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1 Introduction

The DCI design for short TTI has been extensively studied in previous meetings.
Conclusion for study till RAN1#85 in RAN1#84bis[1]
· 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

Agreed in RAN1#86[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. 
This contribution discusses the two-level DCI design for short TTI. Analysis 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 in [3] that compared to single level DCI design, DCI overhead can be significantly reduced via a two-level fast/slow DCI design and multi-sTTI scheduling design. In addition, two-level fast/slow DCI design could reduce the latency of urgent packet as well as providing necessary information for sPDCCH detection at the beginning of the subframe.  It is note that the two-level DCI could also schedule multiple sTTI, and it provides additional benefit by putting the slow DCI in the PDCCH region, and scheduling retransmission/urgent packets with reduced size fast DCI. 
3 DCI scheme for shorten TTI:
In this section, two detailed two-level DCI designs are discussed as follows. 
For both schemes, a DCI is split into slow DCI and fast DCI. Slow DCI is transmitted at most once per subframe while fast DCI could be transmitted in every sTTI.
· Two-level DCI scheme 1: Slow DCI contains part of the common scheduling information for all the sTTI in this subframe. The combination of slow DCI and fast DCI is used to indicate complete scheduling information for each sTTI. 
· Two-level DCI scheme 2: Slow DCI is used to provide the complete schedule information for one or multiple sTTIs. Fast DCI can be used to schedule transmissions between slow DCI and is only transmitted when needed, e.g for retransmission, or new arrived packets.
3.1 Two-level DCI scheme 1
In scheme 1, a DCI is divided into two parts. The first part named as slow DCI includes part of the control information, which is transmitted at subframe level. The second part named as fast DCI includes the rest of the control information, which has to be transmitted in 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.
It is noted that with this scheme, slow DCI should be transmitted to each applicable UE in each subframe even if there is no data for the UE at this moment. This is to ensure that when data arrives during a subframe, a UE could be scheduled by fast DCI timely.
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Figure 1. Example of two-level DCI scheme 1
The design of slow DCI: 

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

· UE group-specific
· Including DL/UL resource block assignment and other semi-static parameters
Table 1.Example on slow DCI in two-level 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 for DL
	1 bit
	resource allocation type 0 / type 1 for DL (optional)

	Resource allocation header for UL
	1 bit
	resource allocation type 0 / type 1 for UL (optional)

	CRC
	16 bits
	

	Total 
	37~42bits
	


The design of fast DCI: 
· Transmitted in sPDCCH region or legacy PDCCH region for the 1st sTTI, i.e, one fast DCI for each sTTI
· UE-specific
· Including the rest of scheduling information
Table 2.Example on fast DCI of two-level DCI scheme 1 for DL
	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 sPUCCH
	2 bits
	

	Transport block to codeword swap flag
	1 bit
	

	Pre-coding information 
	3 or 6bits
	

	Timing offset of sPUCCH
	2 bits
	2bits for the value k, the time between DL data and DL HARQ is n+4+k. set of k is configured by higher layer, as set ={1,2,4,6}or {1,2,3,4} [4]

	sPUCCH resource indication
	2 bits
	4 sPUCCH resource candidates are configured by higher layers [5]

	sPDCCH search space information
* Frequency resource for sPDCCH can be informed by eNB. [2]

	1~5bits
	If total CCE number is (17~32), 5bits;

If total CCE number is (9~16), 4bits;

If total CCE number is (5~8), 3bits;

If total CCE number is (3~4), 2bits;

If total CCE number is (1~2), 1bit;

Total CCE number of sPDCCH is configured by higher layer.
The bit filed corresponds to the occupied sPDCCH search space in current sTTI.

	Second level resource block assignment for DL
	3bits
	Divide the sTTI short TTI band to 3 subbands
0 – subband 1

1 – subband 2

2 – subband 3

3 – subband 1+2

4 – subband 2+3

5 – subband 1+2+3

6 – reserved

7 – reserved

subband 1= floor{(First level resource block assignment for DL)/3}

subband 2= floor {(First level resource block assignment for DL)/3}

subband 3= First level resource block assignment for DL - subband 1- subband 2

	CRC
	16bits
	

	Total 
	49~57 bits
	


3.2 Two-level 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, e.g, retransmission or new arrival packets. 
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. A fast DCI in the same subframe of a slow DCI can overwrite the slow DCI or provide more information in addition to the slow DCI. Such overwriting may be beneficial, e.g. in order to timely retransmit a sPDSCH or sPUSCH. The payload size for the fast DCI can be smaller than that for the slow DCI since some of the parameters could be provided by slow DCI or high layer configuration.  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. 
It is noted that in this scheme, it is not necessary to transmit the slow DCI to a UE every subframe if the UE has no data. When data arrives during a subframe and miss the slow DCI transmission time, a UE could be scheduled by fast DCI timely. As an example shown in figure 2, for traffic of UE2 arrived in the middle of the 1st subframe, eNB can schedule sPDSCH transmission using fast DCI type 2. In this way, scheme2 can avoid any additional scheduling delay.
Two types of fast DCI can be considered for retransmission and new arriving packets inside the subframe.

Type1: fast DCI is scheduled together with slow DCI. Some of the scheduling field is updated in fast DCI while other fields remain the same as in slow DCI.
Type2: fast DCI is scheduled without slow DCI . The fast DCI overrides all the information of slow DCI.
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Figure 2. Example of two-level DCI scheme 2
The design of slow DCI: 

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

· UE-specific

· Including full scheduling information of data for one or more TTIs
Table 3.Example on slow DCI of two-level DCI scheme 2 for DL
	Parameters
	Bit field
	Comments

	Resource block assignment 
	10 bits
	· DL resource allocation type 0 
[image: image6.wmf]é

ù

P

N

/

DL

RB

bits provide the resource allocation in the DL TTI, 
[image: image7.wmf]DL

RB

N

=50, P = 5.

	Carrier indicator
	3 bits
	For Carrier Aggregation support (optional)

	HARQ process number 
	3 or 4bits
	8~16 processes, the bits apply to the first scheduled sTTI, and the HARQ process numbers for other scheduled, as the first HARQ process plus 1 in order.

	MCS for TB1 and TB2
	5*2 bits
	2 Transport blocks, as baseline MCS

	RV for TB1 and TB2
	2*2 bits
	2 Transport blocks. All TB1 of the scheduled sTTI has the same RV, and all TB2 of the scheduled sTTI has the same RV.

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

	TPC command for sPUCCH
	2 bits
	

	Timing offset of sPUCCH
	2 bits
	2bits for the value k, the time between DL data and DL HARQ is n+4+k. set of k is configured by higher layer, as set ={1,2,4,6}or {1,2,3,4} [4]

	sPUCCH resource indication
	2 bits
	4 PUCCH resource candidates are configured by higher layers [5]

	Precoding information 
	3 or 6bits
	

	Resource allocation header
	1 bit
	

	Transport block to codeword swap flag
	1 bit
	

	Number of scheduled sTTI
	3 bits
	Indicate 1~6 short TTIs [3]

	sPDCCH search space information
* Frequency resource for sPDCCH can be informed by eNB. [2]

	1~5bits
	If total CCE number is (17~32), 5bits;

If total CCE number is (9~16), 4bits;

If total CCE number is (5~8), 3bits;

If total CCE number is (3~4), 2bits;

If total CCE number is (1~2), 1bit;

Total CCE number of sPDCCH is configured by higher layer.
The bit filed applies to the real sPDCCH search space in these scheduled short TTIs.

	CRC
	16bits
	

	Total 
	63~71bits
	


The design of fast DCI: 
· Transmitted in sPDCCH region or legacy PDCCH region
· Transmitted only if needed 
· Including necessary information for retransmission and new arrival packet.
Table 4.Example on fast DCI type1: override the corresponding fields of slow DCI 
	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, the bit filed applies to the current sTTI.

	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

	sPDCCH search space information
	1~5bits
	If total CCE number is (17~32), 5bits;

If total CCE number is (9~16), 4bits;

If total CCE number is (5~8), 3bits;

If total CCE number is (3~4), 2bits;

If total CCE number is (1~2), 1bit;

Total CCE number of sPDCCH is configured by higher layer.
The bit filed applies to the real sPDCCH search space in current scheduled short TTIs.

	CRC
	16bits
	

	Total 
	31~36 bits
	


Table 5.Example on fast DCI Type 2: independent scheduling without slow DCI 
	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, the bit filed applies to the current sTTI.

	MCS offset for TB1 and TB2
	2*2 bits
	MCS is assumed to be divided into MCS offset and baseline MCS. Baseline MCS could be semi-statically configured via “resource allocation candidate set” field while MCS offset is indicated via this field.

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

	Timing offset of sPUCCH
	2 bits
	2bits for the value k, the time between DL data and DL HARQ is n+4+k. set of k is configured by higher layer, as set ={1,2,4,6}or {1,2,3,4} [4]

	Resource allocation candidate set indicator


	2 bits
	4 pre-defined resource candidate sets are configured by higher layer for sPUCCH [5] and sPDSCH resource, e.g, baseline MCS, RA, RV order, sPUCCH code/RB resource. 

	sPDCCH search space information
* Frequency resource for sPDCCH can be informed by eNB. [2]

	1~5 bits
	If total CCE number is (17~32), 5bits;

If total CCE number is (9~16), 4bits;

If total CCE number is (5~8), 3bits;

If total CCE number is (3~4), 2bits;

If total CCE number is (1~2), 1bit;

Total CCE number of sPDCCH is configured by higher layer.
The bit filed applies to the real sPDCCH search space in current scheduled short TTIs.

	CRC
	16bits
	

	Total 
	31~32 bits
	


3.3 Comparison
· Two-level DCI scheme 1: Slow DCI contains part of the common scheduling information for all the sTTI in this subframe. The combination of slow DCI and fast DCI is used to indicate complete scheduling information for each sTTI. 
· Two-level DCI scheme 2: Slow DCI is used to provide the complete schedule information for one or multiple sTTIs. Fast DCI can be used to schedule transmissions between slow DCI and is only transmitted when needed, e.g for retransmission, or new arrived packets. 
Based on the above section 3.1 and 3.2, both two-level DCI scheme 1 and two-level DCI scheme 2 have no additional scheduling latency since UE could be scheduled by fast DCI timely. Besides, they both can provide necessary information for sPDCCH detection at the beginning of the subframe.
However the control overhead of two-level DCI scheme 1 does not decrease considerably compared with legacy single sTTI DCI operation, since it still needs to transmit the fast DCI to a UE in every sTTI if the UE has data. On the contrary, the control overhead of two-level DCI scheme 2 is significantly smaller (at most 70%) than that of legacy single sTTI DCI operation, due to the combined fact that the fast DCI is only transmitted when necessary and multi-sTTI scheduling [6]. 
Therefore, both two-level DCI schemes provide similar latency reduction effect while scheme 2 could achieve more UPT performance and higher spectral efficiency than DCI scheme 1 by smaller control overhead. Then, we propose:
Proposal: The following two-level DCI scheme should be supported for sTTI:

· slow DCI, which is transmitted at most once per subframe, provide the complete schedule information for one or multiple sTTIs,
· fast DCI, which can be used to schedule transmissions between slow DCI and is only transmitted when needed, e.g for retransmission, or new arrived packets.
4 Conclusion
In this contribution, two detailed designs on two-level DCI are discussed to save DCI overhead as well as maintaining low latency. They are:

· Two-level DCI scheme 1: Slow DCI contains part of the common scheduling information for all the sTTI in this subframe. The combination of slow DCI and fast DCI is used to indicate complete scheduling information for each sTTI. 
· Two-level DCI scheme 2: Slow DCI is used to provide the complete schedule information for one or multiple sTTIs. Fast DCI can be used to schedule transmissions between slow DCI and is only transmitted when needed, e.g for retransmission, or new arrived packets.
Two-level DCI scheme 2 is recommended to better balance the latency and the control overhead.
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