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1. Introduction

In RAN1#83, the study of latency reduction has stated and there are lots of discussions on the design of TTI shortening [1]. In this meeting, the discussion on the detail design and comparison of different schemes will continue. We will provide some general considerations on the design of TTI shortening. 
2. Discussions on the design of TTI shortening
2.1 Multiplexing of legacy TTI and short TTI

The new design of short TTI should ensure the backward compatible with legacy 1ms TTI which means short TTI and legacy TTI could work in in-band mode. There are several options for in-band operation. They are time division multiplexing (TDM), frequency division multiplexing (FDM) and embedded multiplexing. These methods have been discussed a lot in many documents. 
As for the design of TDM, some subframes are used as short TTI while other subframes are used as legacy TTI. Obviously, there are several problems for TDM. First, the effect of latency reduction is limited. Since some subframes are used as legacy TTI, the overall latency is increased. Secondly, the portion of short TTI and legacy TTI is not easy to fix. With more subframes are used as legacy TTI, the latency will unavoidable increase. While with the increase of short TTI, the performance of legacy UE will be degraded. Therefore, TDM is not a good way for the use of short TTI.
FDM is a better way for the use of short TTI. FDM will use some frequency resources directly as short TTI mode. In the frequency of TTI shortening mode, each TTI is fixed as several OFDM symbols, such as 1/2/3/4/7. FDM mode could effectively avoid the problems of TDM mode. Besides, with fixed frame structure, control channel, reference signal and HARQ is relatively easy to design.
Embedded multiplexing can provide the maximum flexibility for TTI shortening. In order to support short TTI starting at any symbols, a self-contained scheduling design is required and UE should make blind detection at some symbols. Besides, the complexity of HARQ design will also increase.
Proposal 1: Frequency division multiplexing should be used for the design of TTI shortening.
The design of TTI shortening for TDD should be noted. The HARQ design of TDD is different from FDD. With FDM, the RTT of FDD could decrease linearly with TTI length. However, if short TTI of TDD wants to operate with legacy TDD configuration under the constraint of no guard band, the HARQ design for TDD can’t achieve the same flexibility as FDD. The reason is that the uplink resource of TDD is limited. The feedback of short TTI has to follow the uplink of legacy TDD configuration to avoid the UL-DL and DL-UL interference. To further reduce the latency of TDD, some new technologies, such as self-contained uplink and downlink subframe, should be considered. 
Proposal 2: To further reduce the latency of TDD, some new technologies should be considered.

2.2 Number of symbols in one short TTI
Based on the latest discussion, the number of symbols in one short TTI is mainly focus on 1/2/3/4/7 symbols. Short TTI length can directly bring low latency. However, with the decrease of TTI length, the overhead will also increase. When we choose the number of symbols in one TTI to specify, there are several key factors should be considered. They are overhead, throughput gain, specification effect and achievable minimum latency. Obviously, with the decrease of TTI length, overhead will increase linearly.
In contribution [2], there is a UPT comparison between different TTI lengths. 3 or 4 symbols TTI length provides the largest UPT gain. The UPT gain of 7 symbols TTI length is about 30%. Due to the overhead, the UPT gain of 1/2 symbols TTI length is about 40%.
When we investigate the complexity of specification changes for TTI shortening, the impact of scheduling and reference signal should be considered. 7 symbol TTI lengths could reuse the legacy PDCCH/ePDCCH design as much as possible. Besides, the reference signal design could be totally reused while only the supporting layers of downlink will be reduced. Comparing with the design of 7 symbols, more specification changes are required to support 3/4 symbols TTI lengths. According to the discussion in contribution [3], uplink reference signal could be reused, while the downlink reference signal, downlink and uplink control channel should redesign. To support 1/2 symbols TTI lengths, both the uplink and downlink reference signal and control channel should be redesigned. Generally, with the decrease of TTI length, specification effect will also increase.
Table 1 gives a brief comparison with different TTI lengths. Comparing with 3/4 symbols TTI length, 1/2 symbols TTI length need higher overhead and achieve lower UPT gain. Besides, the UPT gain of 1/2 symbols TTI lengths over 7 symbols TTI length is limited. Therefore, without clear latency requirement, it is not necessary to introduce 1/2 symbols TTI length. 
Proposal 3: It is proposed to specify 3/4/7 symbols TTI length. The necessity of 1/2 symbols TTI length needs FFS.

Table 1 Comparison with different TTI lengths
	TTI length
	UPT gain
	overhead
	Specification effect

	7symbols
	middle
	middle
	low

	3/4symbols
	high
	middle
	high

	1/2symbols
	middle
	high
	high


3. Conclusion
In this contribution, we provide some discussions on the design of TTI shortening. Some proposals are given. They are:
Proposal 1: Frequency division multiplexing should be used for the design of TTI shortening.
Proposal 2: To further reduce the latency of TDD, some new technologies should be considered.

Proposal 3: It is proposed to specify 3/4/7 symbols TTI length. The necessity of 1/2 symbols TTI length needs FFS.
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