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Introduction
In RAN1 93 meeting, semi-static CFI configuration for LTE URLLC was discussed and the agreements have been captured [1]:
semiStaticCFI-Config-r15		CHOICE{
			release							NULL,
			setup							SEQUENCE {
			semiStaticCFI-SubframeNonMBSFN-r15		INTEGER (1..4)		OPTIONAL,	 -- Need ON
			semiStaticCFI-SlotSubslotNonMBSFN-r15	INTEGER (1..3)		OPTIONAL,	 -- Need ON
			semiStaticCFI-SubframeMBSFN-r15			INTEGER (1..2)		OPTIONAL,	 -- Need ON
			semiStaticCFI-SlotSubslotMBSFN-r15		INTEGER (1..2)		OPTIONAL	 -- Need ON
			}
		}
However, semi-static CFI configuration leads PDCCH configuration restriction. In this contribution, we shall focus on restriction from semi-static CFI configuration and related solutions.
Restriction from semi-static CFI configuration
Semi-static CFI configuration makes PCFICH reliability up to 100%, however it leads PDCCH configuration restriction in some scenario that PDCCH overhead differs in different TTI, such as asymmetric uplink-downlink in TDD system.
In LTE, DL and UL grant occurs in downlink subframe. For downlink, self subframe scheduling is applied and for uplink, cross subframe scheduling is applied. When uplink and downlink configuration is asymmetric, it will lead that PDCCH resource per downlink subframe is different due to corresponding uplink subframe number per downlink subframe is different. 
In TDD, there are 7 uplink-downlink configurations, most of which uplink and downlink resource is asymmetric, as shown in Table 1. According to timeline between UL grant and PUSCH defined in [2], PUSCH subframe number scheduled by UL grant in subframe n is summarized in Table 2. It is obvious that PDCCH overhead for UL grant varies from subframe to subframe. If both UL and DL subframes are considered, the number of subframe scheduled by UL grant and DL grant in subframe n is shown in table 3. It shows that the ratio of maximum of PDCCH overhead for DL/UL grant and minimum of PDCCH overhead for DL/UL is 1.5~2.  If cross carrier scheduling is applied, the absolute difference between maximum of PDCCH overhead for DL/UL grant and minimum of PDCCH overhead for DL/UL grant increases.
Table 1 uplink-downlink configuration
	Uplink-downlink 
configuration
	Downlink-to-Uplink 
Switch-point periodicity
	Subframe number

	
	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	0
	5 ms
	D
	S
	U
	U
	U
	D
	S
	U
	U
	U

	1
	5 ms
	D
	S
	U
	U
	D
	D
	S
	U
	U
	D

	2
	5 ms
	D
	S
	U
	D
	D
	D
	S
	U
	D
	D

	3
	10 ms
	D
	S
	U
	U
	U
	D
	D
	D
	D
	D

	4
	10 ms
	D
	S
	U
	U
	D
	D
	D
	D
	D
	D

	5
	10 ms
	D
	S
	U
	D
	D
	D
	D
	D
	D
	D

	6
	5 ms
	D
	S
	U
	U
	U
	D
	S
	U
	U
	D



Table 2 Number of PUSCH subframe scheduled by UL grant in subframe n 
	TDD UL/DL
Configuration
	subframe number n

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	0
	2
	1
	
	
	
	2
	1
	
	
	

	1
	0
	1
	
	
	1
	0
	1
	
	
	1

	2
	0
	0
	
	1
	0
	0
	0
	
	1
	0

	3
	1
	0
	
	
	
	0
	0
	0
	1
	1

	4
	0
	0
	
	
	0
	0
	0
	0
	1
	1

	5
	0
	0
	
	0
	0
	0
	0
	0
	1
	0

	6
	1
	1
	
	
	
	1
	1
	
	
	1



Table 3 Number of subframe scheduled by UL grant and DL grant in subframe n (including UL and DL)
	TDD UL/DL
Configuration
	subframe number n

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	0
	3
	2
	
	
	
	3
	2
	
	
	

	1
	1
	2
	
	
	2
	1
	2
	
	
	2

	2
	1
	1
	
	2
	1
	1
	1
	
	2
	1

	3
	2
	1
	
	
	
	1
	1
	1
	2
	2

	4
	1
	1
	
	
	1
	1
	1
	1
	2
	2

	5
	1
	1
	
	1
	1
	1
	1
	1
	2
	1

	6
	2
	2
	
	
	
	2
	2
	
	
	2



In addition, Available PDCCH symbols for special subframe and normal subframe are different. Available PDCCH symbols are up to 2 in special subframe however available PDCCH symbols are up to 3 and 4 symbols in normal subframe for large bandwidth and small bandwidth [3]. In heavy load, maximum PDCCH symbols need to be configured to schedule data.  For example, 4 symbols in normal subframe are allocated for PDCCH while only 2 symbols in special subframe can be allocated for PDCCH. So special subframe and normal subframe need to be configured by different CFI values.
[bookmark: _GoBack]Proposal1: Asymmetric uplink-downlink resource and different subframe types lead difference PDCCH symbols per subframe in TDD.
Semi-static CFI pattern 
The above section shows that asymmetric uplink-downlink resource and different subframe type lead difference PDCCH symbols per subframe in TDD. So CFI pattern depending on uplink-downlink configuration is a good solution. For example, CFI pattern is [2 2 0 3 2 2 2 0 3 2] when uplink-downlink configuration 2 is applied for serving cell.
In addition, for dynamic TDD and TDD-TDD/TDD-FDD CA, one CFI pattern can be configured for every reference uplink-downlink configuration and actual PDCCH duration depends on CFI pattern configuration and reference uplink-downlink configuration.
Proposal2: Semi-static CFI pattern depending on uplink-downlink configuration can be considered to improve PDCCH resource efficiency.
Conclusions
In this contribution, we show our views on L1 enhancement for URLLC with following proposals:
Proposal1: Asymmetric uplink-downlink resource and different subframe types lead difference PDCCH symbols per subframe in TDD.
Proposal2: Semi-static CFI pattern depending on uplink-downlink configuration can be considered to improve PDCCH resource efficiency.
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