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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 ON/OFF time mask related to shortened TTI patterns for LTE. 
ON/OFF time mask
RAN4 has received an LS from RAN1 [2] which is described below:

RAN1 has discussed sTTI operation and the connection to UL ON/OFF time mask regarding power control.
RAN1 is wondering if the UL ON/OFF time mask would have any implication to the sTTI performance and if a shorter UL ON/OFF time mask would be beneficial.
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[bookmark: _Ref466034723]Figure 1: General ON/OFF time mask (Source: TS 36.101, v14.1.0, Figure 6.3.4.1-1)
As seen above, the ON/OFF time mask is design for 1ms TTI in Rel-8 legacy LTE systems. 
The duration of ramping of power (Up or Down) in the mask is shorter compared to the length of sub-frame or slot but its position has an influence on system performance. In terms of ramping or transient position there few non-limiting possibilities: 
· Ramping outside timeslot/sub-frame
· Ramping inside time slot/sub-frame
· Ramping partly inside and outside timeslot/sub-frame
The different possibilities for location of the power ramps are illustrated in Figure 2.
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[bookmark: _Ref466034237]Figure 2 Illustration of ramping up and down of power in different possible locations in time in the mask
In the current specifications, the ON/OFF time mask in defined for 1ms TTI duration. The transient period is defined as 20µs, which is quite small compared to 1ms TTI duration. However, the shorter TTI length (as short as 2-OS compared to 14-OS or 1ms) may mean that, the transient period can become quite significant compared to TTi duration. The problem may become very significant, when a UE is allocated in two consecutive TTIs. In that case, legacy mask may cause large part of the TTI duration to be lost. 
Potential time mask for single TTI case
As it is seen in legacy mask, the ramp up/down is inside the TTI boundary (legacy mask). In case of mask for sTTI operation, one possibility to use a mask when ramp up/down is outside the TTI duration. The example is shown below.
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[bookmark: _Ref465981824]Figure 3 Example of a mask when ramp up/down is outside the TTI boundary
In case of TTI duration smaller than 1ms (i.e. 14-OS TTI), the mask that can be used can be different than 1ms TTI. Note that 1ms TTI consists of 14 OFDM symbols (with normal cyclic prefix length). An example of the different masks used for for different TTIs is shown in table 1 below. 
Table 1: An example of masks as function of different TTIs
	TTI Pattern
	TTI duration
	Choice of mask

	14OS
	1000 µs
	Mask according to Figure 1

	7OS
	500µs
	Mask according to Figure 3

	4OS
	285.71 µs
	Mask according to Figure 3

	2OS
	142.86 µs
	Mask according to Figure 3


Potential time mask when UE is scheduled in consecutive TTIs
When a UE is scheduled in two or more consecutive TTIs, then the legacy mask is as shown in Figure 4(a). For shorter TTIs, to potential mask solutions are also shown in the figure. There are benefits in the mask shown in Figure 4(c), since only one transient period is needed when consecutive TTIs are used by same UE.
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	(a) Legacy mask when UE is allocated UL resources in consecutive TTIs
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	(b) Using one single mask for two consecutive TTIs

	[image: ]

	(c) A potential mask when UE is allocated UL resources in consecutive TTIs for shortened TTI operation
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	(d) A second potential mask when UE is allocated UL resources in consecutive TTIs for shortened TTI operation

	[bookmark: _Ref465983568]  Figure 4 Different types of example masks


 An example of the different masks used for different TTIs is shown in table 2 below, when a UE is allocated resources in two consecutive TTIs. 
Table 2: An example of masks as function of different TTIs when the UE is allocated resources across two consecutive TTIs
	TTI Pattern
	TTI duration
	Choice of mask

	14OS
	1000 µs
	Legacy of mask according to Figure 4(a)

	7OS
	500µs
	Any of the masks as shown in 
Figure 4(b), (c) or (d) 

	4OS
	285.71 µs
	Any of the masks as shown in 
Figure 4(b), (c) or (d)

	2OS
	142.86 µs
	Any of the masks as shown in 
Figure 4(b), (c) or (d)



Conclusion
In this paper, we presented different possibilities for ON/OFF time mask when shorter TTI is used. 
[bookmark: _In-sequence_SDU_delivery]We welcome contributions from other companies regarding this issue in the coming meetings.
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