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Discussion and decision
1 Introduction

In RAN#67, the study item on latency reduction was approved [1] with having the objective as
· 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).  

RAN2 has discussed L2 aspects in order to reduce the latency with evaluation results [2]. The following areas are to be studied in RAN1 in this SI:
· 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 contribution, we discuss the reduced processing time and the specification issues, especially for uplink, to support short TTI length than 1 ms for latency reduction.  
2 UL issues for TTI shortening 
TTI length and resource allocation in each subframe
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Figure 1: Example of structures of short TTI for UL

Similar to DL [3], either fixed or various number of OFDM/SC-FDMA symbols per short TTI is also possible for UL. The examples of the short-TTI structures having fixed length of short-TTI are shown in Figure 1. If 1-symbol and 2-symbol TTIs have DMRS in every short TTI, then the RS overhead would be too large. If all 2 symbol-TTI has its own DMRS SC-FDMA symbol, then the RS overhead becomes 50%. So, one possible option is that the SC-FDMA symbol is shared for multiple UEs to transmit DMRS. This sharing symbol for DMRS is shown in Figure 1-(a) and (b). 

Regarding the frequency resource allocation, we propose to have the two kinds of sPDCCH for short-TTI DL control channel and to use the same frequency resource for the same UE within a subframe [3]. Similarly, it is possible to restrict the UL scheduling for a given UE to use the same frequency resource within a subframe. This can make the eNB have more flexibility for UL scheduling.
Observation 1: DMRS multiplexing among UEs using different short-TTI within a subframe can be considered.

Observation 2: If the different frequency resource allocation for a given short-TTI UE within a subframe is allowed, the additional overhead is needed for indication of resource allocation.
Proposal 1: The same frequency resource allocation for a given short-TTI UE within a subframe is used for short-TTI transmission.

sPUCCH transmission


For sPUSCH transmission, short TTIs having 1, 2, 3, 4, 7 SC-FDMA symbols can be considered. However, for sPUCCH transmission, 1 or 2 symbol TTIs may be difficult to have enough coverage since the transmission energy will decrease a lot for short TTI. Therefore, one scenario is to use slot TTI for sPUCCH even though short TTI such as 1, 2, 3, 4 symbol TTI is used for DL. Then, sPUCCH can be easily designed by using the legacy PUCCH format. Figure 2 shows the slot-based sPUCCH. Frequency hopping within a slot can be considered as shown in Figure 2-(b) to obtain frequency diversity.
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Figure 2. Example of usage of slot-TTI sPUCCH with and without frequency hopping.
Observation 3: For sPUCCH transmission, 1 or 2 symbol TTIs may be unable to provide sufficient coverage since the transmission energy will decrease significantly for short TTI.
Proposal 2: Slot-based sPUCCH can be considered.
3 Conclusions
In this contribution, we discussed the specification impacts in UL for short TTI UEs, where our proposals and observations can be summarized as below.

Observation 1: DMRS multiplexing among UEs using different short-TTI within a subframe can be considered.
Observation 2: If the different frequency resource allocation for a given short-TTI UE within a subframe is allowed, the additional overhead is needed for indication of resource allocation.
Observation 3: For sPUCCH transmission, 1 or 2 symbol TTIs may be difficult to have enough coverage since the transmission energy will decrease a lot for short TTI.
Proposal 1: The same frequency resource allocation for a given short-TTI UE within a subframe is used for short-TTI transmission.
Proposal 2: Slot-based sPUCCH can be considered.
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