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1. Introduction
In updated WID of LTE-based V2X Services [1], it is agreed to specify enhancements to UL and SL SPS transmissions for support of V2X services including multiple SPS configurations and support simultaneous Uu and PC5 operations in different carriers and configuring PC5 resources across carriers. In this contribution, we discuss further details of DCI for SL SPS in eNB scheduling mode, and details of cross carrier scheduling.
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 [2]. 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


DCI for SL SPS Activation and Release
DCI format 5A has been defined for dynamic scheduling. The following information is transmitted by means of the DCI format 5A:

- 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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- Time gap between initial transmission and retransmission - 4 bits 
SPS could be used for periodic V2X traffic, meanwhile dynamic scheduling could be used for busty V2X traffic. To reduce blind decoding times, it is better to make SL-SPS DCI length the same as DCI format 5A, and introduce SL-SPS-RNTI to differentiate dynamic scheduling and SPS, where the SL-SPS-RNTI is different from C-RNTI/SPS-RNTI/SL-D-RNTI. 
In cross carrier scheduling scenario, the total payload size of DCI format 5A is 7~20 bits and the fixed fields are “Carrier indicator (3bits)” and “Time gap between initial transmission and retransmission (4bits)”, therefore only “Time gap between initial transmission and retransmission” field could be reused for cross carrier SL-SPS activation/release. Considering the limited payload size, “Time gap between initial transmission and retransmission” should be moved to high layer signaling, meanwhile “Lowest index of the subchannel allocation” and “Frequency resource location” could be retained in SL-SPS DCI or moved to high layer signaling. 
There are two schemes for SL-SPS activation:

Scheme 1: single SL-SPS processes are activated/released by a DCI
Scheme 2: multiple SL-SPS processes are activated/released by a DCI
In scheme 1, “Lowest index of the subchannel allocation” and “Frequency resource location” could be retained in SL-SPS DCI for each activated SL-SPS process. Therefore, frequency resource allocation could be more flexible. 

In scheme 2, multiple SL-SPS process could be activated simultaneously, and each SL-SPS process may have different frequency resource allocation. Therefore, “Lowest index of the subchannel allocation” and “Frequency resource location” are useless, and they should be moved to high layer signaling. However scheme 2 is beneficial for dynamic control signaling overhead reduction.
Considering dynamic control signaling overhead is not a big issue in SPS, we prefer scheme 1 to keep flexibility on frequency resource allocation.

An example of scheme 1 is shown as Table 2.
Table 2 DCI format 5A fields for SL-SPS Activation/Release (Scheme 1)
	DCI format 5A field
	Length
	Description

	Carrier indicator
	3
	Carrier indicator

	Lowest index of the subchannel allocation
	0-5
	Lowest index of the subchannel allocation for activation;

Set to all '0's for release

	SCI format 1 fields
	Frequency resource location 
	0-8
	Frequency resource location for activation;

Set to all '0's for release

	
	Time gap between initial transmission and retransmission
	4
	Bit 0 & 1 set to ‘11’ for activation, set to ‘00’ for release,
Bit 2 & 3 set to activated/released SL-SPS process index 


An example of scheme 2 is shown as Table 3.

Table 3 DCI format 5A fields for SL-SPS Activation/Release (Scheme 2)
	DCI format 5A field
	Length
	Description

	Carrier indicator
	3
	Carrier indicator

	Lowest index of the subchannel allocation
	0-5
	Set to all '0's

	SCI format 1 fields
	Frequency resource location 
	0-8
	Set to all '0's

	
	Time gap between initial transmission and retransmission
	4
	Each bit map to a SPS process. If a SPS process needs to be activated /updated, the corresponding bit in the bitmap is set to "1". If a SPS process needs to be released, the corresponding bit in the bitmap is set to "0".


Proposal 2: SL-SPS DCI length is the same as DCI format 5A. 

Proposal 3: A UE shall validate a SL-SPS assignment DCI if the CRC parity bits are scrambled with SL-SPS-RNTI which is different from C-RNTI/SPS-RNTI/SL-D-RNTI. 

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 4: 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 5: 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.
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, e.g. CIF have been introduced in DCI format 5A for cross carrier dynamic 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: SL-SPS DCI length is the same as DCI format 5A. 

Proposal 3: A UE shall validate a SL-SPS assignment DCI if the CRC parity bits are scrambled with SL-SPS-RNTI which is different from C-RNTI/SPS-RNTI/SL-D-RNTI. 

Proposal 4: 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 5: 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.

We also discussed some detailed issues in cross carrier scheduling, and got the following observations:
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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