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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.
In this contribution, we describe UL power control issues related to shortened TTI patterns for LTE. 
Different TTI durations in different UL carriers
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. These are denoted as: 2-OS sTTI, and 7-OS sTTI, respectively.
Different shortened TTI lengths can be configured in different directions {DL;UL}: {2,2}, {7,7}, {2,7}
For UL CA, the UL carriers is required to have the same length within the same PUCCH group. Whether different sTTI lengths can be configured in different PUCCH groups is still under discussion in RAN1. Different combinations are considered in the table below.
	{CC1, CC2}
	

	{1ms, 2OS}
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	{1ms, 7OS}
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	{2OS, 7OS}
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PCMAX definition in sTTI operation in UL CA
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, over a 1 ms TTI. With the introduction of the shorten TTI feature, UE would be scheduled on a smaller TTI basis. In case of UL CA, it is expected that, the UL carriers may have different TTI durations, thus the PCMAX definition will be more complex compared to 1ms TTI case. 
We note that: UL grant transmitted at nth sTTI, will be used for UL transmission at sTTI (n+X). agreed=4 and 6 are discussed in RAN1, but not yet concluded upon. 
Considering the above constraint, when PCMAX is defined for 1ms carrier which is aggregated with a 2OS sTTI carrier, then the UL grant may not be available at the beginning of the 1ms TTI duration, so the PCMAX calculations cannot be performed at the UE. Thus, {1ms, 2OS} case is the challenging case.
PCMAX definition for the following sTTI combinations can be considered. The examples below consider two values over which PCMAX is measured, 1000 us or 500 us. 
Table 1: An example of PCMAX measurement time window for different TTIs
	TTI Patterns {CC1, CC2}
	TTI duration {CC1, CC2}
	PCMAX measurement window (Tw)
	

	{1ms, 2OS}
	{1000µs, 142.86µs}
	1000µs
	UL grant unavailability issue is there, thus the PCMAX definition will be sub-optimal; however, this requires no changes in current PCMAX definitions

	
	
	500µs
	Solves the UL grant unavailability problem for n+6 case. For n+4, the available time for UL processing 214.29µs or 142.86 µs for n+4 case; and 500µs for n+6 case. Please note that, the assumed TA and 32.47us of maximum transmission timing different different TAGs will also impact the available UL processing time. 

	{1ms, 7OS}
	{1000µs, 500µs}
	1000µs
	1ms (2ms) available processing time for n+4 (n+6) case 

	
	
	500µs
	No additional benefit compared to 1000µs PCMAX evaluation window.

	{7OS, 7OS}
	{500µs, 500µs}
	500µs
	PCMAX calculations are done on corresponding sTTI duration.

	{7OS, 2OS}
	{500µs, 142.86µs}
	500µs
	Solves the UL grant unavailability problem for n+6 case. For n+4, the available time for UL processing 214.29µs or 142.86 µs for n+4 case; and 500µs for n+6 case. Please note that, the assumed TA and 32.47us of maximum transmission timing different different TAGs will also impact the available UL processing time. 

	{2OS, 2OS}
	{142.86µs, 142.86µs}
	142.86µs
	For the sTTIs with 2 OFDM symbols: PCMAX calculations are done on corresponding sTTI duration. 

	
	
	214.29µs
	For the sTTIs with 3 OFDM symbols; PCMAX calculations are done on corresponding sTTI duration.



For different frame structures, such as FS1, FS2 and FS3, the sTTI that is used could be different too. 2-OS and 7 OS TTI are possible for FS1. For FS2 which is used for TDD, 7-OS sTTI is the only shortened TTI mode. 
As an example, for {1ms, 2OS} combination with 500µs PCMAX evaluation window, the following PCMAX calculations need to be done:
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The total configured maximum output power PCMAX shall be set within the following bounds:


Where


Here, the above mentioned PCMAX is applied to the reference TTIs, i.e. to the TTI(n,s0) in cell1 (i.e. slot#0) and TTI(n), TTI(n+1) and TTI(n+2) in cell2. PCMAX_L,a(b) and PCMAX_H,a(b) are the PCMAX,c lower and higher limit respectively for cell a on TTI b.
Similar formulation can also be obtained for slot#1 of 1ms TTI.  
The above formulation provides a restriction on PCMAX for CA when 1ms TTI and 2OS sTTI are aggregated together in an UL CA. 

Conclusion
In this paper, we presented our understanding related to PCMAX definitions for different TTIs. We have provided one example of the PCMAX definitions when aggregated carriers involve 1ms and 2OS TTI durations. 
In the coming meetings, we will provide the draft CR for inclusion of such PCMAX definitions in 36.101.
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