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1 Introduction

In RAN1#84bis and RAN1#85 meetings [1][2], the conclusion of studying DCI design for short TTI is as follows. 
Conclusion for study till RAN1#85 in RAN1#84bis
· Two-level DCI can be studied for sTTI scheduling, whereby:

· DCI for sTTI scheduling can be divided into two types:

· “Slow DCI”: DCI content which applies to more than 1 sTTI is carried on either legacy single-level PDCCH, or sPDCCH transmitted not more than once per subframe

· FFS whether “Slow DCI” is UE-specific or common for multiple UEs

·  “Fast DCI”: DCI content which applies to a specific sTTI is carried on sPDCCH

· For a sPDSCH in a given sTTI, the scheduling information is obtained from either

· a combination of slow DCI and fast DCI, or

· fast DCI only, overriding the slow DCI for that sTTI

· Compare with single-level DCI carried on one sPDCCH or one legacy single-level PDCCH.

· It is not precluded to consider schemes in which the slow DCI also includes some resource allocation information for the sPDCCH.

· Methods for reducing the overhead of single-level DCI can also be studied

· Single-level DCI multi-sTTI scheduling for a variable number of sTTIs may be included

Conclusion in RAN1#85
· 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.

· Note: this conclusion is not be included in the TR

This contribution discusses the two-level DCI design for short TTI. Discussion on DCI overhead is provided in [3].
2 Motivation on DCI design
DCI overhead can reduce the benefits achieved by short TTI. It is shown [3] in  that DCI overhead saving can be significantly reduced via a two-level fast/slow DCI design. In addition to DCI overhead reduction, it is also important to ensure that data transmission using sTTI can be scheduled as fast as possible. Therefore, DCI design for short TTI should not only consider the multiple TTI scheduling, but also take into account the DCI for single TTI scheduling.
3 DCI scheme for shorten TTI:
To reduce DCI overhead, some schemes on two-level DCI are given in last meeting. In this section, two detailed two-level DCI designs are discussed as follows. 
· DCI scheme 1: A DCI is split into slow DCI and fast DCI, where combination of slow DCI and fast DCI is used to indicate transmission in one sTTI.
· DCI scheme 2: Slow DCI, which is transmitted at most once per subframe, is used to schedule transmission in one or multiple sTTIs, complemented by fast DCI is used to indicate transmission on one sTTI.
3.1 DCI scheme 1
In scheme 1, a DCI is divided into two parts. The first part named as slow DCI includes some control information, which can change at subframe level. The second part named as fast DCI includes the rest control information, which has to be signaled at each scheduled sTTI. A short TTI capable UE needs to detect both the slow DCI and fast DCI in order to obtain the complete scheduling information for each sTTI. As shown in Figure 1, the slow DCI is carried in legacy PDCCH region and transmitted at most once per subframe; fast DCI is carried in sPDCCH region of sTTI.
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Figure 1. Example of DCI scheme 1
The design of slow DCI: 

· Transmitted in legacy PDCCH region, i.e. no more than once per subframe

· UE group-specific
· includes DL/UL resource block assignment and other semi-static parameters
Table 1.Example on slow DCI in DCI scheme 1
	Parameters
	Bit field
	Comments

	First level resource block assignment for DL
	10 bits
	DL resource allocation type 0 
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	First level resource block assignment for UL
	11 bits
	Non-hopping PUSCH 
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 bits provide the resource allocation in the UL TTI

	Carrier indicator
	3 bits
	For Carrier Aggregation support (optional)

	Resource allocation header 
	1 bit
	(optional)

	Resource allocation information for the sPDCCH  
	2 bits
	The location or CCE level of sPDCCH. (optional)

	CRC
	16 bits
	

	Total 
	37~43 bits
	


The design of fast DCI: 
· Transmitted by sPDCCH region or legacy PDCCH region
· UE-specific
· Included the rest scheduling information
Table 2.Example on fast DCI in DCI scheme 1
	Parameters
	Bit field
	Comments

	HARQ process number
	3 or 4bits
	8~16 processes

	MCS for TB1 and TB2
	5*2 bits
	2 Transport blocks

	RV for TB1 and TB2
	2*2 bits
	2 Transport blocks

	NDI for TB1 and TB2
	1*2 bits
	2 Transport blocks

	TPC command for PUCCH
	2 bits
	

	Transport block to codeword swap flag
	1 bit
	

	PUCCH feedback delay 
	2 bits
	2bits for the value k, the time between DL data and DL HARQ or UL grant to UL data is n+4+k.

	DMRS indication
	1 bit
	Indicate the presence of DMRS in the sTTI, only applicable for DMRS-based transmission

	Pre-coding information 
	3 or 6bits
	

	Second level resource allocation
	3
	

	CRC
	16bits
	

	Total 
	47~51 bits
	


3.2 DCI scheme 2
In scheme 2, the slow DCI, transmitted at most once per subframe, can be used to schedule transmissions in one or more sTTIs. A fast DCI can be used to schedule transmission in one sTTI if needed. 
It is noted that the fast DCI does not need to be transmitted in each sTTI. If there is data for the UE before a subframe, slow DCI can be used to schedule data transmission for the UE. Fast DCI can be used if data arrives in the middle of a subframe and therefore provides a mechanism to schedule data transmission for the UE in a timely manner within the subframe. Fast DCI can overwrite the slow DCI or provide more information in addition to the slow DCI, if they happen to be in the same subframe. Such overwrite may be beneficial, e.g. in order to timely retransmit a sPDSCH or sPUSCH. The payload size for the slow can be smaller than or same as that for the fast DCI.  As shown in Figure 2, the slow DCI is transmitted in legacy control region, .e.g at most once per subframe. Fast DCI is transmitted in sPDCCH region, if needed. 
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Figure 2. Example of DCI scheme 2
The design of slow DCI: 

· Transmitted in legacy PDCCH region, i.e. no more than once per subframe

· UE-specific

· Full scheduling information of data for one or more TTIs
Table 3.Example on slow DCI in DCI scheme 2
	Parameters
	Bit field
	Comments

	Resource block assignment 
	10 ~11 bits
	· DL resource allocation type 0 
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· Non-hopping PUSCH 
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 bits provide the resource allocation in the UL TTI

	Carrier indicator
	3 bits
	For Carrier Aggregation support (optional)

	HARQ process number
	3 or 4bits
	8~16 processes

	MCS for TB1 and TB2
	5*2 bits
	2 Transport blocks

	RV for TB1 and TB2
	2*2 bits
	2 Transport blocks

	NDI for TB1 and TB2
	1*2 bits
	2 Transport blocks

	TPC command for PUCCH
	2 bits
	

	Transmission delay 
	2 bits
	2bits for the value k, the time between DL data and DL HARQ or UL grant to UL data is n+4+k.

	Precoding information 
	3 or 6bits
	

	Resource allocation header
	1 bit
	

	Transport block to codeword swap flag
	1 bit
	

	TTI number
	3 bit
	Indicate 1~6 TTIs

	Resource allocation information for the sPDCCH  
	2 bits
	The location or CCE level of sPDCCH.

	CRC
	16bits
	

	Total 
	62~65bits
	For one link


The design of fast DCI: 
· Transmitted in sPDCCH region or legacy PDCCH region
· Transmitted only if needed 
· Including HARQ and MCS parameters, and/or resource allocation indication.

Table 4.Example on fast DCI format combined with slow DCI in DCI scheme 2, named as fast DCI type 1
	Parameters
	Bit field
	Comments

	Fast DCI content indicator
	1 bit
	Indicates fast DCI type 1 or fast DCI type 2

	HARQ process number
	3 or 4bits
	8~16 processes

	MCS offset for TB1 and TB2
	2*2 bits
	2 Transport blocks, MCS is assumed to divided into MCS offset and baseline MCS. MCS offset could be dynamically configured and baseline MCS is indicated in the slow DCI.

	RV for TB1 and TB2
	2*2 bits
	2 Transport blocks

	NDI for TB1 and TB2
	1*2 bits
	2 Transport blocks

	DMRS indication
	1 bit
	Indicate the presence of DMRS in the sTTI, only applicable for DMRS-based transmission

	CRC
	16bits
	

	Total 
	31~32 bits
	


Table 5.Example on fast DCI format overriding slow DCI in DCI scheme 2, named as fast DCI type 2
	Parameters
	Bit field
	Comments

	Fast DCI content indicator
	1 bit
	Indicates fast DCI type 1 or fast DCI type 2

	HARQ process number
	3 or 4bits
	8~16 processes

	MCS offset for TB1 and TB2
	2*2 bits
	2 Transport blocks, MCS is assumed to divided into MCS offset and baseline MCS. MCS offset could be dynamically configured and baseline MCS could be semi-statically configured.

	NDI for TB1 and TB2
	1*2 bits
	2 Transport blocks

	PUCCH feedback delay 
	2 bits
	2bits for the value k, the time between DL data and DL HARQ is n+4+k.

	Resource allocation candidate set indicator
	2bits
	Pre-defined resource candidate sets are configured by higher layer.

	DMRS indication
	1 bit
	Indicate the presence of DMRS in the sTTI, only applicable for DMRS-based transmission

	CRC
	16bits
	

	Total 
	31~32 bits
	


Notes: For transmission overriding slow DCI, it assumes that the RV order is predefined. 

4 Conclusion
In this contribution, two detailed designs on two-level DCI are discussed. The following proposal is provided:
Proposal: The following two-level DCI scheme should be supported for sTTI:

· slow DCI, which is transmitted at most once per subframe, is used to schedule transmission in one or multiple sTTIs
· fast DCI, if needed, is used to indicate transmission on one sTTI.
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