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1 Introduction

In the RAN#72 meeting, the Work Item on shortened TTI and processing time for LTE was approved [1]. 

For Frame structure type 1: [RAN1, RAN2, RAN4]

· Specify support for a transmission duration based on 2-symbol sTTI and 1-slot sTTI for sPDSCH/sPDCCH 

· Specify support for a transmission duration based on 2-symbol sTTI, 4-symbol sTTI, and 1-slot sTTI for sPUCCH/sPUSCH 

· Down-selection is not precluded

For Frame structure type 2: [RAN1, RAN2, RAN4]

· Specify support for a transmission duration based on 1-slot sTTI for sPDSCH/sPDCCH/sPUSCH/sPUCCH

In this contribution, we will analyze and give our views on sTTI length. 
2 Discussion on UL TTI lengths

According to the WI, UL sTTI is still not nailed down. In this section, we will analyze and give our proposals on UL sTTI length.

2.1 TTI length of sPUSCH
Since PUSCH TBS can be adjusted according to the UL channel state, the coverage for sPUSCH transmission can be assumed the same as that of legacy TTI. Therefore, TTI length of sPUSCH should be chosen mainly to reduce latency and improve user perceived throughput. Among three sTTI candidates, 2-symbol TTI and 4-symbol TTI for sPUSCH is preferable from latency and user perceived throughput perspectives. Furthermore, in order to keep UL single carrier property, method to reduce the UL DMRS overhead needs to be considered at least for sPUSCH with 2-symbol TTI. One possibility is that UL DMRS is shared among sPUSCH transmitted in multiple sTTIs. Given this possibility of UL DMRS overhead reduction, it can easily support both 2-symbol and 4-symbol sPUSCH.
Proposal 1: For sPUSCH, at least 2-symbol TTI and 4-symbol TTI are supported.
2.2 TTI length of sPUCCH

To achieve the lowest latency, 2-symbol sPUCCH should be supported. When UL single carrier property is kept for sPUCCH, it is difficult to support frequency hopping within a 2-symbol sPUCCH. It is noted that coverage is an important consideration for UL control channels. Therefore, it is necessary to support sPUCCH of a sTTI duration larger than 2 symbols, e.g. 4-symbol sPUCCH. With 4-symbol sPUCCH, frequency hopping can be supported which improves the sPUCCH coverage. Furthermore, due to higher transmission power with 4-symbol TTI compared to 2-symbol TTI, the sPUCCH coverage is further improved.  
Proposal 2: For sPUCCH, at least 2-symbol TTI and 4-symbol TTI are supported.
2.3 Different TTI lengths for UL and DL
The coverage of sPDSCH transmission is similar with that of legacy TTI transmission, assuming that the TBS is linearly scaled with the TTI length. Therefore, to reduce latency and improve user perceived throughput, 2-symbol sPDSCH should be chosen. Meanwhile, to guarantee enough UL coverage, sPUCCH with longer sTTI length may be required. Thus, it is reasonable to support the combination of sPUCCH TTI length larger than sPDSCH TTI length. 
Proposal 3: sPUCCH TTI length can be equal to or longer than sPDSCH TTI length.
3 Handling of small system bandwidth
Short TTI is not suitable for the system with smaller bandwidth.  The shorter the TTI, the larger bandwidth is needed to show the performance gain compared to existing 1ms TTI. For example, if system bandwidth is 6RBs and one CCE occupies 36REs, sPDCCH (PDCCH for short TTI) with CCE aggregation level 1/2/4/8 corresponds to 7%/14%/29%/57% of all REs in a 0.5ms TTI. For shorter than 0.5ms TTI, the percentage of RE occupied by sPDCCH can be larger. In addition, if frequency multiplexing between 1ms TTI and short TTI is supported, it is expected that less than 6 RBs can be available for short TTI when system bandwidth is 6RBs, the percentage of RE occupied by sPDCCH will be even larger. 

Considering larger PDCCH overhead and smaller TBS with lower coding gain, there therefore may be no performance gain and even negative gain introduced by short TTI.
Proposal 4: Short TTI is not supported for the system bandwidth smaller than xMHz. FFS on the value of x.
4 sTTI index within a subframe
To describe HARQ timing and scheduling timing conveniently, sTTI patterns and the sTTI index within a subframe should be defined. Since the number of legacy PDCCH symbols can be changed dynamically, if sTTI patterns are changed according to the number of legacy PDCCH symbols, too many sTTI definitions will be specified. Therefore, one sTTI pattern per UL/DL sTTI length is enough whatever how many legacy PDCCH symbols are configured. The proposed sTTI patterns with normal CP are shown in Figure 1-4. Note that the extended CP is intended for scenarios with particularly high delay spread such as very large rural cells. In last meeting, it was recommended to reduce the maximum TA for short TTI operation with processing time reduction compared to Rel-13 which means cell coverage will be reduced compared to Rel-13, so it is reasonable not to support extended CP for short TTI.
For UL 2-symbol based sTTI pattern, two possible options are given. For first option shown in Figure 2(a), the number of sTTIs within a subframe is same for UL and DL which makes simple HARQ timing and scheduling timing due to one-to-one linkage between UL and DL. For second option shown in Figure 2(b), no sPUCCH spans over slot boundary which may be beneficial to multiplex sPUCCH with PUCCH with slot hopping.
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Figure 1 DL 2-symbol based sTTI pattern
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Figure 2 UL 2-symbol based sTTI pattern
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Figure 3 UL 4-symbol based sTTI pattern 
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Figure 4 UL/DL 1-slot based sTTI pattern
Proposal 5: One sTTI pattern per UL/DL sTTI length and corresponding sTTI index within a subframe should be defined.
5 Conclusion

In this paper, some proposals on TTI lengths are given:
Proposal 1: For sPUSCH, at least 2-symbol TTI and 4-symbol TTI are supported.
Proposal 2: For sPUCCH, at least 2-symbol TTI and 4-symbol TTI are supported.

Proposal 3: sPUCCH TTI length can be equal to or longer than sPDSCH TTI length.
Proposal 4: Short TTI is not supported for the system bandwidth smaller than xMHz. FFS on the value of x.
Proposal 5: One sTTI pattern per UL/DL sTTI length and corresponding sTTI index within a subframe should be defined.
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