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Introduction
	In RAN1#85 and #86,  the following conclusions were reached [1][2]
· Further discussion during the WI phase (if WI is approved) regarding the single-level DCI vs. two-level DCI considering aspects such as overhead, complexity, potential scheduling restriction, search space design, the corresponding performance, impact of different TTI lengths (if any), etc.
· The DL sTTI length of a UE is indicated by eNB
· FFS details of configuration (based on RRC or PDCCH)


In this paper we have some observation and proposals on the DCI design for sTTI of FS1.

DCI design consideration for shortened TTI
TTI shortening for LTE is agreed to reduce the air interface latency and hence can improve the throughput as discussed in [3]. Considering at least 2 OFDM symbols sTTI length for sPDCCH/sPDSCH is agreed to support for both DL and UL in RAN #73, the control overhead of which is the primary problem to study. Obviously, duplicated control information for each sTTI could be saved to reduce the overhead and some control information is unnecessary to be transferred less than one 1 ms as going to be discussed in the following chapters.
Since the sTTI introduction brings new requirements on the control methods than the legacy system, we try to discuss and propose some considerations on the new sTTI DCI design from both semi-static and dynamic control information aspects.

Semi-static control for shortened TTI
Since sTTI was agreed as a Work Item, the scheduling granularity could be as mall as per sTTI, e.g. 2OS being the smallest one. As discussed in our previous contribution [4], the actual activated resources for semi-static scheduling could be one or more sTTI in a subframe and there are several mechanism options for the configuration and activation. We also proposed that RAN1 rather than RAN2 should decide the exact sTTI(s) of a subframe for activation for a given UE SPS configuration, which increase the sTTI based scheduling flexibility of eNB.
However, the repetition period of SPS agreed in RAN2 is no less than 1ms, so even TTI is shortened to be as smaller as 2OS, the DCI for activating of the SPS resources is not necessary to be transferred more than once in a subframe. Therefore, the subframe based DCI as legacy is enough for SPS activation even after sTTI is introduced.
Proposal 1:
· The activating information of the SPS resources should be considered in the DCI design for sTTI scheduling and should not be transferred more than once in a subframe.

Dynamic control for shortened TTI.
In legacy system, UE blindly detects the DCI in search spaces of the PDCCH reign and the eNB schedules a given UE at most once per subframe. When shortened TTI is introduced, sTTI based DCI could be introduced to acquire fast scheduling and feedback, which reduce the latency and improve the throughput performance especially for small packet data transferring as studied in [3].
Therefore some control information will be transferred per sTTI(s) to support sPDSCH transmission hence reducing the RTT latency, such as:  modulation and coding scheme (MCS), redundancy version (RV), TPC, new data indicator (NDI), etc. Obviously, 1ms DCI transferring is not enough for such implementation, sDCI(DCI for sTTI) shall be introduced.
However, not all control information is necessary for each sTTI, such as the carrier indicator, resource block assignment for a certain bandwidth for sTTI operation FDMed with the legacy 1ms TTI, the sTTI number or pattern indication for reducing control overhead and simplifying the blind detections as discussed in many contributions in the previous meetings, etc. These parameters are constant at least in one subframe and could be a wasting of resources if they are transferred more than once within 1ms, as listed in table 1.

Table1: Example on DCI information at most per subframe
	Parameters
	M/O
	Note

	Carrier indicator
	Optional
	according to CA capability

	Resource allocation header 
	Optional
	

	Flag for format XX differentiation
	Optional
	

	Resource block assignment 
	Mandatory
	Could be as legacy definition

	sTTI number/indication
	Mandatory
	Indicating the sTTI number and/or pattern supported.

	sTTI(s) activation indication.
	Optional
	Bitmap, according to sTTI and SPS  configuration

	FFS
	FFS
	FFS

	…
	…
	…



From the above analysis, we can see that not all the control information parameters for sTTI operation need be transferred in the same time in a given subframe as which happens in legacy DCI, therefore the single-level DCI for sTTI introduces the control information, at least in table 1, duplication of at most six times on the 2OS sTTI case which is agreed to be supported. If the number of parameters list above are duplicated transferred per sTTI, it could cause more than one hundred bits wasting as discussed in [5]. 
Consequently, both sTTI and 1ms TTI based DCIs should be adopted on the DCI design for shortened TTI and we suggest that single-level DCI should not be further studied.
Proposal 2:
· Both sTTI and 1ms based DCIs should be adopted on the DCI design for shortened TTI, hence the single-level DCI should not be further studied.

Conclusions
In this contribution we provide our views on DCI design consideration for shortened TTI, the observations and proposals are summarized as follows:
· Proposal 1:  The activating information of the SPS resources should be considered in the DCI design for sTTI scheduling and should not be transferred more than once in a subframe.
· Proposal 2:  Both sTTI and 1ms TTI based DCIs should be adopted on the DCI design for shortened TTI, hence the single-level DCI should not be further studied.
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