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Introduction
[bookmark: _Ref398821160]In RAN#67, the study of LTE network latency reduction of LTE was approved [1].  The objective of this study item is: 
· Study enhancements to the E-UTRAN radio system in order to: 
· Significantly reduce the packet data latency over the LTE Uu air interface for an active UE
· Significantly reduce the packet data transport round trip latency for UEs that have been inactive for a longer period (in connected state).  
· The study area includes resource efficiency, including air interface capacity, battery lifetime, control channel resources, specification impact and technical feasibility. Both FDD and TDD duplex modes are considered. 
· As first aspect, potential gains like reduced response time and improved TCP throughput due to latency improvements on typical applications and use cases are identified and documented. In this evaluation RAN2 may assume latency reductions due to protocol enhancements as well as shortened TTIs. In conclusion, this aspect of the study is supposed to show what latency reductions would be desirable [RAN2]. 
· As second aspect,  the following areas should be studied and documented:
· Fast uplink access solutions [RAN2]:
· for active UEs and UEs that have been inactive a longer time, but are kept in RRC Connected, focus should be on reducing user plane latency for the scheduled UL transmission and getting a more resource efficient solution with protocol and signaling enhancements, compared to the pre-scheduling solutions allowed by the standard today, both with and without preserving the current TTI length and processing times;
· From RAN1#83: TTI shortening and reduced processing times [RAN1]:
· Assess specification impact and study feasibility and performance of TTI lengths between 0.5ms and one OFDM symbol, taking into account impact on reference signals and physical layer control signaling 
· backwards compatibility shall be preserved (thus allowing normal operation of pre-Rel 13 UEs on the same carrier);
In this paper, we discuss the design of sPUCCH for shortened TTI.  
Discussion
To support shortened TTI transmission, new PUCCH formats are needed for the transport of HARQ-ACK, P-CSI, and SR information.  Since the rate matching and RE mapping of PUCCH format 4/5 can be employed for any time-domain and frequency-domain resource size based on PUSCH structure. sPUCCH can directly reuse the same rate matching and RE mapping of PUCCH format 4/5 based on sPUSCH structure for a shortened TTI (for short, we call this sPUCCH as PUCCH format 4/5 based sPUCCH in the following content). To support multiplexing multiple UEs in the same frequency resource, frequency-domain OCC as defined for PUCCH format 5 can be reused as well. This, however, will require the DMRS design of sPUCCH to make sure there will be even number of sub carriers used for data transmission within the frequency resource, so as to support length of 2 OCC. To increase the multiplexing capacity in the same resource, longer OCC in frequency domain can also be considered.
Proposal 1: The design of sPUCCH can reuse the same mechanism of rate matching, RE mapping and frequeny domain spreading of PUCCH format 4/5. 

Similar to PUCCH format 4/5, UCI combination such as HARQ-ACK+ P-CSI (if any)+SR (if any), and P-CSI +SR (if any) can be supported by using PUCCH format 4/5 based sPUCCH. Dynamic HARQ-ACK codebook and/or fixed HARQ-ACK codebook can be considered for sPUCCH. Additionally, only PUCCH format 4/5 based sPUCCH format can be used for UCI transmission in a shorten TTI case.  Any legacy PUCCH formats are  not compatible with shorten TTI. If there is only positive SR transmission, PUCCH format 4/5 based sPUCCH can also be used with a more suitable channel coding for smaller payloads. For example,  the repetition coding or other block code could be used for SR channel coding.. For HARQ-ACK and/or P-CSI transmission, repetition coding and RM coding can also be considered if the payloads are small.
Proposal 2: Single type UCI transmission and UCI combination similar as PUCCH format 4/5 should be supported on PUCCH format 4/5 based sPUCCH for shortened TTI.
Proposal 3: Only PUCCH format 4/5 based sPUCCH format should be used for UCI transmissions in shortened TTI. 
Proposal 4: Repetition coding and RM coding can be considered in addition to TBCC for PUCCH format 4/5 based sPUCCH with small payloads.

Similar to PUCCH format 4/5, the coding rate with a predefined set of  coding rates can be UE-specifically configured for sPUCCH by higher layer signaling.   The frequency resource of sPUCCH can be indicated  with two alternatives as follows:
· Alt 1: The frequency resources with different resource sizes can be configured for sPUCCH per-UE by higher layer signaling
· Alt 2: A set of frequency resources with different resource sizes can be configured for sPUCCH per-UE by higher layer signaling, and one of the frequency resources can be indicated in the DL grant.
When PUCCH format 4/5 based sPUCCH is used for P-CSI or SR transmission, Alt 1 can be used and more than one frequency resources can be configured for P-CSI transmission so as to support different P-CSI payload sizes. When PUCCH format 4/5 based sPUCCH is used for at least HARQ-ACK transmission, Alt 2 can be used so as to adjust the sPUCCH capacity to support different payload sizes. 
For time-domain resource of sPUCCH, there are several options to design the TTI length of sPUCCH as follows:
· Option 1: The TTI length of sPUCCH can be a fixed value predefined in specification
· Option 2: The TTI length of sPUCCH can be configured by high layer signaling
· Option 3: The TTI length of sPUCCH can be indicated in DL grant
Option 1 is simple but with less flexibility. The resource required for different UCI payload sizes can be satisfied by using different sizes of frequency resources and coding rates.  The motivation of  supporting variable TTI length of sPUCCH is not strong. Option 3 is flexible with additional DCI overhead.  Option 2 is a good trade-off between the DCI overhead and flexibility with the basic UL TTI length same as that of sPUSCH.    The other alternative to reduce the configuration overhead is to combine the frequency domain and time domain resource allocations for sPUCCH., Option 2 and 3 of time-domain resource allocation can be combined with Alt 1 and 2 of frequency domain resource allocation respectively. Both time-domain resource and frequency-domain resource can be indicated by higher layer signaling or DL grant.   For the consideration oflatency reduction,,  the sPUCCH resource  should be available in each UL TTI  HARQ-ACK feedback.  This will lead to large resource committing to sPUCCH.  Alternatively, several predefined sPUCCH time-domain position can used.
Proposal 5: The frequency resource of sPUCCH for HARQ-ACK can be indicated by DL grant associated with the sPUCCH.
Proposal 6: The frequency resource of sPUCCH for P-CSI or SR can be configured by higher layer.
Proposal 7: The TTI length of sPUCCH can be fixed or configured by higher layer.
Proposal 8: The time-domain resource reservation of sPUCCH can be in each basic UL TTI or in predefined UL TTIs.
The budget of processing time for HARQ-ACK feedback could be proportionally reduced along with the reduction of TTI length.  The HARQ timing with variable TTI length of DL shortened TTI incurs additional complexity.   . Considering the feedback latency and payload balance, the following DL HARQ-ACK feedback timing can be considered:
· Implicit DL HARQ-ACK Timing: the DL HARQ-ACK time-domain position is determined according to the actual DL TTI length of corresponding DL transmission or a configured DL TTI length which is used to determine the HARQ-ACK time-domain position. That is, the DL HARQ-ACK corresponding to a DL transmission can be feedback in the first available sPUCCH time-domain resource after the processing delay of the DL transmission, where the processing delay is associated with the  DL TTI length.
· Explicit DL HARQ-ACK Timing: the DL HARQ-ACK position in time-domain is determined according to the indication of corresponding DL grant. For example, DL grant can indicate a time-domain position to transmit the HARQ-ACK of the DL transmission, or DL grant can indicate latency or delay which is used to determine the time-domain position to transmit the HARQ-ACK of the DL transmission.
Proposal 9: Both the implicit timing and the explicit timing can be considered for DL HARQ-ACK feedback for shortened TTI.

Conclusions
Based on the above discussion, we have the following proposals:
· Proposal 1: The design of sPUCCH can reuse the same mechanism of rate matching, RE mapping and frequency domain spreading of PUCCH format 4/5. 
· Proposal 2: Single type UCI transmission and UCI combination similar as PUCCH format 4/5 should be supported on PUCCH format 4/5 based sPUCCH for shortened TTI.
· Proposal 3: Only PUCCH format 4/5 based sPUCCH format should be used for UCI transmissions in shortened TTI. 
· Proposal 4: Repetition coding and RM coding other can TBCC can be considered for PUCCH format 4/5 based sPUCCH for small payloads.
· Proposal 5: The frequency resource of sPUCCH for HARQ-ACK can be indicated by DL grant associated with the sPUCCH.
· Proposal 6: The frequency resource of sPUCCH for P-CSI or SR can be configured by higher layer.
· Proposal 7: The TTI length of sPUCCH can be fixed or configured by higher layer.
· Proposal 8: The time-domain resource reservation of sPUCCH can be in each basic UL TTI or in predefined UL TTIs.
· Proposal 9: Both the implicit timing and the explicit timing can be considered for DL HARQ-ACK feedback for shortened TTI.
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