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1 Introduction
As discussed in RAN1#86bis, the following agreements were reached [1]:
Agreement:

· For 7-symbol TTI, the following sTTI structure is supported for  UL
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Agreement:
· If 4-symbol UL sTTI is supported, the following sTTI structure is adopted:
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Agreement:
· For 2-symbol TTI, RAN1 will down-select UL sTTI structure among the following options:

· Option 1: fixed sTTI structure 
· The data symbol(s) for sPUSCH are confined within a sTTI. Note that the DMRS for one sTTI may be placed within or outside the sTTI.

· Option 1a: without spanning over slot boundary

· The presence (if any) and the position of the UL DMRS is given by the UL grant, 

· If the UL DMRS is present it can be positioned before, within or after the sTTI

· Considered sTTI patterns in OFDM symbols per subframe

· Alt1: (2, 2, 3, 2, 2, 3)

· Alt2: (3, 2, 2, 2, 2, 3)

· Alt3: (3, 2, 2, 3, 2, 2)

· Option 1b: a sTTI can span over slot boundary

· Considered sTTI patterns in OFDM symbols per subframe

· Alt1: (2, 2, 2, 2, 2, 2, 2)

· Option 2: fixed nominal sTTI starting points and a possibility to delay the start of the transmission by N symbols with an indication in the UL grant 

· The presence (if any) and the position of the UL DMRS is given by the UL grant, 

· If the UL DMRS is present it can be positioned before, within or after the sTTI 

· The nominal sTTI starting point is determined by n+k processing time and DL sTTI structure
Agreement:

· The DL sTTI length of a UE is configured by RRC signaling.

· FFS on whether different DL sTTI lengths for a given UE can be configured for different serving cells or not.
In this contribution, we discuss about sTTI partition patterns for both uplink and downlink.
2 Discussion
2.1 Uplink 2os sTTI partition
As agreed RAN1#86bis, there are two optional sTTI structures for uplink 2-symbol sTTI.
· Option 1: fixed sTTI structure
If fixed sTTI structure is supported, 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 does not span across slot boundary. 
Proposal 1: If fixed uplink sTTI structure is supported, it is recommended that a UL sTTI does not span across slot boundary.
Alt1 (2, 2, 3, 2, 2, 3) and Alt2 (3, 2, 2, 2, 2, 3) could be considered and the last symbol can be reserved for SRS transmission, if SRS is configured. However, in Alt 3, in a SRS subframe, the last sTTI with only one symbol cannot have self-contained DMRS due to single carrier constraint and has to share the DMRS with previous sTTIs, which may result in degraded performance in high speed scenario. Therefore, Alt 3 is not preferred. 
An example of Alt1 is shown in figure 1, the last symbol in first slot is used for data transmission and the last symbol in second slot may be used for SRS transmission. Figure 1 (a) shows a pattern that every sTTI have their 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 reduce the DMRS overhead and 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 [2].
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Figure 1: Fixed structure of Alt1 for UL 2-symbol sTTI. R denotes DMRS symbol.
An example of Alt2 is shown in figure 2, the last symbol in first sTTI within first slot is used for data transmission and the last symbol in second slot may be used for SRS transmission. The DMRS patterns are similar to Alt1 as discussed above.
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Figure 2: Fixed structure of Alt2 for UL 2-symbol sTTI. 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. 
· Option 2: fixed nominal sTTI starting points and a possibility to delay the start of the transmission by N symbols with an indication in the UL grant
As shown in figure 3, assuming the UL grant in DL sTTI#0 will schedule the UL symbol#6/7 according to n+k processing time and UL symbol#6 is the fixed nominal sTTI starting point, but the first slot is already scheduled by previous UL grant, therefore the start point has one symbol delay which is indicated by UL grant. This dynamic sTTI structure adjusts sTTI positions with symbol level according to scheduling requirements. However, it is not clear how the nominal starting position is derived, without a predefined sTTI partitioning, since it is not expected to have the symbol level granularity in the UL scheduling timing design.  The issue as shown in figure 3 could possibility avoided by defining the sTTI pattern properly even with the fixed pattern. Given that the scenario is not clear and the potential additional complexity, it is not prefer to adopt option 2. 
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Figure 3: dynamic sTTI structure

Proposal 3: The fixed UL sTTI structure should be supported, with either Alt 1 (2, 2, 3, 2, 2, 3) or Alt 2 (3, 2, 2, 2, 2, 3).
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. CSI-RS pattern is another aspect considered for DL sTTI structure. As shown in figure 4, in order to achieve accurate interference measurement based on ZP CSI-RS, a CIS-RS pair is better to be contained in one sTTI. 
Proposal 4: For downlink 2-symbol sTTI, it is recommended that sTTI does not across slot boundary.
Proposal 5: For downlink 2-symbol sTTI, the potential CSI-RS pair positions are not across the sTTI boundary.
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Figure 4: CSI-RS pattern
There are two optional sTTI partition structures proposed for downlink 2-symbol sTTI in RAN1#86bis [1]. Based on the discussion above, the promising sTTI structures are given as following.
· Fixed pattern
Legacy PDCCH region usually takes 1-3rd symbol in a subframe. An example of fixed pattern is shown in figure 5, the lengths of first two sTTIs are fixed to 2os irrespective to the number of symbols for legacy PDCCH region. In figure 5 case (a), the sDCI for sTTI#0 could be transmitted in legacy control region, or self-contained in the sTTI by sPDCCH. In figure 5 case (b) and (c), the sTTI#0 is not available for sPDSCH transmission 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.
Fixed pattern will cause some orphan symbol sTTIs, e.g., sTTI#0 in figure 5(a) and sTTI#1 in figure 5(c). For orphan symbol sTTI, less available resource can be used for data transmission, and potentially require new DMRS design, thus should be avoided. It is observed that all the alternatives in fixed pattern family has the orphan symbol sTTI issue, thus it is not preferred to support the fixed pattern. 
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Figure 5: Fixed pattern for DL 2-symbol sTTI.
· adaptive pattern
For adaptive pattern, the lengths of first two sTTIs are adaptive to legacy PDCCH region. As shown in figure 6, this sTTI structure adjusts the length of sTTI to avoid the appearance of orphan symbol sTTI. Except the first two sTTIs (first 5 symbols), the other sTTI structures are not adapted. The adaptive pattern can avoid the orphan symbol sTTI issue so is preferred for DL 2-symbol sTTI structure. It is an agreement that the DL sTTI length of a UE is configured by RRC signaling. The sTTI pattern can also be RRC configured. Alternatively, the sTTI pattern can be implicitly derived if the RRC parameter for PDSCH starting symbol is provided. The sTTI pattern should not be linked to the L1 CFI value due to the reliability issue for PCFICH detection in some scenarios, e.g. on Scell in HetNet scenario. 
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Figure 6: Adaptive pattern for DL 2-symbol sTTI partition.
Proposal 6: For downlink 2-symbol sTTI, the adaptive pattern is supported.
Proposal 7: The 2-symbol sTTI pattern is RRC configured explicitly or implicitly. 
3 Conclusion

In this contribution, the design of sTTI partition was provided. Based on the discussion, we have the following proposals:
Proposal 1: If fixed uplink sTTI structure is supported, it is recommended that UL 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: The fixed UL sTTI structure should be supported.
Proposal 4: For downlink 2-symbol sTTI, it is recommended that sTTI does not across slot boundary.
Proposal 5: For downlink 2-symbol sTTI, the potential CSI-RS pair positions are not across the sTTI boundary.
Proposal 6: For downlink 2-symbol sTTI, the adaptive pattern is supported.
Proposal 7: The 2-symbol sTTI pattern is RRC configured explicitly or implicitly. 
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