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1. Introduction
In 3GPP RAN1 #86bis meeting, agreements regarding sTTI structure and combinations of sTTI for DL and UL were listed below.
[bookmark: OLE_LINK10][bookmark: OLE_LINK11][bookmark: OLE_LINK6][bookmark: OLE_LINK7]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:
· For the combination of sTTI for DL and UL, RAN1 chooses one to be supported among the following alternatives.
· Alt 1. {2,2}, {7,7}
· Alt 2. {2,2}, {2,4}, {7,7}
· Alt 3. {2,2}, {2,7}, {7,7}
· Alt 4. {2,2}, {2,4}, {2,7}, {7,7}
· Note: {a,b} denotes {DL sTTI length, UL sTTI length}.
· Note: DL sTTI length is used for sPDCCH and sPDSCH.
· Note: UL sTTI length is used for sPUSCH and sPUCCH corresponding to sPDCCH and sPDSCH, respectively.
· RAN1 study the necessity of {2,14} and/or {7,14} 

In this contribution, first we discuss the design options for the structure of sTTI. Then we will discuss the issues in HARQ when shortened TTI is applied in CA.
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In this section, we will discuss the structure of UL sTTI. There are two questions in the design of UL sTTI structure.
· Whether the sTTI can span over the slot boundary?
If sTTI can span over the slot boundary, one OFDM symbol may be unused if 2-symbol sTTI and 1-slot sTTI are place on the same PRB within the same subframe. For not wasting the radio resource, 2-symbol sTTI and 1-slot sTTI can only be place on different PRBs within the same subframe. Figure 1 shows the example of multiplexing between 2 symbol and slot sTTIs when scan span over slot boundary. There are some unused resources because both 2-symbol sTTI and 1-slot sTTI are place on PRB #2. This means the coexistence between 2 symbol sTTI and slot-based sTTI is inefficient if sTTI can span over the slot boundary


[bookmark: _Ref465768273]Figure 1 Example of multiplexing of sTTIs when sTTI can span over slot boundary

· Whether the start of UL transmission of the sTTI can be delayed?
Delaying the transmission has two drawbacks. First, since additional signaling is used for indicating the delay to UE, the control overhead increases. In the design of the 2 symbol TTI, we should consider the solution which does not introduce additional overhead. Second, since the transmission can be delayed, the latency increase and this contradicts to the purpose for using 2 symbol sTTI.
Therefore, we have
Proposal 1. For 2 symbol UL sTTI, option 1a (without spanning over slot boundary) is preferred. , FFS for down-selection from alt1-alt3

3. Combination of sTTI for DL and UL
The necessity of 4 symbol UL TTI. 
The purpose of 4 symbol UL TTI is used to enhance the coverage of 2 symbol TTI. However, when coverage is an issue for an UE and the improvement is necessary, slot-based sTTI can be used. The coverage of using 4 symbol sTI is shorter than the case using slot symbol sTTI. Besides, the latency of using 4 symbol sTI is longer than the case using 2 symbol sTTI. Thus, for simplicity, we suggest to remove the 4 symbol UL sTTI. 

The necessity of {2, 7} 
To keep the possibility for improving the coverage, the combination {2, 7} is necessary.

The necessity of {2, 14} and {7, 14}
Since applying the combination {2, 14} would result in longer HARQ round trip time, the latency increase. This contradicts to the purpose for using 2 symbol sTTI. Since there is no coverage issue for slot-based sTTI, there is no necessity to support {7, 14}.

Proposal 2. For the combination of sTTI for DL and UL, Alt 3 is preferred.

4. CA issues
When shortened TTI is applied in carrier aggregation and the aggregated carriers can be configured with different sTTI length, there are two issues for transmitting DL HARQ ACK/NACKs. 
· Longer HARQ round trip time 
As shown in Figure 2, suppose the sTTI length of carrier 0 is seven and the sTTI length of carrier 1 is two. For the non-CA case, the ACK/NACKs of carrier 1 is fed back on sTTI n+4. For the CA case, suppose the ACK/NACKs of carrier 1 is fed back on carrier 0. Since the starting time of sTTI m+1 in carrier 0 is earlier than the starting time of sTTI n+4 in carrier 1, the ACK/NACKs of carrier 1 can only be fed back on sTTI m+2 in carrier 0. This leads to a longer HARQ round trip time and contracts to the purpose for latency reduction.


[bookmark: _Ref465860326]Figure 2 Issues on HARQ when the aggregated carriers are configured with different sTTI length


· Capacity for transmitting HARQ ACK/NACKs
As shown in Figure 3, , suppose the sTTI length of carrier 0 is seven and the sTTI length of carrier 1 is two. Suppose the ACK/NACKs of carrier 0 is fed back on carrier 1. Since the length of sTTI n+12 is very short, the capacity for transmitting HARQ ACK/NACKs may be insufficient when the number of UEs is large or the number of aggregated CCs is large.



[bookmark: _Ref465889534]Figure 3 Issues on HARQ capacity when the aggregated carriers are configured with different sTTI length

To solve the issues mentioned above, the ideals from Rel-12 dual connectivity and Rel-13 enhanced CA can be reused. For example, one can divide the CCs into two or several groups. The CCs in the same group are scheduled with the same sTTI length. HARQ ACK/NACKs of the CCs within the same group are transmitted in one of the CCs which belongs to the same group. In this way, the issues mentioned above can be solved.

Proposal 3. When the shortened TTI is applied in CA, the aggregated CCs can be divided into several groups. The CCs in the same group should have the same TTI length. 

Proposal 4. RAN1 studies the design of the groups. The designs can be based on Rel-12 dual connectively or Rel-13 enhanced  CA. 
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5. [bookmark: _Ref129681832]Conclusion
From above discussion, we have
Proposal 1. For 2 symbol UL sTTI, option 1a (without spanning over slot boundary) is preferred. FFS for down-selection from alt1-alt3
Proposal 2. For the combination of sTTI for DL and UL, Alt 3 is preferred.
Proposal 3. When the shortened TTI is applied in CA, the aggregated CCs can be divided into several groups. The CCs in the same group should have the same TTI length. FFS on the number of groups.

Proposal 4. RAN1 studies the design of the groups. The designs can be based on Rel-12 dual connectively or Rel-13 enhanced CA. 
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