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1. Introduction

In RAN plenary #72, the work item on shortened TTI and processing time for LTE was approved [1]. It has been agreed in the RAN 1 #86 that [2]:
· Legacy PDCCH can be used to transmit sDCI (DCI for sPDSCH and/or sPUSCH) .

· QPSK is used for sPDCCH.

· Tail biting convolutional coding is used for sPDCCH.
· For CRS-based sPDCCH, 

· In time domain,
· sPDCCH is transmitted from the first OFDM symbol within an sTTI
· sPDCCH is not mapped to the PDCCH region.
· FFS number of OFDM symbols of the sPDCCH
· Frequency resource for sPDCCH can be informed by eNB.

In RAN 1 #86b, the focus is mainly on the UL sTTI structure, two-level scheduling scheme, and TM mode decision [3]. Particularly, it has been agreed that

Agreement:
· The DL sTTI length of a UE is configured by RRC signaling.

· FFS on whether different DL sTTI lengths for a given UE can be configured for different serving cells or not.
In this contribution, we discuss some design considerations regarding the downlink control information and sPDCCH for short TTI. 
2. Discussions
The study item for latency reduction has been completed. The related work item continues right where the study item left off [1]. In the past RAN1 meetings, it has been agreed that the DL sTTI length of a UE is configured by RRC signaling, which precludes the possibility of dynamically switching between different sTTI length in a subframe. It has  also been agreed to utilize the legacy PDCCH area to transmit sDCI (DCI for sPDSCH and/or sPUSCH).  Therefore part of the control information for sTTI can be transmitted at the beginning of a subframe. Dynamic switching between normal TTI and shortened TTI on a per UE perspective can bring out the most benefit enabled by sTTI. Such a feature can also serve as a dynamic fallback mechanism for shortened TTI UEs. The switching can be made on a subframe basis using the legacy PDCCH region, instead of using RRC signaling. This is also in line with the two-level DCI concept for shortened TTI. Accordingly, we propose
Proposal 1: Support dynamic switching between normal TTI and shortened TTI by using the legacy PDCCH region.
A universal solution for transmitting control signaling in TTI with reduced latency is desirable for all the possible values of shortened TTI length. Separate solutions for different values of shortened TTIs complicate the already complex LTE-A design and add to the specification efforts. It has been agreed that the shortest sTTI length that will be standardized is 2 OFDM symbols. Targeting at designing sPDCCH spanning no more than 2 OFDM symbols is thus desirable.

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.
A self-contained structure where sPDCCH locates near or inside the accompanying sPDSCH is a solution to the scarce time-frequency resource imposed by sTTI. Such a concept has been proposed by several companies in the past meetings. Under the self-contained structure, DMRS can be shared between sPDCCH and sPDSCH. Transparent beamforming can thus be applied to sPDCCH to improve the error performance. We therefore propose:
Proposal 2: Prioritize EPDCCH-like control channel design based on DMRS for sTTI.
It has been agreed that the maximum number of blind decoding (BD) in a subframe should be limited. This is straightforward as the resulting decoding complexity has to be capped in all cases, including short TTI. No matter whether a PDCCH-like or EPDCCH-like shortened PDCCH is standardized, a proportionally smaller DCI as compared with DCIs in normal TTI can be expected. Furthermore, considering the design of a two-level DCI, one slow DCI in the legacy PDCCH region and one in each sTTI, the DCI size of sPDCCH will be made even smaller as part of the DL scheduling information, e.g., MIMO scheme, has been signaled using the slow DCI. To keep the same decoding complexity with legacy UEs, the maximum number of blind decoding in this case naturally should take the DCI size and structure into account. We thus propose

Proposal 3: The maximum number of BD supported depends on the sPDCCH size and structure.
With shortened TTI, the available time-frequency resource is proportionally smaller, all else being equal. Whether shortened TTI is enabled for smaller system bandwidth is an issue worth discussing. For example, it is unreasonable to support 2 OFDM symbols, when there are only 6 available PRBs. A simple approach could be to disable the shortened TTI feature altogether if the number of available PRBs is smaller than a predefined threshold. The concept of shortened TTI length dependent resource block group should also be specified, where the basic scheduling unit is a group of resource blocks with the group size determined by the shortened TTI length. Such a concept could enable reusing the legacy transport block size table. We therefore propose
Proposal 4: The feature of shortened TTI is dependent on the total system bandwidth.

3. Conclusions
In this contribution, we have discussed a few design considerations, and the control channel design to support LTE systems with shortened TTI. We have the following proposals:

Proposal 1: Support dynamic switching between normal TTI and shortened TTI by using the legacy PDCCH region.
Proposal 2: Prioritize EPDCCH-like control channel design based on DMRS for sTTI.
Proposal 3: The maximum number of BD supported depends on the sPDCCH size and structure.
Proposal 4: The feature of shortened TTI is dependent on the total system bandwidth.
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