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1 Introduction

In last 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

Working Assumption: 

· 1-OFDM-symbol sTTI length will not be further studied

From the simulation results [2], the high overhead of downlink control information will reduce the DL gain of short TTI. Therefore, the DCI design should be studied carefully. This contribution mainly discusses the DCI design for short TTI.
2 Motivation on DCI design
Low latency in short TTI (sTTI) can be achieved by faster scheduling. In one hand, compared to 1ms TTI, DCIs for scheduling sTTI will be transmitted more frequently, so the DCI overhead will increase massively if no DCI enhancement is introduced. For example, within a subframe, there is only one DCI for one UE to schedule one PDSCH with 1ms TTI, but there are seven DCIs for one UE to schedule seven PDSCHs with 2-symbol TTI. Considering the high overhead of downlink control information will reduce the DL gain of sTTI, the DCI overhead for short TTI needs to be reduced. In the other hand, since it is expeted for critical service transmission to achieve scheduling information as fast as possible, the DCI design in short TTI should meet the low latency requirement of this kind traffic. Therefore, short TTI would not only consider the legacy SPS scheduling or multiple TTI scheduling, but also take into account the DCI for critical transmission.
Proposal 1: The overhead of DCI for short TTI should be reduced as much as possible.
Proposal 2: The DCI for short TTI should be supported for critical service transmission.
3 Two-level DCI design for sTTI
To reduce DCI overhead, some schemes on two-level DCI [2][3]

 REF _Ref447131893 \r \h 
[4] are given in last meeting. In this section, two kinds of two-level DCI schemes are discussed as follows. CA feature is considered in the paper. Besides, multiple UEs scheduling in one sTTI is assumed in this paper.
· Two-level DCI scheme 1: A DCI is split into slow DCI and fast DCI, where combination of slow DCI and fast DCI is desired to indicate transmission on one sTTI.
· Two-level DCI scheme 2: Slow DCI is used to schedule multiple transmissions on multiple sTTIs, which is updated at most once per subframe; fast DCI is used to indicate transmission on one sTTI.
3.1 Two-level DCI scheme 1: a combination of slow DCI and fast DCI
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 some control information, which has to be signalled at each scheduled sTTI. A short TTI capable UE needs to detect the slow DCI and the fast DCI before receiving PDSCH or sending PUSCH. As shown in Figure 1, the slow DCI is carried by legacy PDCCH and transmitted at most once per subframe and fast DCI is carried by sPDCCH and transmitted in each sTTI.
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Figure 1. two-level DCI scheme 1
3.1.1 Content 
An example on DCI separation is given in Table 1. Assuming DCI format 2 and system bandwidth of 50 PRBs, the size of DCI is about 57 bits in FDD system. 
Table 1.Example on DCI separation in scheme 1
	Legacy single-level sPDCCH

(referenced DCI format 2)

Total 57-60bits
	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
	2 bits

	
	Modulation and coding scheme  for TB2 
	5 bits

	
	New data indicator for TB2
	1 bit

	
	Redundancy version for TB2
	2 bits

	
	Precoding information
	3 or 6bits 

	
	TTI length
	1 bit

	
	CRC
	16bits



	Slow DCI

Total 37-41 bits
	· Carrier indicator 3 bits
· Resource allocation header 1 bit
· Resource block assignment  11 bits
· Transport block to codeword swap flag 1 bit
· Precoding information 3 or 6bits
· TTI length 1bit
· Resource allocation information for the sPDCCH  1-2 bits
· CRC 16bits
	
	Fast DCI

Total 38 bits
	· HARQ process number 3bits
· MCS for TB1  5 bits

· RV for TB1 2 bits

· NDI for TB1 1bit
· MCS for TB2  5 bits

· RV for TB2 2 bits

· NDI for TB2 1bit
· TPC command for PUCCH 2bits
· DMRS indication 1bit
· CRC 16bits


Notes: “Resource allocation information for the sPDCCH” means the location or format of sPDCCH. It also means the sPDCCH can be embedded into the shortened PDSCH [6]. The UE blindly detects fast DCI in its own assigned PDSCH. It improves efficient resource utilization compared to some REs of control information always reserved in each short TTI. 
3.1.2 Overhead analysis
In this section, we provide the code rates for two-level DCI scheme 1 in case of different TTI length, and compare the overhead for various TTI lengths assuming a certain CCE aggregation level. Assuming the 58-bit legacy single-level DCI, 38-bit slow DCI and 38-bit fast DCI as discussed above, the resulting code rate is shown in table 2 for different aggregation levels, assuming QPSK modulation and a CCE size of 36 RE. Other calculation assumptions of overhead are listed in Table 16 of Annex. 
Table 2.Code rates for fast and slow DCI assuming QPSK and 36 RE CCE
	
	1 CCE
	2 CCE
	4 CCE
	8 CCE

	Legacy single-level DCI
	0.792 (57/72)
	0.396 (57/144)
	0.198 (57/288)
	0.099 (57/576)

	Slow DCI
	0.514 (37/72)
	0.257 (37/144)
	0.128 (37/72)
	0.064 (37/576)

	Fast DCI
	0.528 (38/72)
	0.264 (38/144)
	0.132 (38/72)
	0.066 (38/576)


Here assumes that slow DCI and fast DCI in first sTTI of each subframe are always in legacy single-level PDCCH control region. The overhead ratio of legacy single-level DCI, two-level DCI scheme 1 are shown Table 17-Table 19 and Table 20 -Table 22 in Annex respectively. Based on Table 2, the code rate of 2CCE legacy single-level DCI is the similar as 1.3CCE fast DCI. Therefore, it is expected the introduction of fast DCI could reduce the control overhead compared with using legacy single-level DCI in each sTTI. 
Control overhead reduction ratio is (b-a)/a, where, a = control overhead of legacy single-level DCI scheme in each sTTI; b = control overhead of two-level DCI scheme 1. Here assume the same UE number for two-level DCI, shorten single-level DCI and legacy single-level DCI. The results of overhead reduction ratio from two-level DCI scheme 1 over legacy single-level DCI scheme in each sTTI are shown in Table 3-Table 5.
Table 3.Control overhead reduction ratio of scheme 1 over legacy single-level DCI for a subframe
(1 UE in each TTI)
	legacy single-level DCI's CCE level
	1 CCE 
	2 CCE
	4 CCE
	8 CCE 

	fast DCI's CCE level
	1 CCE
	1 or 2 CCE 

(average 

1.3 CCE)
	1, 2 or 4 CCE
(average 

2.6 CCE)
	1, 2, 4 or 8 CCE 
(average 

5.2 CCE)

	2-symbol TTI
	0.0%
	-8.1%
	-13.1%
	-19.1%

	4 or 3-symbol TTI
	0.0%
	-5.3%
	-9.3%
	-14.7%

	7-symbol TTI
	0.0%
	-2.0%
	-3.8%
	-6.8%


Table 4.Control overhead reduction of scheme 1 over legacy single-level DCI for a subframe
(2 UEs in each TTI)
	legacy single-level DCI's CCE level
	1 CCE 
	2 CCE
	4 CCE
	8 CCE 

	fast DCI's CCE level
	1 CCE
	1 or 2 CCE 

(average 

1.3 CCE)
	1, 2 or 4 CCE
(average 

2.6 CCE)
	1, 2, 4 or 8 CCE
(average 

5.2 CCE)

	2-symbol TTI
	0.0%
	-13.1%
	-19.1%
	-24.7%

	4 or 3-symbol TTI
	0.0%
	-9.3%
	-14.7%
	-20.7%

	7-symbol TTI
	0.0%
	-3.8%
	-6.8%
	-11.4%


Table 5.Control overhead reduction of scheme 1 over legacy single-level DCI for a subframe
(3 UEs in each TTI)
	legacy single-level DCI's CCE level
	1 CCE 
	2 CCE
	4 CCE
	8 CCE 

	fast DCI's CCE level
	1 CCE
	1 or 2 CCE 

(average 

1.3 CCE)
	1, 2 or 4 CCE
(average 

2.6 CCE)
	1, 2, 4 or 8 CCE
(average 

5.2 CCE)

	2-symbol TTI
	0.0%
	-16.6%
	-22.5%
	-27.4%

	4 or 3-symbol TTI
	0.0%
	-12.3%
	-18.2%
	-23.9%

	7-symbol TTI
	0.0%
	-5.3%
	-9.3%
	-14.7%


Based on Table 3-Table 5, we can observe that:
Observation 1: The overhead of two-level DCI scheme 1 if the TTI length is 2 symbols is that

· It does not reduce control overhead compared to legacy single-level DCI with 1CCE aggregation level. 
· It reduces 8.1%~27.4% control overhead compared to legacy single-level DCI with larger than 1CCE aggregation level.
3.2 Two-level DCI scheme 2:  slow DCI for multiple sTTIs scheduling, a fast DCI for one sTTI separately if needed
In scheme 2, the slow DCI can be used to schedule multiple transmissions on multiple sTTIs, which is updated at most once per subframe. A fast DCI can be used to indicate transmission on one sTTI if needed. 
Compared with single-level DCI, even if the payload size of single-level DCI is similar with fast DCI in scheme2, the overhead of fast DCI would be smaller than single-level DCI since the fast DCI does not need to transmit in each TTI. Besides, the shorten single-level DCI design will limit scheduling flexibility, which may lead the throughput loss for all kinds of traffic. However, the scheme 2 could be similar to SPS scheduling for uncritical service transmissions. A short TTI capable UE needs to detect the slow DCI before uncritical transmission, and detect the fast DCI if needed. Furthermore, for critical transmission, the only fast DCI could be also considered in scheme 2. The payload size of critical fast DCI could be designed as same as uncritical fast DCI for limiting blind detection, if there is some predefined scheduling information for critical transmission. As shown in Figure 2, the slow DCI is carried in legacy control region and is transmitted at most once per subframe. Fast DCI is carried in sPDCCH region and transmitted if needed. 
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Figure 2. Two-level DCI scheme 2
3.2.1 Content
An example on two-level DCI scheme 2 is given in Table 6. Assuming DCI format 2 and system bandwidth of 50 PRBs, the size of DCI is about 57 bits in FDD system.
Table 6.Example on DCI separation in scheme 2
	Legacy single-level PDCCH

(referenced DCI format 2)

Total 57-60bits
	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
	2 bits

	
	Modulation and coding scheme  for TB2 
	5 bits

	
	New data indicator for TB2
	1 bit

	
	Redundancy version for TB2
	2 bits

	
	Precoding information
	3 or 6bits 

	
	TTI length
	1 bits

	
	CRC
	16bits



	slow DCI

(multiple sTTIs scheduling)
Total 65-69bits
	· all the legacy single-level PDCCH bits
· Pre-scheduling TTI bitmap 7bits
· Resource indicator of fast DCI  1-2bits
	
	fast DCI 

(for uncritical transmission)

Total 30 bits
	· Fast DCI content indicator 1bits
· HARQ process number 3bits
· MCS offset for TB1  2 bits

· RV for TB1 2 bits

· NDI for TB1 1bit
· MCS offset for TB2  2 bits

· RV for TB2 2 bits

· NDI for TB2 1bit
· CRC 16bits

	
	· 
	
	fast DCI 

(for critical transmission)

Total 30 bits
	· Fast DCI content indicator 1bits
· HARQ process number 3bits
· MCS offset for TB1  2 bits

· NDI for TB1 1bit
· MCS offset for TB2  2 bits

· NDI for TB2 1bit
· TTI length 1bit
· Resource allocation candidate set indicator 2bits
· reserved 1bit
· CRC 16bits


Notes: resource allocation candidate set is assumed to allocate the critical transmission from some predefined resource candidate sets, which are configured by higher layer.

Notes: For critical transmission, it assumes that the RV order is predefined. 
Notes: 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.
Notes: Fast DCI content indicator is assumed to distinguish whether fast DCI is for critical transmission or not. 
3.2.2 Overhead analysis
In this section, we provide the code rates for two-level DCI scheme 2 in case of different TTI length, and compare the overhead for various TTI lengths assuming a certain CCE aggregation level. Assuming the 57-bit legacy single-level DCI, 65-bit slow DCI and 30-bit fast DCI as discussed above, the resulting code rate is shown in table 7 for different aggregation levels, assuming QPSK modulation and a CCE size of 36 RE. Other calculation assumptions of overhead are listed in Table 16 of Annex. 
Table 7.Code rates for fast and slow DCI assuming QPSK and 36 RE CCE
	
	1 CCE
	2 CCE
	4 CCE
	8 CCE

	Legacy single-level DCI
	0.792 (57/72)
	0.396 (57/144)
	0.198 (57/288)
	0.099 (57/576)

	Slow DCI
	0.90(65/72)
	0.45(65/144)
	0.23(65/288)
	0.12(65/576)

	Fast DCI
	0.417 (30/72)
	0.208 (30/144)
	0.104 (30/72)
	0.052(30/576)


Similarly, two-level DCI scheme 2 also assumes that slow DCI and fast DCI in first sTTI of each subframe are always in legacy single-level PDCCH control region. The overhead ratios of two-level DCI scheme 2 are shown in Table 23 -Table 25 in Annex. Based on Table 7, the code rate of 2CCE legacy single-level DCI is the similar as 1CCE fast DCI. Therefore, it is also expected the introduction of fast DCI could reduce the control overhead compared with using legacy single-level DCI in each sTTI. 

Control overhead reduction ratio is (c-a)/a, where, a = control overhead of legacy single-level DCI scheme in each sTTI; c = control overhead of two-level DCI scheme 2. Here also assumes the same UE number for two-level DCI and legacy single-level DCI. The results of overhead reduction ratio from two-level DCI scheme 2 over legacy single-level DCI scheme in each TTI are shown in Table 8-Table 10.
Table 8. Control overhead reduction ratio of scheme 2 over legacy single-level DCI in each TTI 
(1 UE in each TTI)
	legacy single-level DCI's CCE level
	1 CCE 
	2 CCE
	4 CCE
	8 CCE 

	fast DCI's CCE level
	1 CCE
	1 CCE 
	2 CCE 
	4 CCE

	2-symbol TTI
	-11.6%
	-21.8%
	-35.4%
	-51.5%

	4 or 3-symbol TTI
	-7.3%
	-14.4%
	-25.0%
	-39.6%

	7-symbol TTI
	-2.6%
	-5.4%
	-10.1%
	-18.3%


Table 9. Control overhead reduction ratio of scheme 2 over legacy single-level DCI in each TTI
(2 UEs in each TTI)
	legacy single-level DCI's CCE level
	1 CCE 
	2 CCE
	4 CCE
	8 CCE 

	fast DCI's CCE level
	1 CCE
	1 CCE 
	2 CCE
	4 CCE

	2-symbol TTI
	-20.5%
	-35.4%
	-51.5%
	-66.7%

	4 or 3-symbol TTI
	-13.6%
	-25.0%
	-39.6%
	-55.8%

	7-symbol TTI
	-5.0%
	-10.1%
	-18.3%
	-30.7%


Table 10. Control overhead reduction ratio of scheme 2 over legacy single-level DCI in each TTI
(3 UEs in each TTI)
	legacy single-level DCI's CCE level
	1 CCE 
	2 CCE
	4 CCE
	8 CCE 

	fast DCI's CCE level
	1 CCE
	1 CCE 
	2 CCE
	4 CCE

	2-symbol TTI
	-27.6%
	-44.8%
	-60.8%
	-74.0%

	4 or 3-symbol TTI
	-18.9%
	-33.1%
	-49.1%
	-64.6%

	7-symbol TTI
	-7.3%
	-14.4%
	-25.0%
	-39.6%


Based on Table 8- Table 10, we can observe that:
Observation 2: The overhead of two-level DCI scheme 2 if the TTI length is 2 symbols is that
· It reduces 11.6%~27.6% control overhead compared to legacy single-level DCI with 1CCE aggregation level. 

· It reduces 21.8%~74.0% control overhead compared to legacy single-level DCI with larger than 1CCE aggregation level.

4 Shorten single-level DCI design for sTTI

Shorten single-level DCI is transmitted in each sTTI. Payload size of the DCI would be scaled for reducing control overhead. The shorten single-level DCI design would limit scheduling flexibility for all kinds of traffic due to small payload size, which may lead the throughput loss.
4.1.1 Content 

An example on DCI scaling is given in Table 11. Assuming DCI format 2 and system bandwidth of 50 PRBs, the size of DCI is about 57 bits in FDD system. 
Table 11.Example on DCI scaling in shorten single-level DCI
	Legacy single-level sPDCCH

(referenced DCI format 2)

Total 57-61bits
	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
	2 bits

	
	Modulation and coding scheme  for TB2 
	5 bits

	
	New data indicator for TB2
	1 bit

	
	Redundancy version for TB2
	2 bits

	
	Precoding information
	3 or 6bits 

	
	TTI length
	1bit

	
	CRC
	16bits



	shorten single-level DCI

Total 30 bits
	· HARQ process number 3bits
· MCS offset for TB1  2 bits

· NDI for TB1 1bit
· MCS offset for TB2  2 bits

· NDI for TB2 1bit
· TTI length 1bit
· Resource allocation 4bits
· CRC 16bits


. 
4.1.2 Overhead analysis
In this section, we provide the code rates for shorten single-level DCI in case of different TTI length, and compare the overhead for various TTI lengths assuming a certain CCE aggregation level. We assume the payload size of shorten single-level DCI is the same with the fast DCI of two-level DCI scheme 2. Assuming the 57-bit legacy DCI, 30-bit shorten single-level DCI as discussed above, the resulting code rate is shown in table 2 for different aggregation levels, assuming QPSK modulation and a CCE size of 36 RE. Other calculation assumptions of overhead are listed in Table 16 of Annex. 
Table 12.Code rates for fast and slow DCI assuming QPSK and 36 RE CCE
	
	1 CCE
	2 CCE
	4 CCE
	8 CCE

	Legacy single-level DCI
	0.792 (57/72)
	0.396 (57/144)
	0.198 (57/288)
	0.099 (58/576)

	Shorten single-level DCI
	0.417 (30/72)
	0.208 (30/144)
	0.104 (30/72)
	0.052(30/576)


Here assumes that slow DCI and fast DCI in first sTTI of each subframe are always in legacy PDCCH control region. The overhead ratio of legacy single-level DCI, shorten single-level DCI are shown Table 17-Table 19 and Table 26 -Table 28 in Annex respectively. Based on Table 12, the code rate of 2CCE legacy DCI is the same as 1CCE shorten single-level DCI. Therefore, it is expected the introduction of shorten single-level DCI could reduce the control overhead compared with using legacy single-level DCI in each sTTI. 

Control overhead reduction ratio is (b-a)/a, where, a = control overhead of legacy single-level DCI scheme in each sTTI; b = control overhead of shorten single-level DCI. Here assume the same UE number for shorten single-level DCI and legacy single-level DCI. The results of overhead reduction ratio from two-level DCI scheme 1 over legacy single-level DCI scheme in each sTTI are shown in Table 13-Table 15.

Table 13.Control overhead reduction ratio of shorten single-level DCI over legacy shorten single-level DCI for a subframe
(1 UE in each TTI)
	legacy single-level DCI's CCE level
	1 CCE 
	2 CCE
	4 CCE
	8 CCE 

	shorten single-level DCI
's CCE level
	1 CCE
	1 CCE 
	2 CCE
	4 CCE

	2-symbol TTI
	0.0%
	-11.5%
	-18.8%
	-27.3%

	4 or 3-symbol TTI
	0.0%
	-7.7%
	-13.2%
	-20.9%

	7-symbol TTI
	0.0%
	-2.8%
	-5.4%
	-9.7%


Table 14.Control overhead reduction of shorten single-level DCI over legacy shorten single-level DCI for a subframe
(2 UEs in each TTI)
	legacy single-level DCI's CCE level
	1 CCE 
	2 CCE
	4 CCE
	8 CCE 

	shorten single-level DCI
's CCE level
	1 CCE
	1 CCE 
	2 CCE
	4 CCE

	2-symbol TTI
	0.0%
	-18.8%
	-27.3%
	-35.3%

	4 or 3-symbol TTI
	0.0%
	-13.2%
	-20.9%
	-29.5%

	7-symbol TTI
	0.0%
	-5.4%
	-9.7%
	-16.2%


Table 15.Control overhead reduction of shorten single-level DCI over legacy shorten single-level DCI for a subframe
(3 UEs in each TTI)
	legacy single-level DCI's CCE level
	1 CCE 
	2 CCE
	4 CCE
	8 CCE 

	shorten single-level DCI
's CCE level
	1 CCE
	1 CCE 
	2 CCE
	4 CCE

	2-symbol TTI
	0.0%
	-23.7%
	-32.2%
	-39.1%

	4 or 3-symbol TTI
	0.0%
	-17.5%
	-26.0%
	-34.2%

	7-symbol TTI
	0.0%
	-7.7%
	-13.2%
	-20.9%


Based on Table 13-Table 15, we can observe that:
Observation 3: The overhead of shorten single-level DCI if the TTI length is 2 symbols is that

· It does not reduce control overhead compared to legacy single-level DCI with 1CCE aggregation level. 

· It reduces 11.5%~39.1% control overhead compared to legacy single-level DCI with larger than 1CCE aggregation level.
Based on the Table 3-Table 5 , Table 8-Table 10 and Table 13-Table 15, it can observe that:
Observation 4: Two-level DCI scheme 2 can reduce more control overhead than two-level DCI scheme 1 and shorten single-level DCI.
From the above results and observations, we have the following proposal:
Proposal 3: Two-level DCI scheme 2 should be considered for short TTI.
5 Conclusion
In this contribution, two Two-level DCI schemes and single-level scheme are discussed, the following observations are given:
Observation 1: The overhead of two-level DCI scheme 1 if the TTI length is 2 symbols is that

· It does not reduce control overhead compared to legacy single-level DCI with 1CCE aggregation level. 

· It reduces 8.1%~27.4% control overhead compared to legacy single-level DCI with larger than 1CCE aggregation level.

Observation 2: The overhead of two-level DCI scheme 2 if the TTI length is 2 symbols is that

· 
It reduces 11.6%~27.6% control overhead compared to legacy single-level DCI with 1CCE aggregation level. 
· It reduces 21.8%~74.0% control overhead compared to legacy single-level DCI with larger than 1CCE aggregation level.
Observation 3: The overhead of shorten single-level DCI if the TTI length is 2 symbols is that

· It does not reduce control overhead compared to legacy single-level DCI with 1CCE aggregation level. 

· It reduces 11.5%~39.1% control overhead compared to legacy single-level DCI with larger than 1CCE aggregation level.
Observation 4: Two-level DCI scheme 2 can reduce more control overhead than two-level DCI scheme 1 and shorten single-level DCI.

Based on the above observations, we have the following proposal:

Proposal 1: The overhead of DCI for short TTI should be reduced as much as possible.

Proposal 2: The DCI for short TTI should be supported for critical service transmission.
Proposal 3: Two-level DCI scheme 2 should be considered for short TTI.
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Annex 
Table 16.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
	2,3/4,7;

Same in each subframe.

	Control overhead
	Assuming that slow DCI and fast DCI in first sTTI are always in legacy single-level PDCCH control region of each subframe;

PDCCH control region is 2 symbols in a subframe. 

	BLER
	0.1

	critical transmission rate 
	0.01


The formula (1) for control overhead for using legacy single-level DCI or two-level DCI scheme 1 is

[image: image3.wmf]**

**

sTTIindexm1

sTTIindex1

legacyPDCCHregionCCElevel36UEnumberinasT

TI

Controloverhead

PRBnumberinsystem1214symbols

 =-

 = 

  +     

 = 

    

å

                (1)

The formula (2) for control overhead for two-level DCI scheme 2 is
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Notes: m is the number of short TTI in a subframe, sTTI index is {0~m-1}.m is 12 for 1-symbol TTI, m is 6 for 2-symbol TTI. m is 4 for 4 or 3-symbol TTI. m is 2 for 7-symbol TTI. BLER=0.1.
Overhead for using legacy single-level DCI 
Legacy single-level DCI is transmitted in each sTTI. Multiple UEs can be scheduled in each sTTI. 
Table 17.Control overhead ratio for legacy single-level DCI in each TTI, while UE number is 1 in each TTI
	
	1 CCE
	2 CCE
	4 CCE
	8 CCE

	2-symbol TTI
	16.43%
	18.57%
	22.86%
	31.43%

	4 or 3-symbol TTI
	15.57%
	16.86%
	19.43%
	24.57%

	7-symbol TTI
	14.71%
	15.14%
	16.00%
	17.71%


Table 18. Control overhead ratio for legacy single-level DCI in each TTI, while UE number is 2 in each TTI
	
	1 CCE
	2 CCE
	4 CCE
	8 CCE

	1-symbol TTI
	23.71%
	33.14%
	52.00%
	89.71%

	2-symbol TTI
	18.57%
	22.86%
	31.43%
	48.57%

	4 or 3-symbol TTI
	16.86%
	19.43%
	24.57%
	34.86%

	7-symbol TTI
	15.14%
	16.00%
	17.71%
	21.14%


Table 19. Control overhead ratio for legacy single-level DCI in each TTI, while UE number is 3 in each TTI
	
	1 CCE
	2 CCE
	4 CCE
	8 CCE

	2-symbol TTI
	20.71%
	27.14%
	40.00%
	65.71%

	4 or 3-symbol TTI
	18.14%
	22.00%
	29.71%
	45.14%

	7-symbol TTI
	15.57%
	16.86%
	19.43%
	24.57%


Notes: “null” means the number of control information REs is larger than the total number of REs in a subframe.
Overhead for two-level DCI scheme 1
Table 20. Control overhead of two-level DCI scheme 1, while UE number is 1 in each TTI
	
	1 CCE
	1.3 CCE
(fast DCI has similar code rate  with 2 CCE legacy single-level DCI)
	2.6 CCE
(fast DCI has similar code rate with 4 CCE legacy single-level DCI)
	5.2 CCE
(fast DCI has similar code rate with 8 CCE legacy single-level DCI)

	2-symbol TTI
	16.43%
	17.07%
	19.86%
	25.43%

	4 or 3-symbol TTI
	15.57%
	15.96%
	17.63%
	20.97%

	7-symbol TTI
	14.71%
	14.84%
	15.40%
	16.51%


Table 21. Control overhead of two-level DCI scheme 1, while UE number is 2 in each TTI
	
	1 CCE
	1.3 CCE
(fast DCI has similar code rate  with 2 CCE legacy single-level DCI)
	2.6 CCE
(fast DCI has similar code rate with 4 CCE legacy single-level DCI)
	5.2 CCE
(fast DCI has similar code rate with 8 CCE legacy single-level DCI)

	2-symbol TTI
	18.57%
	19.86%
	25.43%
	36.57%

	4 or 3-symbol TTI
	16.86%
	17.63%
	20.97%
	27.66%

	7-symbol TTI
	15.14%
	15.40%
	16.51%
	18.74%


Table 22. Control overhead of two-level DCI scheme 1, while UE number is 3 in each sTTI
	
	1 CCE
	1.3 CCE
(fast DCI has similar code rate  with 2 CCE legacy single-level DCI)
	2.6 CCE
(fast DCI has similar code rate with 4 CCE legacy single-level DCI)
	5.2 CCE
(fast DCI has similar code rate with 8 CCE legacy single-level DCI)

	2-symbol TTI
	20.71%
	22.64%
	31.00%
	47.71%

	4 or 3-symbol TTI
	18.14%
	19.30%
	24.31%
	34.34%

	7-symbol TTI
	15.57%
	15.96%
	17.63%
	20.97%


Overhead for Two-level DCI scheme 2 
Table 23. Control overhead of two-level DCI scheme 2, while UE number is 1 in each TTI
	
	1 CCE
 (fast DCI has similar code rate 

with 2 CCE 

legacy single-level DCI)
	2 CCE
(fast DCI has similar code rate 

with 4 CCE 

legacy single-level DCI)
	4 CCE
(fast DCI has similar code rate 

with 8 CCE 

legacy single-level DCI)
	8 CCE

	2-symbol TTI
	14.52%
	14.76%
	15.23%
	*

	4 or 3-symbol TTI
	14.43%
	14.57%
	14.85%
	*

	7-symbol TTI
	14.33%
	14.38%
	14.47%
	*


Table 24. Control overhead of two-level DCI scheme 2, while UE number is 2 in each sTTI
	
	1 CCE
 (fast DCI has similar code rate 

with 2 CCE 

legacy single-level DCI)
	2 CCE
(fast DCI has similar code rate 

with 4 CCE 

legacy single-level DCI)
	4 CCE
(fast DCI has similar code rate 

with 8 CCE 

legacy single-level DCI)
	8 CCE

	2-symbol TTI
	14.76%
	15.23%
	16.17%
	*

	4 or 3-symbol TTI
	14.57%
	14.85%
	15.42%
	*

	7-symbol TTI
	14.38%
	14.47%
	14.66%
	*


Table 25. Control overhead of two-level DCI scheme 2, while UE number is 3 in each sTTI
	
	1 CCE
 (fast DCI has similar code rate 

with 2 CCE 

legacy single-level DCI)
	2 CCE
(fast DCI has similar code rate 

with 4 CCE 

legacy single-level DCI)
	4 CCE
(fast DCI has similar code rate 

with 8 CCE 

legacy single-level DCI)
	8 CCE

	2-symbol TTI
	14.99%
	15.70%
	17.11%
	*

	4 or 3-symbol TTI
	14.71%
	15.13%
	15.98%
	*

	7-symbol TTI
	14.43%
	14.57%
	14.85%
	*


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

Overhead for shorten single-level DCI scheme 
Table 26. Control overhead of shorten single-level DCI, while UE number is 1 in each TTI
	
	1 CCE
 (shorten single-level DCI has similar code rate with 2 CCE  legacy single-level DCI)
	2 CCE
(shorten single-level DCI has similar code rate with 4 CCE  legacy single-level DCI)
	4 CCE
(shorten single-level DCI has similar code rate with 8 CCE  legacy single-level DCI)
	8 CCE

	2-symbol TTI
	16.43%
	18.57%
	22.86%
	*

	4 or 3-symbol TTI
	15.57%
	16.86%
	19.43%
	*

	7-symbol TTI
	14.71%
	15.14%
	16.00%
	*


Table 27. Control overhead of shorten single-level DCI, while UE number is 2 in each sTTI
	
	1 CCE
 (shorten single-level DCI has similar code rate with 2 CCE  legacy single-level DCI)
	2 CCE
(shorten single-level DCI has similar code rate with 4 CCE  legacy single-level DCI)
	4 CCE
(shorten single-level DCI has similar code rate with 8 CCE  legacy single-level DCI)
	8 CCE

	2-symbol TTI
	18.57%
	22.86%
	31.43%
	*

	4 or 3-symbol TTI
	16.86%
	19.43%
	24.57%
	*

	7-symbol TTI
	15.14%
	16.00%
	17.71%
	*


Table 28. Control overhead of shorten single-level DCI, while UE number is 3 in each sTTI
	
	1 CCE
 (shorten single-level DCI has similar code rate with 2 CCE  legacy single-level DCI)
	2 CCE
(shorten single-level DCI has similar code rate with 4 CCE  legacy single-level DCI)
	4 CCE
(shorten single-level DCI has similar code rate with 8 CCE  legacy single-level DCI)
	8 CCE

	2-symbol TTI
	20.71%
	27.14%
	40.00%
	*

	4 or 3-symbol TTI
	18.14%
	22.00%
	29.71%
	*

	7-symbol TTI
	15.57%
	16.86%
	19.43%
	*


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