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1. Introduction

The study item for latency reduction technique for LTE has been agreed in the last RAN plenary meeting with RAN WG2 being the WI leader. The initial study objective is [1]

· 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 contribution, we discuss the necessary changes and impact to the downlink control signaling for reduced TTI. 
2. Discussions
The technique of latency reduction has been agreed as a study item for enhancing the user experience of LTE-Advanced systems in the last RAN plenary meeting. By shortening the transmission time interval (TTI) from 1 ms to less than 0.5 ms, the round-trip time, and thus the throughput is expected to improve. Since there will be increased overhead for control signaling in the physical layer, the degree of the improvement on the ultimate throughput is not all clear. It has been shown that even with a one OFDM symbol TTI, thus greatly increased control signaling overhead, the user perceived throughput still improves relative to the legacy system in certain cases [2]. 
PDCCH has been the DL control channel used for conveying L1/L2 DL control signaling since Release 8. In Release 11, EPDCCH was introduced as an alternative to PDCCH and provide better interference handling and the possibility of UE specific precoding. It is well known that PDCCH occupies the first few OFDM symbols in every subframe, which is 1 ms long, and the rationale is for the UEs to perform early decoding of PDSCH. Power could be preserved by turning off the modem on detection of no scheduled data. EPDCCH, on the other hand, occupies the time frequency resource as a regular PDSCH. The data processing procedures and the formula for deciding the candidate positions are largely the same for both PDCCH and EPDCCH.
It should be clear that a universal solution for transmitting control signaling in TTI with reduced latency is desirable for all the possible values of shortened TTI. Separate solutions for different values of reduced TTIs complicate the already complex LTE-A design and add to the specification efforts. It is envisioned that at an early stage, the discussions will be focused on the design of a shortened TTI of 0.5ms, which corresponds to a slot and thus naturally fits into the original system with ideal backward compatibility. At a later stage, it is likely for the focus to shift to reduced TTIs of three OFDM symbols or even one OFDM symbol. It is thus important to keep in mind that the control signaling design for 0.5 ms should be flexible and easily adapted to a shorter TTI for better forward compatibility. For reduced latency on the scale of three or even one OFDM, the argument for early detection is less compelling. Besides, for better backward compatibility, it is desirable for the new control channel to occupy as less frequency resource as possible. This is of course achieved by spanning the control channel on the maximum available time. Taking the aforementioned points into account, we have the following proposal:

Proposal 1: Exclude the possibility of at least PDCCH-like control channel design for reduced TTI.
3. Conclusions
In this contribution, we have discussed the control channel design to support LTE systems with reduced latency. Specifically, we have reviewed the design rationale of PDCCH and EPDCCH. We have the following proposal:
Proposal 1: Exclude the possibility of at least PDCCH-like control channel design for reduced TTI.
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