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1. Introduction
At the RAN1#84bis meeting, sPDCCH design was extensively discussed, and the following agreements were achieved [1].
	Working Assumption: 

· 1-OFDM-symbol sTTI length will not be further studied


In this contribution we present our views regarding sTTI length(s) for potential specification work.
2. Views on possible lengths of short TTI
In this study item, the short-TTI length of 1/2/3/4/7 symbols have been studied so far, and it was agreed in RAN1#84bis as a working assumption that 1-symbol short-TTI will not be further studied. According to the summary of the evaluation campaign [2-3], it is revealed that as the TTI-length shorter, the higher latency reduction gain is likely to be achievable. There is a possible concern that latency reduction gain and/or throughput gain is/are not visible if the TTI-length is too short (e.g., 1-symbol or 2-symbol) because of the control channel/RS overhead. However, the overhead for the short-TTI will not be the concern as long as dynamic change of TTI length per subframe basis for one UE is enabled; short-TTI is used only for TCP slow-start phase to offer low latency, while after that phase legacy-TTI can be used to increase data rate. The concern for shorter-TTI length should not be the overhead increase, but should be the specification impact, implementation effort, and limitation on deployment scenario. 
7-symbol short-TTI and 3/4-symbol short-TTI could re-use some parts of the legacy mechanisms. For example, for sPUSCH, legacy UL DMRS positions can be kept for both short-TTIs, which is beneficial for both less specification impact and for avoiding inter-cell interference. sPUSCH and legacy PUSCH in neighboring cells would naturally interfere each other. Since UL DMRS is designed to randomize the inter-cell interference very well in synchronous network since Release 8, the randomization effect is better to be ensured, not only for short-TTI UEs but also for legacy TTI UEs operated in neighboring cells. Another example is CRS-based demodulation for sPDSCH in case of DL short-TTI. With the 7-symbol short-TTI, CRS antenna ports #0-#3 are equally included in all the short-TTIs and hence there would be no difference in channel estimation (or sPDSCH demodulation) performance/implementation. Similarly, with the 3/4-symbol short-TTI, CRS antenna ports #0-#1 are equally included in all the short-TTIs and hence at least for the case of 2 CRS antenna ports the same channel estimation (or sPDSCH demodulation) performance/implementation can be ensured. Although exact channel estimation algorithm is totally up to UE implementation, equally distributed CRS REs among all the short-TTIs would be helpful to make sure that sPDSCH (and sPDCCH) on any short-TTI position can have similar performance.
Another aspect is implementation effort. In order to achieve benefit from TTI shortening, it is essential to implement faster processing such that latency is reduced compared to legacy TTI. As the TTI length shorter, implementation becomes more challenging. Therefore, the TTI length becomes shorter, the probability that the shorter TTI can be operated would be smaller.
As the TTI length shorter, the applicable scenario is further limited because of the UL link-budget loss. Especially, 2-symbol (and of course 1-symbol) sPUCCH cannot support either intra-TTI frequency-hopping or coherent detection using DMRS and data symbols. With 7-symbol and 4-symbol sPUCCH (assuming DMRS sharing), both of these mechanisms can be supported. Therefore, there would be a big gap between applicable scenarios of 7/4-symbol sPUCCH and 2/1-symbol sPUCCH.

Taking into account the above discussions, we recommend to support 3/4-symbol short-TTI and 7-symbol short-TTI as the first version of TTI shortening. Prioritizing the sTTI length options is beneficial not only for reducing the work load, but also for pursuing good designs within a limited time. Then, 2-symbol short-TTI and 1-symbol short-TTI could be considered as the next version of TTI shortening in LTE evolution.
Observation:
· It is recommended to support 3/4-symbol short-TTI and 7-symbol short-TTI.
· 2-symbol short-TTI and/or 1-symbol short-TTI could be future enhancement in LTE evolution.
Following is the image of 3/4-symbol and 7-symbol short-TTI operations. Possible detailed channel designs are further discussed in our companion papers [4-7].
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(a) 3/4-symbol short-TTI.
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(b) 7-symbol short-TTI.

Fig. 1
Recommended short-TTI designs.
3. Conclusion
In this contribution we presented our views regarding recommended short-TTI lengths and reached following observation.
Observation:

· It is recommended to support 3/4-symbol short-TTI and 7-symbol short-TTI.
· 2-symbol short-TTI and/or 1-symbol short-TTI could be future enhancement in LTE evolution.
References
[1] 3GPP RAN1#84bis Chairman’s note.

[2] R1-163866, “Text proposal on findings from the system level evaluation of latency,” Ericsson.
[3] R1-163826, “Text proposal on system level results for latency reduction,” Ericsson.
[4] R1-165209, “sPDCCH for shortened TTI,” NTT DOCOMO, INC.
[5] R1-165210, “sPDSCH for shortened TTI,” NTT DOCOMO, INC.
[6] R1-165211, “sPUSCH for shortened TTI,” NTT DOCOMO, INC.
[7] R1-165212, “sPUCCH for shortened TTI,” NTT DOCOMO, INC.
- 1/3 -

