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1 Introduction
According to WI [1] on “shortened TTI and processing time for LTE”, the following objective needs to be addressed in this WI:
· For frame structure type 1
· Specify support for a transmission duration based on 2-symbol sTTI and 1-slot sTTI for sPDSCH/sPDCCH 
· Specify support for a transmission duration based on 2-symbol sTTI, 4-symbol sTTI, and 1-slot sTTI for sPUCCH/sPUSCH 
· Down-selection is not precluded

In this contribution, we discuss about sTTI partition patterns for both uplink and downlink.
2 Discussion
2.1 Uplink sTTI partition
There are three different lengths of sTTI to be supported for sPUCCH/sPUSCH. For one-slot sTTI, a sTTI can exactly occupy first slot or second slot in a subframe, which does not across the slot boundary. According to [2], one-slot sTTI could use the legacy DMRS structure, where DMRS is located in the fourth symbol of the slot.

For 2-symbol sTTI and 4-symbol sTTI, it is necessary to consider the patterns of sTTI partition. In order to achieve effective and flexible resource utilization, it is better to allow multiplexing between different lengths sTTI in a subframe, for example in the different slots. Therefore, it is recommended that a sTTI is not placed across slot boundary. In addition, slot boundary alignment should be considered  for downlink sTTI as well .
Proposal 1: For both uplink and downlink, it is recommended that sTTI does not across slot boundary.
2-symbol sTTI for sPUSCH:
There can be two optional sTTI partition structures with slot boundary alignment for uplink 2-symbol sTTI.
· Option 1: Non-overlapped sTTI partitioning
A symbol in one slot is chosen as reserved resource for SRS or data transmission, and sTTIs could self-contain DMRS or share DMRS which is located before sTTI. An example is shown in figure 1, in each slot the last symbol is chosen as reserved resource and the length of the last sTTI extends to 3 symbols, the last symbol in first slot is used for data transmission and the last symbol in second slot is used for SRS transmission. Figure1 (a) shows a pattern that every sTTI self-contain DMRS. An alternative pattern is shown in figure 1 (b), sTTI#0-2 multiplex DMRS which is located at symbol#0 and sTTI#3-5 multiplex DMRS which is located at symbol#7. In the alternative pattern, the DMRS is located in the beginning of each slot, in order to enable early data processing. 
Patterns in figure 1(a) performs a good channel estimation but have a large overhead of DMRS, while patterns in figure 1(b) reduces the overhead of DMRS but the performance of channel estimation deteriorates in case of high UE speed and high MCS order. Therefore, in order to handle different schedule scenarios, the dynamic indication of DMRS symbol location for 2-symbol sPUSCH should be considered. The detailed method of indication is discussed in [3].
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Figure1: UL 2-symbol sTTI partition for option 1. R denotes DMRS symbol.
· Option 2: Overlapped sTTI partitioning
The first two sTTIs are overlapped and share the same DMRS symbol. Other sTTI can have self-contain DMRS or shared DMRS symbol where the DMRS is located as earlier as possible. As shown in figure 2 (a), sTTI#0 and sTTI#1 are overlapped and share the DMRS symbol in symbol#1, the same applies to the 2nd slot, other sTTIs within the subframe have self-contain DMRS. An alternative pattern is shown in figure 2 (b), where sTTI#0 and sTTI#1 are overlapped and sTTI#0-3 share the DMRS symbol in symbol#1, the same applies to the 2nd slot. Similar to option 1, the dynamic indication of DMRS symbol position should also be considered.
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Figure 2: UL 2-symbol sTTI partition for option 2. R denotes DMRS symbol.
Proposal 2: For uplink 2-symbol sTTI, new DMRS position should be defined and can be dynamically indicated by the eNB. 

4-symbol sTTI for sPUSCH:
For 4-symbol UL sTTI, a preferred partition design is shown in figure 3. In each slot, the two 4-symbol sTTI are overlapped and share the DMRS symbol in between. In this design, the slot boundary alignment is kept and the legacy DMRS position within the subframe is reused. .
In addition, for slot-level sTTI, it is straightforward that legacy DMRS position is reused 
Proposal 3: For uplink 4-symbol and slot-level sTTI, the legacy DMRS position is reused.
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Figure 3: UL 4-symbol sTTI partition. R denotes DMRS symbol.
2.2 Downlink sTTI partition
As discussed above, downlink sTTI partition also considers slot boundary alignment to allow multiplexing between 2-symbol sTTI and one-slot sTTI within a subframe. Therefore the design of 2-symbol sTTI partition should take the slot boundary alignment into account.
As shown in figure 4, there are three sTTIs in one slot. In addition, legacy PDCCH region usually takes 1-3th symbol in a subframe. In figure 4 case (a), the sDCI for sTTI#0 could be transmitted in legacy control region, or self-contained in the sTTI by sPDCCH. In figure 4 case (b) and (c), the sTTI#0 cannot be used and the sPDCCH for sTTI#1 can be transmitted in legacy control region, or self-contained in the sTTI by sPDCCH. In each slot, the last symbol is part of the last sTTI and the length of the last sTTI extends to three symbols.
Proposal 4: For downlink 2-symbol sTTI, the partition in figure 4 is supported. 
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Figure 4: DL 2-symbol sTTI partition.
3 Conclusion

In this contribution, the design of sTTI partition was provided. Based on the discussion, we have the following proposals:
 Proposal 1: For both uplink and downlink, it is recommended that sTTI does not across slot boundary.
Proposal 2: For uplink 2-symbol sTTI, new DMRS position should be defined and can be dynamically indicated by the eNB. 

Proposal 3: For uplink 4-symbol and slot level sTTI, the legacy DMRS position is reused.
Proposal 4: For downlink 2-symbol sTTI, the partition in figure 4 is supported. 
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