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1 Introduction

In RAN1#84bis meeting [1], the conclusion of studying DCI design for short TTI is as follows. 
Conclusion for study till RAN1#85 
· 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
In RAN1#85 meetings [2], the conclusion of studying DCI design for short TTI is as follows. 
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 current DCI scheme candidates for shorten TTI in terms of control overhead. The system performance has been studied in [3], which shows higher overhead of DCI will reduce the DL gain of short TTI. Search space design and link performance are provided in [4].
2 DCI scheme candidates for sTTI

The following five DCI design schemes are compared in this contribution.
· DCI scheme 1: single TTI scheduling via fast DCI and slow DCI, where slow DCI includes partial scheduling information, fast DCI includes the rest scheduling information.
In this scheme [5], a DCI is divided into two parts, i.e. a slow DCI and a fast DCI. The slow DCI includes partial scheduling information, which can change at subframe level. The slow DCI is carried in legacy PDCCH region, i.e. no more than once per subframe. The slow DCI is UE group-specific or cell-specific for overhead reduction. The fast DCI includes the rest scheduling information. The fast DCI is carried in sPDCCH region or in legacy PDCCH region. The fast DCI is UE-specific. A UE needs to successfully detect both slow DCI and fast DCI before receiving or sending data in a TTI.
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.
· DCI scheme 2: multi-TTI scheduling via slow DCI, and single TTI scheduling via fast DCI if needed.
In this scheme [5], the slow DCI includes full scheduling information for one or more TTIs. The slow DCI is carried in legacy PDCCH region, i.e. no more than once per subframe. The fast DCI includes the scheduling information for one TTI, and it has smaller payload size for overhead reduction. The fast DCI is carried in sPDCCH region or legacy PDCCH region. The slow DCI, if received by a UE, should overwrite the scheduling information conveyed by the fast DCI in the same subframe. Both the slow DCI and fast DCI is UE-specific. 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.
· DCI scheme 3: multi-TTI scheduling via a DCI.
In this scheme, a DCI could be carried in legacy PDCCH region or sPDCCH region. The DCI includes full scheduling information of one or more TTIs. The DCI is UE-specific.
· DCI scheme 4: single TTI scheduling via a DCI with partial scheduling information semi-statically configured
In this scheme, a DCI could be carried in legacy PDCCH region or sPDCCH region. The DCI includes scheduling information of one TTI. Some of the scheduling information is semi-statically configured to the UE, in order to reduce the DCI overhead. The DCI is UE-specific.
· DCI scheme 5: single TTI scheduling via a DCI, similar to the legacy operation
In this scheme, a DCI could be carried in legacy PDCCH region or sPDCCH region. The DCI includes full scheduling information of one TTI, same as legacy single-level TTI.
3 Discussion on control overhead for different DCI schemes 

The following assumptions are made when analyzing the DCI overhead.
DCI scheme 1: It is assumed that each UE receives fast DCI in sPDCCH region, and sPDCCH is not present in the first sTTI in one subframe. The slow DCI and the fast DCI in the first sTTI within a subframe are transmitted in legacy PDCCH region, and its corresponding overhead is not counted.

DCI scheme 2: It is assumed that each UE receives slow DCI in legacy PDCCH region and receives fast DCI in any sPDCCH region. The slow DCI and the fast DCI in the first sTTI within a subframe are transmitted in legacy PDCCH region, and its corresponding overhead is not counted.
DCI scheme 3: It is assumed that each UE receives multi-TTI scheduling DCI in any PDCCH or sPDCCH region. The DCI transmission is twice per subframe. One DCI could schedule up to four continuous TTIs, which is similar with eLAA. The probability of one DCI transmissionin legacy PDCCH region is 1/7, and its corresponding overhead is not counted.
DCI scheme 4 and DCI scheme 5: it is assumed that each UE receives shorten DCI in each PDCCH or sPDCCH region. If the DCI transmission of the first sTTI is in legacy PDCCH region, and its overhead is not counted.
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Figure 1. Overhead comparison for 2-symbol TTI
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Figure 2. Overhead comparison for 7-symbol TTI
Based on Figure 1and Figure 2, we have the following proposal: 
Proposal: DCI scheme 2 (multi-TTI scheduling via slow DCI, and single TTI scheduling via fast DCI if needed) shall be adopted for sTTI.
4 Conclusion
In this contribution, five DCI schemes are discussed and their corresponding overhead is analyzed. 
· DCI scheme 1: single TTI scheduling via fast DCI and slow DCI, where slow DCI includes partial scheduling information, fast DCI includes the rest scheduling information.
· DCI scheme 2: multi-TTI scheduling via slow DCI, and single TTI scheduling via fast DCI if needed.

· DCI scheme 3: multi-TTI scheduling via a DCI.
· DCI scheme 4: single TTI scheduling via a DCI with partial scheduling information semi-statically configured
· DCI scheme 5: single TTI scheduling via a DCI, similar to the legacy operation
Analysis shows that scheme 2 provides the lowest DL control overhead for sTTI. Thus, the following is proposed. 
Proposal: DCI scheme 2 (multi-TTI scheduling via slow DCI, and single TTI scheduling via fast DCI if needed) shall be adopted for sTTI.
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Annex A
Table 1.Assumption
	Parameter
	Assumption

	sTTI allocation
	10 MHz

	CCE level of DCI 
	1,2,4,8；

Same in each TTI.

	UE number
	1,2,3;

Same in each TTI.

	TTI length
	2, 7;

Same in each subframe.

	Control overhead
	Assuming that scheduling information of first sTTI of each subframe are always in legacy PDCCH control region;

Legacy PDCCH control region in a subframe is 2 symbols. 
In DCI scheme 2: the possibility of fast DCI transmission in each sTTI region (excludes first sTTI) is BLER+ New packet transmission arrive rate rate.
In DCI scheme 3: 
· For 2-symbol TTI, the possibility of DCI transmission in each sTTI region (excludes first sTTI) is 1+6/7.
· For 7-symbol TTI, fast DCI transmission possibility in second slot region is 0.5.
In DCI scheme 1,4,5: 
· For each TTI, the possibility of DCI (fast DCI) transmission in each sTTI region (excludes first sTTI) is 1.


	BLER
	0.1

	New packet  transmission arrive rate for one TTI
	Assuming that 𝜆=8
For 2-symbol TTI: 8/103 * 1/7*(1+2+3+4+5+6)=2.4%;

For 7-symbol TTI: 8/103 * 1/2=0.4%;


Overhead for DCI scheme 5
Legacy single-level DCI transmits in each sTTI. Multiple UEs can be scheduled in each sTTI. 
The bit field assumption of DCI scheme 5 is shown in [6]. The DCI size is 57 bits.
Table 2.Control overhead ratio for DCI scheme 5 in each TTI, while 2-symbol TTI
	UE number in each TTI
	1 CCE
	2 CCE
	4 CCE
	8 CCE

	1
	16.43%
	18.57%
	22.86%
	31.43%

	2
	18.57%
	22.86%
	31.43%
	48.57%

	3
	20.71%
	27.14%
	40.00%
	65.71%


Table 3. Control overhead ratio for DCI scheme 5in each TTI, while 7-symbol TTI
	UE number in each TTI
	1 CCE
	2 CCE
	4 CCE
	8 CCE

	1
	14.71%
	15.14%
	16.00%
	17.71%

	2
	15.14%
	16.00%
	17.71%
	21.14%

	3
	15.57%
	16.86%
	19.43%
	24.57%


Overhead for DCI scheme 1
Two-level DCI, the slow DCI transmits in each PDCCH region and the fast DCI transmits in each sTTI. Multiple UEs can be scheduled in each sTTI.
The bit field assumption of DCI scheme 1 is shown in [5]. The slow DCI size is 37 bits and fast DCI size is 47bits.
Table 4. Control overhead of two-level DCI scheme 1, 2-symbol TTI
	UE number in each TTI
	1 CCE
	1.6CCE
(fast DCI has similar code rate  with 2 CCE legacy single-level DCI)
	3.3 CCE
(fast DCI has similar code rate with 4 CCE legacy single-level DCI)
	6.6 CCE
(fast DCI has similar code rate with 8 CCE legacy single-level DCI)

	1
	16.43%
	17.82%
	21.35%
	28.42%

	2
	18.57%
	21.35%
	28.42%
	42.56%

	3
	20.71%
	24.89%
	35.49%
	56.69%


Table 5. Control overhead of two-level DCI scheme 1, 7-symbol TTI
	UE number in each TTI
	1 CCE
	1.6CCE
(fast DCI has similar code rate  with 2 CCE legacy single-level DCI)
	3.3 CCE
(fast DCI has similar code rate with 4 CCE legacy single-level DCI)
	6.6 CCE
(fast DCI has similar code rate with 8 CCE legacy single-level DCI)

	1
	14.71%
	14.99%
	15.70%
	17.11%

	2
	15.14%
	15.70%
	17.11%
	19.94%

	3
	15.57%
	16.41%
	18.53%
	22.77%


Overhead for Two-level DCI scheme 2 
Two-level DCI, the slow DCI transmits in PDCCH region and the fast DCI transmits if needed. Multiple UEs can be scheduled in each sTTI.
The bit field assumption of DCI scheme 2 is shown in [5]. The slow DCI size is 62 bits and fast DCI size is 31 bits.
Table 6. Control overhead of DCI scheme 2, 2-symbol TTI
	UE number in each TTI
	1 CCE
	1.1CCE
(fast DCI has similar code rate  with 2 CCE legacy single-level DCI)
	2.2 CCE
(fast DCI has similar code rate with 4 CCE legacy single-level DCI)
	4.4 CCE
(fast DCI has similar code rate with 8 CCE legacy single-level DCI)

	1
	14.55%
	14.57%
	14.86%
	15.44%

	2
	14.82%
	14.86%
	15.44%
	16.60%

	3
	15.08%
	15.15%
	16.02%
	17.75%


Table 7. Control overhead of DCI scheme 2, 7-symbol TTI
	UE number in each TTI
	1 CCE
	1.1CCE
(fast DCI has similar code rate  with 2 CCE legacy single-level DCI)
	2.2 CCE
(fast DCI has similar code rate with 4 CCE legacy single-level DCI)
	4.4 CCE
(fast DCI has similar code rate with 8 CCE legacy single-level DCI)

	1
	14.33%
	14.33%
	14.38%
	14.48%

	2
	14.37%
	14.38%
	14.48%
	14.67%

	3
	14.42%
	14.43%
	14.58%
	14.87%


Overhead for DCI scheme 3
Single-level DCI, the DCI schemes schedules multiple TTIs each time.
The bit field assumption of DCI scheme 3 is shown in Table 8. The DCI size is 62 bits.

Table 8.Example on DCI scheme 3
	single-level sPDCCH

(referenced DCI format 2)

Total 62-65bits
	Carrier indicator
	3 bits

	
	Resource allocation header
	1 bit

	
	Resource block assignment
	11 bits

	
	TPC command for PUCCH
	2 bits

	
	HARQ Process
	3 bits

	
	Transport block to codeword swap flag
	1 bit

	
	Modulation and coding scheme  for TB1 
	5 bits

	
	New data indicator for TB1
	1 bit

	
	Redundancy version for TB1
	4*1 bits

	
	Modulation and coding scheme  for TB2 
	5 bits

	
	New data indicator for TB2
	1 bit

	
	Redundancy version for TB2
	4*1 bits

	
	Precoding information
	3 or 6bits 

	
	TTI number
	2 bit

	
	CRC
	16bits


Table 9. Control overhead of DCI scheme 3, 2-symbol TTI
	UE number in each TTI
	2 CCE
 (DCI has similar code rate with 1 CCE  legacy single-level DCI)
	2.2 CCE
(DCI has similar code rate with 2 CCE  legacy single-level DCI)
	4.4 CCE
(DCI has similar code rate with 4 CCE  legacy single-level DCI)
	8.7 CCE
(DCI has similar code rate with 4 CCE  legacy single-level DCI)

	1
	15.88%
	16.04%
	17.79%
	21.21%

	2
	17.47%
	17.79%
	21.29%
	28.13%

	3
	19.06%
	19.54%
	24.79%
	35.06%


Table 10. Control overhead of  DCI scheme 3, 7-symbol TTI
	UE number in each TTI
	2 CCE
 (DCI has similar code rate with 1 CCE  legacy single-level DCI)
	2.2 CCE
(DCI has similar code rate with 2 CCE  legacy single-level DCI)
	4.4 CCE
(DCI has similar code rate with 4 CCE  legacy single-level DCI)
	8.7 CCE
(DCI has similar code rate with 4 CCE  legacy single-level DCI)

	1
	14.71%
	14.76%
	15.23%
	16.15%

	2
	15.14%
	15.23%
	16.17%
	18.01%

	3
	15.57%
	15.70%
	17.11%
	19.88%


Overhead for DCI scheme 4
Shortened single-level DCI, the DCI scheme 4 schedules one TTI each time.
The bit field assumption of DCI scheme 4 is shown in [6]. The DCI size is 30 bits.

Table 11. Control overhead of DCI scheme 4, 2-symbol TTI
	UE number in each TTI
	1 CCE
 (shorten single-level DCI has similar code rate with 1 CCE  legacy single-level DCI)
	1.1 CCE
(shorten single-level DCI has similar code rate with 2 CCE  legacy single-level DCI)
	2.1 CCE
(shorten single-level DCI has similar code rate with 4 CCE  legacy single-level DCI)
	4.2 CCE
(shorten single-level DCI has similar code rate with 8 CCE  legacy single-level DCI)

	1
	16.43%
	16.64%
	18.79%
	23.29%

	2
	18.57%
	19.00%
	23.29%
	32.29%

	3
	20.71%
	21.36%
	27.79%
	41.29%


Table 12. Control overhead of scheme 4, 2-symbol TTI
	UE number in each TTI
	1 CCE
 (shorten single-level DCI has similar code rate with 1 CCE  legacy single-level DCI)
	1.1 CCE
(shorten single-level DCI has similar code rate with 2 CCE  legacy single-level DCI)
	2.1 CCE
(shorten single-level DCI has similar code rate with 4 CCE  legacy single-level DCI)
	4.2 CCE
(shorten single-level DCI has similar code rate with 8 CCE  legacy single-level DCI)

	1
	14.71%
	14.76%
	15.19%
	16.09%

	2
	15.14%
	15.23%
	16.09%
	17.89%

	3
	15.57%
	15.70%
	16.99%
	19.69%


Notes: “*” means that fast DCI does not need to support 8CCE, since the code rate is too lower than legacy single-level.

