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1. Introduction

This contribution discusses our view in terms of sTTI lengths to be further considered in WI phase based on evaluation observations and potential specification impacts in FDD and TDD.  
2. sTTI length in FDD
Based on evaluation assumptions, many simulation results have been captured in TR 36.881 [1]. Though the results show somewhat different observations on performance benefit from shorter TTI due to different assumptions on control channel overhead and the scheduling restriction, overall, it can be shown that the gain from 14 OFDM symbol to 7 OFDM symbol is considerable in FDD cases where the gain ranges from around 20 % to 40% in light load case (20%) even with small packet size of 100 kbits. Also, the gain from 7 OFDM symbol length TTI to 3/4 OFDM symbol length TTI shows additional gain approximately 30% with 100 kbits file size in the lightly loaded case. By reducing it further to 2 OFDM symbol may bring some additional gain which can be seen from Figure 1. However, the results also show that performance loss is also expected in highly loaded case or large file size due to relatively large control overhead with shorter TTI length of 2 OS. For example, at least 2 results show that performance gain with 3/4 OS is higher than 2 OS in case high load is considered even with 100 kbits file size.
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Figure 1. UPT and Delay gain over different TTI length from multiple sources (100 kbits, 20% load)
In terms of specification impact, 7 OFDM symbol TTI length would lead the least specification impact if PUCCH intra-TTI hopping is not utilized. For 3/4 OFDM symbol case, for uplink, many aspects can be reused from the legacy design such as uplink DM-RS design, downlink DM-RS design by shifting DM-RS RE location. Whereas, 2 symbol case lead considerable impact including redesign of DM-RS in both uplink and downlink. For example, in downlink, as one of two OFDM symbol in each short TTI may include CRS, placing DM-RS together with CRS seems a bit challenging. In this sense, if two symbol TTI is considered, DM-RS may need to be placed in one symbol which then complicate the DM-RS design between DM-RS based control and data channel transmission. Furthermore, if DM-RS is located in the second OFDM symbol in the short TTI whereas control is transmitted in the first symbol, this would increase the control channel decoding latency and may complicate the overall design. Thus, supporting DM-RS based 2 symbol OFDM TTI length seems not easily straightforward and leads considerable specification impact. 
In this sense, we propose to consider 7, and 3/4 OFDM symbol short TTI length for the candidate lengths. 

Proposal 1: Based on performance gain and potential specification impacts, we propose to consider 7 OS and 4/3 OS for further specification in FDD. 

3. sTTI length in TDD

We have analysed different TTI length in different simulation sets to understand potential gains with latency reduction in TDD by short TTI as mentioned in our companion contribution [2]. 

In TDD, different from FDD case, the latency between DL to UL or UL to DL is important as channels of downlink and uplink have tight correlation and dependency each other to contribute in latency. As discussed in our companion contribution [2], with assumption of 4 * TTI between UL grant and PUSCH, and between PDSCH and HARQ-ACK transmission, it seems 2 OFDM symbol length TTI would be a good candidate if we consider only one GP in a subframe and additional subframe type is considered. However, if additional subframe type is not considered and current DL/UL configuration is kept, the performance of 3/4 OFDM symbol is better than that of 2 OFDM symbol TTI length. In fact, 7 OFDM symbol TTI length case shows the best performance in Set 3. 
As mentioned for FDD, specification of 2 OFDM symbol TTI would lead considerable specification impact. Furthermore, 2 symbol case would bring additional gain only when additional subframe type is considered. However, applying additional subframe type in TDD is very challenging considering impacts on legacy UEs and interference to neighboring cells. Particularly, aligning DL/UL configuration including additional type among neighbour cells could be very challenging as each cell would have different traffic ratio from legacy UEs and latency reduction supporting UEs. In this sense, if additional subframe type is considered, some mechanisms to dynamically apply additional subframe type seems necessary, which requires necessary interference mitigation/coordination techniques. Thus, to really understand the benefit of additional subframe type, proper evaluation in consideration of inter-cell interference handling should be performed, and it is premature to conclude that whether it is beneficial to introduce additional subframe type with 2 OS. 
In this sense, we prefer to keep legacy TDD DL/UL configuration, and may consider the same set of TTI length for FDD in TDD as well.  
Proposal 2: The benefits of additional subframe type should be considered with necessary investigation on inter-cell interference handling and impacts on legacy UEs. 

Proposal 3: When DL and UL portions are kept according to legacy TDD DL/UL configuration (including eIMTA reconfiguration), the same set of OFDM symbol TTI lengths for FDD can be considered for TDD.

4. Conclusion
This contribution proposed the followings. 
Proposal 1: Based on performance gain and potential specification impacts, we propose to consider 7 OS and 4/3 OS for further specification in FDD. 

Proposal 2: The benefits of additional subframe type should be considered with necessary investigation on inter-cell interference handling and impacts on legacy UEs. 

Proposal 3: When DL and UL portions are kept according to legacy TDD DL/UL configuration (including eIMTA reconfiguration), the same set of OFDM symbol TTI lengths for FDD can be considered for TDD.
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