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1 Introduction

In RAN#72, a new work item on shortened TTI and processing time for LTE[1] was agreed. 

	The objective of this work item is to specify shortened TTI operation and shortened processing time for both legacy (1ms) TTI and shortened TTI. The specified solution should cover the case of carrier aggregation and non-carrier aggregation. Aim for a similar design as possible independent of frame structure.

The detailed objectives are:

For Frame structure types 1, 2 and 3 for legacy 1 ms TTI operation: [RAN1, RAN2, RAN4] (until RAN1#88)

· Specify support for a reduced minimum timing compared to legacy operation according to [2] between UL grant and UL data and between DL data and DL HARQ feedback for legacy 1ms TTI operation, reusing the Rel-14 PDSCH/(E)PDCCH/PUSCH/PUCCH channel design [RAN1, RAN2]

· This applies at least for the case of restricted maximum supported transport block sizes for PDSCH and/or PUSCH when the reduced minimum timing is in operation, and if agreed by RAN1 for the case of unrestricted maximum supported transport block sizes. 

· Specify support for a reduced maximum TA to enable processing time reductions

· Note that the size of the reduction in minimum timing may be different between UL and DL cases.

· Study any impact on CSI feedback and processing time, and if needed, specify necessary modifications (not before RAN1 #86bis)

· Study and specify, if agreed by RAN1, asynchronous HARQ for PUSCH with reduced processing time [RAN1, RAN2]

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

· Study any impact on CSI feedback and processing time, and if needed, specify necessary modifications (not before RAN1 #86bis)

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

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

· Study any impact on CSI feedback and processing time, and if needed, specify necessary modifications (not before RAN1 #86bis)

Follow the recommendation made in [2] when specifying for support of transmission duration based on 2-symbol sTTI, 4-symbol sTTI, and 1-slot sTTI.
The work item should also specify base station and UE core requirements to support the above features [RAN4]
Note: The specified solutions shall preserve backwards compatibility, thus allowing operation of pre-Rel-14 UEs on the same carrier.
Note: There is no change to the system information, paging and random access procedure by this work item


In this contribution, we discuss the design of sPUCCH for 2-symbol sTTI, 4-symbol sTTI, and 1-slot sTTI. 
2 Discussion
2.1 1-slot  sPUCCH

In case of 1-slot sTTI，there are two options to design the TTI length of sPUCCH as follows：
· Option 1: The current legacy PUCCH design can be reused as being shown in figure 1(a).
· Option 2: Intra-TTI hopping can be supported for sPUCCH to exploit frequency diversity, one possible example is shown in figure 1(b)
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figure 1 1-slot sPUCCH structure
Option 1 may be the simplest solution with minimal specification impact. Without intra-TTI hopping, for HARQ-ACK response, the structure of PUCCH format 1a, 1b, 3, 4 or 5 in each slot can be reused. For CSI, the structure of PUCCH format 2, 2a and 2b in each slot can be reused. In Option 2, frequency hopping is applied between “short slots” hence maintaining frequency diversity similarly as the legacy PUCCH formats. It is beneficial to adopt intra-TTI frequency-hopping for sPUCCH, so the intra-TTI frequency hopping should be supported in 1-slot sPUCCH.
Proposal 1: The intra-TTI frequency hopping could be considered in 1-slot sPUCCH.
2.2 4-symbol sPUCCH

In case of 4-symbol sPUCCH, there are two options as being shown in figure 2. 
· Option 1: Figure 2(a) is an example without Intra-TTI hopping. The first and fourth symbol are RS symbols, and the two symbols between the RS symbols are data symbols. For a UE, RS in the fourth symbol is shared by sTT0 and sTTI1, and RS in the eleventh symbol is shared by sTT2 and sTTI3. For 2 different UEs, two RSs with different CSs can be placed in the same symbol.
· Option 2: Figure 2(b) is an example with intra-TTI frequency hopping. With this structure, intra-TTI frequency-hopping can maintain frequency diversity. On the other hand, there is only one RS symbols in every side of the sPUCCH frequency band for a UE, so the channel estimation performance will be  degraded.
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figure 2  4-symbol sPUCCH structure
In option 1, OCC and spreading can be reused from legacy PUCCH formats. And there are two RS symbols in every sPUCCH frequency band, so it can get better channel estimation performance. In option 2, intra-TTI frequency-hopping can improve PUCCH performance, as discussed in [2].
These two methods have their own advantages and disadvantages, so it is necessary to carry out further simulation and analysis in order to facilitate the comparison. Therefore, the structure of 4-symbol sPUCCH should be further studied.
Observation 1: The structure of 4-symbol sPUCCH should be further studied.
2.3 2-symbol sPUCCH

As discussed in [3], for 2-symbol PUCCH, a simple structure is shown in Figure 3, following the existing principle that one symbol is PUCCH DMRS and the other symbol is control part of PUCCH. To keep the single carrier property in UL, intra-TTI hopping cannot be configured for 2-symbol sPUCCH. However, the coverage of 2-symbol sPUCCH may be reduced. Therefore the 2-symbol TTI can only be configured for UEs in cell center. 
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figure 3  2-symbol PUCCH structure 
For a 2-symbol TTI sPUCCH, because there is only one DMRS symbol in every sTTI, the reduction in coverage is inevitable and may become worse when channel estimation is considered. The structure of 2-symbol sPUCCH and the methods to enhance the performance of 2-symbol sPUCCH should be further studied.
Observation 2: The structure of 2-symbol sPUCCH and the methods to enhance the performance of 2-symbol sPUCCH should be further studied.
3 Conclusion

In this paper, we discuss PUCCH design for short TTI and give our proposal:

Proposal 1: The intra-TTI frequency hopping could be considered in 1-slot sPUCCH.
Observation 1: The structure of 4-symbol sPUCCH should be further studied.
Observation 2: The structure of 2-symbol sPUCCH and the methods to enhance the performance of 2-symbol sPUCCH should be further studied.
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