FS1. For FS2 which is used for TDD, 7-OS sTTI is one of the shortened TTI mode. Some example TTI durations are given below.
7-symbol TTI
For 7-symbol TTI, the following sTTI structure is supported for UL according to agreements in R1-1611055 [2].
[image: ]
Figure 1 Example of 7-symbol TTI
2-symbol TTI
The following sTTI structure is adopted for 2OS sTTI case. 
[image: ]

Figure 2 Example of 2-symbol TTI in UL
PCMAX estimation window for single carrier case
For each determined TTI (and not subframe as mentioned in TS 36.101 v14.1.0 section 5.3.5), the UE determines PCMAX_L,c and so  PCMAX,c values, based on the specified requirements in TS 36.101 section 6.2.5.
In case of TTI duration smaller than 1ms (i.e. 14-OS TTI), the PCMAX is calculated for the whole of TTI duration. Note that 1ms TTI consists of 14 OFDM symbols (with normal cyclic prefix length). An example of the PCMAX calculation window for different TTIs is shown in table 2 below. 
Table 2: An example of Pcmax calculation time window for different TTIs
	TTI Pattern
	TTI duration
	PCMAX calculation window (Tw)

	7OS
	500µs
	500µs

	2OS
	142.86 µs
	142.86 µs



Draft CR
Following updates are needed in 36.101, to reflect the updated definition of PCMAX for TTIs.
============ Start changes in Section 6.3.5, TS 36.101 ==================
6.2.5	Configured transmitted power
The UE is allowed to set its configured maximum output power PCMAX,c for serving cell c. The configured maximum output power PCMAX,c is set within the following bounds:
PCMAX_L,c ≤  PCMAX,c  ≤  PCMAX_H,c with
	PCMAX_L,c = MIN {PEMAX,c – TC,c,  PPowerClass – MAX(MPRc + A-MPRc + ΔTIB,c + TC,c + TProSe, P-MPRc)}
	PCMAX_H,c = MIN {PEMAX,c,  PPowerClass}
where
-	PEMAX,c is the value given by IE P-Max for serving cell c, 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;
-	MPRc and A-MPRc for serving cell c are specified in subclause 6.2.3 and subclause 6.2.4, respectively;
-	TIB,c is the additional tolerance for serving cell c as specified in Table 6.2.5-2; TIB,c = 0 dB otherwise;
-	TC,c = 1.5 dB when NOTE 2 in Table 6.2.2-1 applies;
-	TC,c = 0 dB when NOTE 2 in Table 6.2.2-1 does not apply;
-	TProSe = 0.1 dB when the UE supports ProSe Direct Discovery and/or ProSe Direct Communication on the corresponding E-UTRA ProSe band; TProSe = 0 dB otherwise.
P-MPRc 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 c for serving cell c only for the above cases. For UE conducted conformance testing P-MPR shall be 0 dB
NOTE 1:	P-MPRc was introduced in the PCMAX,c 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-MPRc may impact the maximum uplink performance for the selected UL transmission path.
TREF  and Teval are specified in Table 6.2.5-0A. For each TREF, the PCMAX_L,c for serving cell c is evaluated per Teval and given by the minimum value taken over the transmission(s) within the Teval; the minimum PCMAX_ L,c over the one or more Teval is then applied for the entire TREF. PPowerClass shall not be exceeded by the UE during any period of time.
Table 6.2.5-0A: PCMAX evaluation window for different TTI patterns 
	TTI duration
	TREF
	Teval

	14 OS (1 ms)
	1 subframe
	1 slot

	2 OS
	2 OS
	2 OS

	7 OS
	7 OS
	7 OS



The measured configured maximum output power PUMAX,c shall be within the following bounds:
	PCMAX_L,c  –  MAX{TL,c, T(PCMAX_L,c)}  ≤  PUMAX,c  ≤  PCMAX_H,c  +  T(PCMAX_H,c).
where the tolerance T(PCMAX,c) for applicable values of PCMAX,c is specified in Table 6.2.5-1, and Table 6.2.5-1A. The tolerance TL,c is the absolute value of the lower tolerance for the applicable operating band as specified in Table 6.2.2-1.

Table 6.2.5-1: PCMAX tolerance 
	PCMAX,c
(dBm)
	Tolerance T(PCMAX,c)
(dB)

	23 < PCMAX,c ≤ 33
	2.0

	21 ≤ PCMAX,c ≤ 23
	2.0

	20 ≤ PCMAX,c < 21
	2.5

	19 ≤ PCMAX,c < 20
	3.5

	18 ≤ PCMAX,c < 19
	4.0

	13 ≤ PCMAX,c < 18
	5.0

	8 ≤ PCMAX,c < 13
	6.0

	-40 ≤ PCMAX,c < 8
	7.0



Table 6.2.5-1A: PCMAX tolerance for power class 5
	PCMAX,c
(dBm)
	Tolerance T(PCMAX,c)
(dB)

	 PCMAX,c = 20
	2.0

	19 ≤ PCMAX,c < 20
	3.5

	18 ≤ PCMAX,c < 19
	4.0

	13 ≤ PCMAX,c < 18
	5.0

	8 ≤ PCMAX,c < 13
	6.0

	-40 ≤ PCMAX,c < 8
	7.0



============ End changes in Section 6.3.5, TS 36.101 ==================

Conclusion
In this paper, we presented our understanding related to PCMAX definitions for different TTIs. This is to start discussions, so we welcome contributions from other companies regarding this issue.
It is worth noting here that, corresponding changes are also required for CA cases, which are described in our companion contribution [3]. 
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