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1 Introduction
The new work item processing time reduction and Shorten TTI was approved for the support of massive number of devices in narrow bandwidth [1]. 

During last RAN4#81 meeting, a work plan [2] and a way forward on UE ON/OFF mask [3] has been agreed.
In this contribution we explain the possible options for UL scheduling when considering shorten TTI with 2 symbols. And for each of them, we specify the ON/OFF mask to be used.
2 Discussion 
in 36.101, ON/OFF masks for several different cases are defined, namely:

1. Single TTI

2. Intra-sub frame frequency hopping (applies to both sPUCCH and sPUSCH)

3. TTI transmission preceding SRS

4. TTI transmission succeeding SRS

5. TTI transmission preceding and succeeding SRS

6. TTI transmission preceding and succeeding SRS blanking

7. SRS transmission
All the above cases need to be investigated for sTTI. In addition to these above cases, ON/OFF masks for consecutive TTIs also need to be discussed, since there are cases when DMRS may be shared between two consecutive TTIs.

In RAN4#81, we have replied an LS to RAN1 related to ON/OFF mask design for sTTI [4]. The LS proposes possible values for the transient period in case of single sTTI and consecutive sTTI scheduling without frequency hopping.

In the following sections we discuss all these cases.
2.1 Single sTTI 
The first simple case is where there is nothing scheduled before and after the considered sTTI. The transient periods could then be outside the sTTI, as proposed in [4] and shown in Figure 1.
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Figure 1: Single sTTI
2.2 SRS transmission

The next following cases are when SRS signal is transmitted before (or after) the considered sTTI. Note that following masks would that be applicable in case of SRS blanking.
2.2.1 SRS without change of output power between sTTI and SRS
In this case, SRS is scheduled prior or after the considered sTTI, but there is no change in output power, as shown in Figure 2. The transient periods occur outside the SRS and sTTI.
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Figure 2: SRS prior (left) or after (right)  sTTI - without change of output power between sTTI and SRS
2.2.2 SRS with change of output power between sTTI and SRS
In this case, SRS is scheduled prior or after the considered sTTI, and the output power is changed between SRS and sTTI, as shown in Figure 3 and Figure 4. The transient period t2 before/after the SRS would occur during the first/last symbol of the considered sTTI; Depending on the priority to protect sTTI symbols, the symbol adjacent to SRS could be data (Figure 4) or DMRS (Figure 3).
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Figure 3: SRS prior (left) or after (right)  sTTI - with change of output power between sTTI and SRS
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Figure 4: SRS prior (left) or after (right)  sTTI - with change of output power between sTTI and SRS
2.3 Consecutive sTTIs
2.3.1 Not shared DMRS and sPUSCH

In the following cases, the consecutive sTTIs are not sharing the DMRS symbol.
2.3.1.1 No power change

For this simple case, there is no output power change in between the 2 consecutuve sTTIs. The transient periods occur only outside both sTTI, as shown in Figure 5.There is no transient period in between the 2 consecutive sTTIs.
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Figure 5: Consecutive sTTI with DMRS (left) or data (right) on the edge - without power change
2.3.1.2 Power change

In this case, at frame boundary for example, there would be output power change. The transient period in between the 2 consecutive sTTIs would be shared in between both sTTI to minimize impact as shown in Figure 6
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Figure 6: Consecutive sTTI with power change at frame boundary
2.3.1.3 Intra sub-frame frequency hopping

In this case, at slot boundary, there would be frequency hopping. The transient period in between the 2 consecutive sTTIs would be shared in between both sTTI to minimize impact as shown in Figure 7.
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Figure 7: Consecutive sTTI with frequency hopping at slot boundary
2.3.2 Shared DMRS and sPUSCH

DMRS symbol is shared in between the 2 consecutive sTTIs as shown in Figure 8. According to [5], there won’t be any output power change then. The transient period would then be only out of the considered and consecutive sTTIs.
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Figure 8: Consecutive sTTIs with shared DMRS symbol
3 Conclusion
In this contribution we investigated the different scheduling options when considering sTTI – 2 symbols feature and proposed potential ON/OFF mask to be specified accordingly. This should be shared with RAN1 to confirm the different alternatives and related choices made.
Regarding the transient time definitions, RAN4 would require more investigations before making any decision.
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