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1. Introduction

In RAN1#84bis, some agreements have been achieved for the design of latency reduction in [1].These agreements have given a clear guideline for the later specification works. In this meeting, the discussions on the design of different channels will continue and we will provide some considerations on the design of supporting sTTI length(s), reference signal and control channel. 
2. Discussions on the design of supporting sTTI length(s)
Based on the simulation results and analysis, the trend of shortening TTI is the shorter the TTI length, the larger the UPT gain, under the same portion of overhead assumption. In LTE system, the extreme case for shortening TTI is 1os. However, due to the large overhead, in last meeting, it has concluded that 1os sTTI length will not be further studied. The later works will focus on the design of 2os, 3/4os and 7os. According to the discussion in RAN1#84, it has been agreed that TTI length for DL and UL can be different. If cross bundling for different TTI length is supported, like 2os downlink TTI with 3/4os uplink TTI etc, the number of combinations for downlink sTTI and uplink sTTI is also large. Therefore, it is better to give a down selection for the combinations for downlink sTTI and uplink sTTI.
As for 2os sTTI, it can bring the maximum UPT gain under reasonable overhead with carefully control channel design. Obviously, the specification works for 2os is larger comparing to other sTTI lengths. However, considering the UPT gain and some possible extreme requirements on low latency, the combination of downlink and uplink 2os should be supported. For other combinations for 2os, there are not many discussions and simulation results and it is better FFS.
In [2], it was suggested that only uplink 3/4os should be supported. The benefit for supporting both uplink and downlink 3/4os is simple HARQ design. If only uplink 3/4os is supported, the number of supporting combinations for different sTTI length could be reduced. However, the uplink 3/4os have to bundling other downlink sTTI lengths. Then, the HARQ design and UL grant will become complex. 
Comparing with legacy 1ms TTI, 7os TTI could also bring obvious UPT gain. 7os could reuse legacy reference signal and the mainly specification works are the design of control channel. If 3/4os is specified, the control channel design of 7os could reuse the design of 3/4os with some additional work on DCI. Therefore, 7os TTI on both uplink and downlink is proposed to support.
In general, 2os, 3/4os and 7os could bring obviously UPT gain. If 2os, 3/4os and 7os is to be specified either in downlink or uplink, it is better to first specify paired downlink and uplink 2os, 3/4os and 7os. If other combinations are to be specified, like 2os downlink and 3/4os uplink, the numbers of combinations should be limited. The exactly combination(s) should be FFS.
Proposal 1: Paired 2os, 3/4os and 7os should be specified and other combinations could be FFS. 
3. Reference signal design
The design of legacy reference signal is to ensure 1ms TTI transmission. If sTTI is used, like 2os, there will be no reference signal in many sTTI. As shown in Fig.1, for 2os TTI, there are not CRS in sTTI2, sTTI5 and sTTI7. The same problem will also occur for DMRS. As shown in Fig.2, there are no reference signals in sTTI1, sTTI2, sTTI5, sTTI6. If there are no reference signal distribution in current TTI, only previous reference signal could be used to make channel estimation and demodulation. Obviously, the performance of sTTI without reference signal will be worse than sTTI with reference signal. Especially for the high speed case, the performance difference will become larger due to the fast channel time variance. For DMRS, there are no reference signal in sTTI1 and sTTI2. This means that without additional reference signal, sTTI1 and sTTI2 could not make channel estimation and demodulation. Therefore, it is unavoidable to add reference signal for 2os sTTI.
Proposal 2: both CRS and DMRS should consider increasing density to support 2os sTTI.
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Figure 1 CRS distribution
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Figure 2 DMRS distribution

4. Control channel design

Considering the backward compatible constraint, the complexity of blind detection (BD) of (s)PDCCH should keep at the same level as legacy (e)PDCCH. With the reduce of sTTI length, if the scheduling users and granularity per sTTI keeps the same level as legacy PDCCH, the requirements for UE BD will increase linearly. Especially, for 2os sTTI, the overhead will also become huge to support too many users transmission in one sTTI. It is natural to limit the maximum scheduling user numbers per sTTI. With the limitation of scheduling users number per sTTI, scheduling granularity per UE should also increase, like 10 or 20 PRB. In order to further decrease the UE BD complexity, the available bandwidth for sTTI could be divided into several fixed location and only location number needs to be indicated to UE per sTTI. 
Proposal 3: For different sTTI length, minimum scheduling PRB number per UE could be considered.
5. Conclusion
In this contribution, we provide some discussions on the design of channel design for latency reduction. Some proposals are given. They are:
Proposal 1: Paired 2os, 3/4os and 7os should be specified and other combinations could be FFS. 
Proposal 2: both CRS and DMRS should consider increasing density to support 2os sTTI.
Proposal 3: For different sTTI length, minimum scheduling PRB number per UE could be considered.
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