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1. Introduction
In 3GPP RAN1 #86 & #86bis meeting, several agreements on DCI design for dynamic scheduling and SL-SPS/UL-SPS are agreed. In this contribution, we discuss remaining details of DCI design in eNB scheduling mode.
2. DCI design
In 3GPP RAN1 #86 & #86bis meeting, it’s agreed that
· The following information is transmitted by means of the DCI format 5A or SL SPS DCI:

· Carrier indicator –3 bits.

· Lowest index of the subchannel allocation - 
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· SCI format 1 fields:

· Frequency resource location - 
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 bits
· Time gap between initial transmission and retransmission – 4 bits
· [Working assumption] SL SPS configuration index - 3 bits. This field is present only in SL SPS DCI.
· [Working assumption] Activation/release indication - 1 bit. This field is present only in SL SPS DCI.
· If the number of information bits in format 5A or SL SPS DCI mapped onto a given search space is less than the payload size of format 0 mapped onto the same search space, zeros shall be appended to format 5A or SL SPS DCI until the payload size equals that of format 0 including any padding bits appended to format 0.
· For dynamic scheduling, time location of the initial transmission is the first subframe included in the resource pool on the V2V carrier that occurs after 4 ms from the DCI 5A transmission subframe.
According to current agreement on initial transmission of dynamic scheduled sidelink subframe, there is a potential problem in TDD operation with cross-carrier scheduled V2V carrier. An example is shown in figure 1. A carrier with TDD configuration 1 is used to carry DCI for scheduling sidelink on another carrier. Assuming that all the subframes on PC5 carrier are in the resource pool, subframe #1 & #6 on PC5 carrier will not have corresponding downlink subframe to carry DCI on TDD carrier. In this case, 20% resource in the resource pool could not be used for V2V mode 3. If proportion of uplink subframe increases, more resource in the resource pool could not be used for V2V mode 3. 
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Figure 1 cross carrier scheduling from TDD carrier to carrier
A potential scheme to solve above problem is one downlink subframe carriers multiple DCI for scheduling different sidelink subframe. In the above example, subframe #1 on TDD carrier could be used for separately scheduling subframe #5 & #6 on PC5 carrier. In this case, an extra bit is needed to distinguish subframe #5 or #6 from another. In the following discussion, the extra bit(s) is called as “SL index” for convenience.
Considering all the TDD configurations in Table 1, SL index needs 1 bit at least for configuration 1-6, and 2 bits for configuration 0. DCI carried on subframe n could be used for scheduling the first subframe included in the resource pool on the V2V carrier that occurs after k ms from subframe n. Where the value k should be no smaller than 4, and k values for each TDD downlink subframes are shown in Table 2
Table 1: Uplink-downlink configurations

	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: k values for each TDD downlink subframes
	UL/DL

Configuration
	Subframe n

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	0
	4,6
	4,6,7
	-
	-
	-
	4,6
	4,6,7
	-
	-
	-

	1
	4,6
	4,6
	-
	-
	4
	4,6
	4,6
	-
	-
	4

	2
	4
	4,5
	-
	4
	4
	4
	4,5
	-
	4
	4

	3
	4,7
	4,7
	-
	-
	-
	4
	4
	4
	4
	4,7

	4
	4,6
	4,6
	-
	-
	4
	4
	4
	4
	4
	4

	5
	4
	4,5
	-
	4
	4
	4
	4
	4
	4
	4

	6
	4,7
	4,7
	-
	-
	-
	4,6
	4,6
	-
	-
	4,7


Proposal :
·  Introduce SL index field for TDD carrier scheduling another PC5 dedicated carrier.
· 1 bit for TDD configuration 1-6
· 2 bits for TDD configuration 0
3. Consideration on DCI size
According agreement in RAN1 #86 & #86bis meeting, the DCI size of SL dynamic scheduling and SL SPS is shown in Table 3. And minimum size of DCI format 0 is shown in Table 4.
Table 3: DCI size of SL dynamic scheduling and SL SPS
	numSubchannel
	1
	3
	5
	10
	15
	20

	Carrier indicator
	3
	3
	3
	3
	3
	3

	Lowest index of the subchannel allocation
	0
	2
	3
	4
	4
	5

	Frequency resource location
	0
	2
	4
	6
	7
	8

	Time gap between initial transmission and retransmission
	4
	4
	4
	4
	4
	4

	SL index (only for TDD x-carrer scheduling)
	1,2
	1,2
	1,2
	1,2
	1,2
	1,2

	SL SPS configuration index (only for SL SPS DCI)
	3
	3
	3
	3
	3
	3

	Activation/release indication (only for SL SPS DCI)
	1
	1
	1
	1
	1
	1

	Total number of SL dynamic scheduling DCI bits for FDD
	7
	11
	14
	17
	18
	20

	Total number of SL SPS DCI bits for FDD
	11
	15
	18
	21
	22
	24

	Total number of SL dynamic scheduling DCI bits
for TDD configuration 1-6
	8
	12
	15
	18
	19
	21

	Total number of SL SPS DCI bits for TDD
for TDD configuration 1-6
	12
	16
	19
	22
	23
	25

	Total number of SL dynamic scheduling DCI bits
for TDD configuration 0
	9
	13
	16
	19
	20
	22

	Total number of SL SPS DCI bits for TDD
for TDD configuration 0
	13
	17
	20
	23
	24
	26


Table 4: minimum DCI size of format 0
	Bandwidth
	1.4MHz
	3MHz
	5 MHz
	10 MHz
	15 MHz
	20 MHZ

	Flag for format0/format1A differentiation
	1
	1
	1
	1
	1
	1

	Hopping flag
	1
	1
	1
	2
	2
	2

	Resource block assignment
	5
	7
	7
	11
	12
	13

	MCS and RV
	5
	5
	5
	5
	5
	5

	NDI
	1
	1
	1
	1
	1
	1

	TPC for PUSCH
	2
	2
	2
	2
	2
	2

	Cyclic Shift for DMRS
	3
	3
	3
	3
	3
	3

	CQI request
	1
	1
	1
	1
	1
	1

	UL index or DAI (only for TDD)
	2
	2
	2
	2
	2
	2

	Total number of bits for FDD
	19
	21
	21
	26
	27
	28

	Total number of bits for TDD
	21
	23
	23
	28
	29
	30


All the combinations of Uu carrier with different bandwidth and PC5 dedicate carrier with different subchannel number are analyzed. The comparison between DCI size of SL scheduling and DCI format 0 are shown in Table 5 & Table 6 for FDD and TDD respectively. If the DCI size of format 5A is not larger than format 0, the first symbol in the cell is marked as ‘√’, else is marked as ‘╳’. If the DCI size of SL SPS is not larger than format 0, the second symbol in the cell is marked as ‘√’, else is marked as ‘╳’.
Table 5: comparison between DCI size of SL scheduling and DCI format 0 for FDD & TDD configuration 0

	Uu Bandwidth
PC5 numSubchannel     
	1.4MHz
	3MHz
	5 MHz
	10 MHz
	15 MHz
	20 MHZ

	1
	√√
	√√
	√√
	√√
	√√
	√√

	3
	√√
	√√
	√√
	√√
	√√
	√√

	5
	√√
	√√
	√√
	√√
	√√
	√√

	10
	√╳
	√√
	√√
	√√
	√√
	√√

	15
	√╳
	√╳
	√╳
	√√
	√√
	√√

	20
	╳╳
	√╳
	√╳
	√√
	√√
	√√


Table 6: comparison between DCI size of SL scheduling and DCI format 0 for TDD configuration 1-6
	Uu Bandwidth
PC5 numSubchannel     
	1.4MHz
	3MHz
	5 MHz
	10 MHz
	15 MHz
	20 MHZ

	1
	√√
	√√
	√√
	√√
	√√
	√√

	3
	√√
	√√
	√√
	√√
	√√
	√√

	5
	√√
	√√
	√√
	√√
	√√
	√√

	10
	√╳
	√√
	√√
	√√
	√√
	√√

	15
	√╳
	√√
	√√
	√√
	√√
	√√

	20
	√╳
	√╳
	√╳
	√√
	√√
	√√


According to above analysis, DCI size of SL dynamic scheduling or SL SPS is not more than DCI format 0 size in most cases. Network could choose the suitable combination of Uu carrier bandwidth and PC5 dedicate carrier subchannel number to operate V2V mode 3. 
For TDD operation, it is observed that if SL index field is introduced, the DCI size of SL scheduling does not introduce extra issue on alignment of DCI format 0.
Observation :
· DCI size of SL dynamic scheduling or SL SPS is not more than DCI format 0 size in most cases 

· If SL index field is introduced in TDD, the DCI size of SL scheduling does not introduce extra issue on alignment of DCI format 0.
4. Conclusion
In this contribution, we discussed further details of DCI design in eNB scheduling mode. 
Proposal :
·  Introduce SL index field for TDD carrier scheduling another PC5 dedicated carrier.
· 1 bit for TDD configuration 1-6
· 2 bits for TDD configuration 0
Observation :
· DCI size of SL dynamic scheduling or SL SPS is not more than DCI format 0 size in most cases 

· If SL index field is introduced in TDD, the DCI size of SL scheduling does not introduce extra issue on alignment of DCI format 0.
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