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1. Introduction
In 3GPP RAN1 #84bis & #85 meeting, it’s agreed that the eNB may configure multiple SPS configurations for a given UE, and support cross carrier scheduling for sidelink SPS and dynamic scheduling for V2V with mode-1. In this contribution, we discuss further details of DCI in eNB scheduling mode.
2. SPS configuration
In 3GPP RAN1 #84bis meeting, it’s agreed that
· For SPS of V2V traffic for mode-1 SPS on PC5:

· The eNB may configure multiple SPS configurations for a given UE

· At least SPS-configuration-specific MCS (if MCS is part of the SPS-configuration) and SPS-configuration-specific periodicity can be configured

· FFS if/which other SPS parameters can differ across the SPS-configurations

· The eNB can dynamically trigger/release the different SPS-configurations by use of (E)PDCCH

· Details of the trigger/release are FFS

· Working assumption: The UE can indicate to the eNB that it does not intend to transmit data before a transmission associated to an SPS configuration

· FFS any details of the signaling protocol

· FFS whether eNB acknowledgment of the UE indication is needed
To support dynamic trigger/release the different SPS-configurations by use of (E)PDCCH, details of SPS configurations and DCI field for trigger/release should be specified.
Maximum number of SPS process
To support variable message size, such as 190-byte message and 300-byte message, transported message size and interval could differ across SPS configurations. 
In highway scenario, a vehicle in V2V communication may accelerate into ultra-high speed, such as 250km/h. To support this case, eNodeB should decrease MCS of PSSCH transmitted by the ultra-high speed vehicle and neighbor vehicles as soon as possible, considering that lower modulation order and code rate benefit the ultra-high speed scenario [1]. A possible solution of fast configuration is configuring multiple SPS process with variable modulation order and code rate by high layer signaling and activating different SPS process by dynamic signaling. Another solution is updating MCS by dynamic signaling. We prefer the first solution because of lower DCI payload size. Considering the cases discussed above, we propose that the maximum number of SPS process could be 4. An example of 4 SPS process configurations is shown in Table 1.
Proposal 1: The maximum number of SPS process could be 4.
Table 1 example of 4 SPS process configurations
	SL-SPS-configuration index
	message size
	number of PRB used for PSSCH
	interval
	Use case

	0
	300-byte
	48
	500ms
	Ultra-high speed, large message

	1
	190-byte
	32
	100ms
	Ultra-high speed, small message

	2
	300-byte
	24
	500ms
	Normal speed, large message

	3
	190-byte
	16
	100ms
	Normal speed, small message


Content of dynamic signaling used for SL SPS scheduling
SPS process index: Different SPS process configured for different message size or different vehicle speed could be activated by the dynamic signaling used for SL SPS scheduling. 
Resource location: Time resource location and frequency resource location, should be included in the dynamic signaling to avoid resource conflict resulted by vehicle location change. To limit dynamic signaling payload size, resource location could be jointly determined by SPS-configurations, dynamic signaling and subframe location in which the sidelink grant was received. For example, a SL grant could schedule PSCCH  in the first available subframe set which starts at least 4 subframes after the subframe in which the SL grant was received. The subfame set could be defined based on DFN. Considering the latency requirement, we suggest that the length of subframe set could be 5 subframes.  SL grant could indicate the PSCCH subframe location in the subframe set, and PSSCH subframe should be obtained by scheduling timing between SA and associated data which is configured by high layer. If retransmission is configured, PSCCH/PSSCH should be transmitted on N  continuous subframes in PSCCH/PSSCH resource pool, where the first subframe is determined according to SL grant and N is configured by high layer.
An example of eNB scheduling is shown as Figure 1. UL grant transmitted in subframe #0 of SFN #0 schedules subframe #1 in subframe #1 of DFN #0.   Tx UE should transmit SCI in PSCCH resource pool in subframe #1 in subframe #1 of DFN #0, and transmit data in PSSCH resource pool in subframe #0 in subframe #0 of DFN #1, where scheduling timing between SA and associated data is assumed as 4 subframes. If the number of transmission for one TB is configured as 2, and every data (re)transmission for the same TB has the associated SA transmission, then SCI/data should be transmitted on the two continuous subframes in PSCCH/PSSCH resource pool as shown in Figure 1.
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Figure 1 example of eNode scheduling
Proposal 2: Periodic subframe set should be defined based on DFN for time resource indication of PSCCH. The length of subframe set could be 5 subframes.
Priority of PSSCH transmission: In an intersection where traffic jam happens or in a spot where multi-car chain-reaction pileup happens, congestion may happen in V2V communication. In this case, a solution of congestion control is decreasing traffic frequency of all the vehicles. Another solution is prioritizing the vehicles to make sure that the vehicles with high priority could use radio resources without competition from other vehicles. The second solution does not need to decrease traffic frequency of high priority UEs. The high priority Ues could be determined by eNodeB and informed by dynamic signaling. 
Proposal 3: SPS process index, resource assignment in time/frequency domain and priority of PSSCH transmission could be updated by dynamic signaling.
Release SPS process

As discussed in above, multiple processes may be configured for one V2X service. Therefore, when the V2X service finishes, different SPS process could be released simultaneously to reduce overhead of (E)PDCCH. 
Proposal 4: Different SPS process could be released simultaneously.
Priority handling
For one V2X service, only one PSCCH and/or one PSSCH could be transmitted in a TTI from UE perspective. When conflict happens among multiple mode-1 SPS processes, transmission of process with lower priority should be dropped. This case usually happens between two SPS process corresponding to a same V2X service but with different interval. The priority of SPS could be defined by process index, e.g. lower process index means higher priority.
For possible conflict between mode-1 and mode-2 SPS process corresponding to a same V2X service from one UE perspective, mode-1 SPS should have higher priority. This case may happen in transition status, such as from IDLE to RRC_CONNECTED. 
Proposal 5: When conflict happens among multiple mode-1 SPS processes corresponding to a same V2X service, transmission of process with lower priority should be dropped. The priority of SPS could be defined by process index.
Proposal 6: For possible conflict between mode-1 and mode-2 SPS process corresponding to a same V2X service from one UE perspective, mode-1 SPS process should be handled with higher priority.
Examples of SL SPS configuration and DCI format x are shown in Table 2-Table 4.
Table 2 SL-SPS-configurations field description
	SL-SPS-configurations field
	Description
	Value examples

	Period
	Granularity of V2V message interval
	100ms

	Interval
	SPS interval in sidelink. Value in number of period.
	1,5,10,50

	Time resource set for PSCCH
	Subframe set in a period/interval used for PSCCH transmission. 
	

	Scheduling timing for PSSCH
	Scheduling timing between SA and associated data. Value in number of subframe.
	

	TPC
	TPC parameter for both PSSCH and PSSCH
	

	MCS
	Indicate TBS and modulation order for PSSCH transmission
	[0:31]

	N_PRB for PSSCH
	PRB number for PSSCH transmission
	[1: 
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	# of transmission 
	# of transmission one TB
	1,2,4


Table 3 DCI format x fields for SPS Activation 
	DCI format x field
	Length
	Description

	Trigger/release
	1
	set to '1'

	SPS-configuration Index
	2
	Indicate triggered SPS process.

	Resource for PSCCH
	TBD
	Include time resource location in a subframe set and frequency resource in SA pool

	Priority Indicator
	TBD
	Indicate priority of V2V traffic. It could also be used for SCI field.

	For SCI fields
	Frequency hopping flag 
	1
	

	
	Resource block assignment
	TBD
	Indicate frequency resource in PSSCH pool.
Note:Time resource is determined by time resource of PSCCH and scheduling timing for PSSCH


Table 4 DCI format x fields for SPS Release 
	DCI format x field
	Length
	Description

	Trigger/release
	1
	set to '0'

	SPS-configuration Bitmap
	4
	If a SPS process needs to be released, the corresponding bit in the bitmap is set to "1".


3. Cross carrier scheduling
In 3GPP RAN1 #84bis meeting, it’s agreed that 
· Support cross carrier scheduling for sidelink SPS and dynamic scheduling for V2V with mode-1

· PC5-based V2V design will support the multiple-operator scenario but not be optimized for it.

· Details FFS, e.g.,

· How to handle timing difference between eNB timing and PC5 timing, when it exists

· PC5 resource partitioning among multiple operators

· Resource coordination across operators is out of 3GPP scope.

From RAN1 and RAN2 perspective, the existing cross carrier scheduling mechanism for carrier aggregation can be reused if the similar feature introduced in PC5-based V2V.

Proposal 7: The current cross carrier scheduling related signaling for carrier aggregation can be reused as much as possible for V2V cross carrier scheduling.

However, it is still needed to handle timing difference between eNB timing and PC5 timing, when it exists. In the following we would discuss on the basis of two different ways. 

eNB calibration: If PC5 is configured with GNSS timing, eNB could deploy a GNSS module and obtain the timing difference between eNB timing and PC5 timing by itself. Then the eNB may send SL grant using eNB timing on licensed carrier, but the timing resource allocation for sidelink on dedicated carrier is based on PC5 timing.
UE reporting: Since UE have both eNB timing (for receiving SL grant) and PC5 timing (for transmitting V2V messages), it could assist to handle the timing difference problem. For example, UE could report the timing offset to eNB when it exists. 

Observation 1: eNB calibration or UE reporting could help to handle timing difference between eNB timing and PC5 timing, when it exists.

To support the multiple-operator scenario, PC5 resource partitioning among multiple operators could be used. For example, different operator uses different PC5 resource set, and the resource set could be partitioned in frequency domain and/or timing domain. Resource coordination across operators could be out of 3GPP scope.
If resource set is partitioned in timing domain, different operator’s eNB should maintain a same PC5 timing. However, if an operator needs to operate Mode-1, the timing difference between PC5 timing and eNB timing should be handled, and PC5 timing is suggested to use GNSS timing to support interworking among vehicles of different operator. Therefore, timing alignment among different operator’s eNB does not need additional standard effort.
Observation 2: Once the GNSS/PC5 timing is known at eNB, PC5-based V2V design could support the multiple-operator scenario without additional standardization effort.
4. Conclusion
In this contribution, we discussed further details to support mode-1 SPS on PC5. We propose that
Proposal 1: The maximum number of SPS process could be 4.
Proposal 2: Periodic subframe set should be defined based on DFN for time resource indication of PSCCH. The length of subframe set could be 5 subframes.
Proposal 3: SPS process index, resource assignment in time/frequency domain and priority of PSSCH transmission could be updated by dynamic signaling.
Proposal 4: Different SPS process could be released simultaneously.
Proposal 5: When conflict happens among multiple mode-1 SPS processes corresponding to a same V2X service, transmission of process with lower priority should be dropped. The priority of SPS could be defined by process index.
Proposal 6: For possible conflict between mode-1 and mode-2 SPS process corresponding to a same V2X service from one UE perspective, mode-1 SPS process should be handled with higher priority.
Proposal 7: The current cross carrier scheduling related signaling for carrier aggregation can be reused as much as possible for V2V cross carrier scheduling.

Observation 1: eNB calibration or UE reporting could help to handle timing difference between eNB timing and PC5 timing, when it exists.

Observation 2: Once the GNSS/PC5 timing is known at eNB, PC5-based V2V design could support the multiple-operator scenario without additional standardization effort.
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