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1. Introduction
In RAN1#84, it has been agreed to support FDM of SA and associated data. Although two data transmission options are still FFS, SA design needs to be modified to fit the V2X operation. In this contribution, we provide our views on the necessary enhancement on SA for V2V operation.
	Agreements:
· For V2V communication on the PC5 interface:
· Option 1: Transmission of SA and its associated data on same subframe is supported
· This does not preclude SA and its associated data transmission in different subframes
· FFS other details
· Option 2: Each SA transmission precedes all of its associated data transmissions.
· FFS the timing relation between SA and its associated data
· FFS which option(s) to support for which type of traffic/resource allocation
· UE is not required to decode data that are transmitted before the subframe containing the successfully decoded associated SA.
· Further restrictions on number of PSCCH and PSSCH to be decoded in a subframe shall be considered
· Details FFS


2. Resource allocation for SA
In Rel-12 D2D, the number of SA transmissions is fixed to 2. To avoid half duplex problem, a predefined time-frequency domain hopping rule is used to determine the resource position of SA retransmission. The design of SA retransmission and hopping rule in Rel-12 D2D is mainly to solve the half duplex problem. In addition, if there is no half duplex, combining gain can be expected as the SA retransmission has the same content. 
Vehicle UEs have the same half duplex constraints as D2D UEs. Furthermore, for semi-persistent data transmission supported in V2V communication, if half-duplex problem is not solved, the impact may last for a rather long duration which should be avoided for safety applications. Therefore, SA retransmission should be considered to solve the half duplex problem as well. However, the number of SA retransmission and the resource selection of SA (re)transmission may not be the same as in Rel-12 D2D. 

Observation 1: SA retransmission is needed to solve half duplex problem

How SA retransmission is designed will be highly related to the decision on whether option 1 or option 2 will be supported. The same SA retransmission and hopping rule as in Rel-12 D2D can be reused if option 2 is supported. However, it has been shown that FDMed SA and associated data transmission can provide benefit on the resource efficiency and has better PRR performance [1]. If option 1 is supported, i.e. SA and the associated data can be transmitted in the same subframe, the number of SA transmissions and the time domain resource selection of SA transmission may be restricted by the number of data retransmissions and data resource selection.
Following alternatives can be considered for the design of SA retransmission if option 1 is supported:
Alt 1: SA retransmission is associated with data retransmission
The number of SA retransmission will depend on the number of data retransmission. The time domain resource selection of SA transmissions will be restricted by data transmission resource selection. That is, SA will always be transmitted in the same subframe with its associated data. 

Using this alternative, the SA retransmission will be associated with data retransmission. However, different from SA retransmission, the motivation for data retransmission is mainly to achieve combing gain for potential benefit of link budget. If SA can only retransmit in the same subframe of data retransmission, it cannot guarantee to solve half duplex, and the number of retransmission will be restricted. If there is no data retransmission, there is no SA retransmission either. In addition, as the time-frequency domain resource information of data transmission can only be obtained after SA decoding, SA combing gain cannot be expected. 

If SA retransmission reuses Rel-12 time-freq. domain hopping rule to solve half duplex problem, the flexibility of data resource selection will be degraded. With deterministic SA hopping rule, SA does not need to contain subframe resource information on associated data while data combining is obtained only if 1st SA is successfully decoded and 1st data is not successfully decoded. Therefore, Alt. 1 will be beneficial if payload size of SA needs to be compacted.
Observation 2: If SA always is transmitted in the same subframe with its associated data, SA content is compacted by implicit data subframe indication while resource selection flexibility and data combining gain is limited.
Alt 2: SA retransmission is independent of data retransmission

Option 1 does not preclude SA and its associated data transmission in different subframes. Therefore, it is possible to allow SA retransmits in a subframe different from the associated data. To solve the half duplex problem, the number of SA retransmission can be fixed to be 1, and rel-12 SA hopping rule can be reused. In order to enable combining reception of SA, a subframe reference needs to be associated with SA transmissions. In Rel-12 D2D, subframe index for data is identified using absolute time reference of DFN or SFN in addition to SA contents. Similarly, data subframes will be identified using DFN/SFN and SA contents for Alt. 2. Therefore larger signalling overhead for SA is necessary compared to Alt. 2. Independent transmission subframe of SA and data repetition is also necessary if number of repetition is different between SA and data.
For semi-persistent data transmission, a vehicle UE can trigger the resource reselection process if it decodes SA retransmission indicating that a nearby UE selects all the same subframe(s) as itself for semi-persistent data transmission. 
Observation 3: With SA retransmission independent of data retransmission, combining reception on SA and data is possible with Rel-12 SA hopping rule.
Therefore, we propose:

Proposal 1: SA retransmission independent of data retransmission is supported if necessary signalling fits available payload size for SA.
3. SA contents

SA content in the SCI format 0 would be modified according to V2X resource allocation mechanism and available payload size considering the impact of high Doppler support. Proposed modification is summarized in Table I.
Resource block assignment field can be modified if resource allocation flexibility is limited, e.g., due to simultaneous transmission of SA and data in the same subframe.

As periodic transmission with large periodicity or aperiodic transmission of short packet is assumed for V2X traffic, single or several MAC PDUs will be transmitted within short time duration of SA period, e.g., within 40 ms. In other words, periodic transmission occasion repeated within SA periodicity is no more appropriate for V2X operation. Therefore T-RPT will be modified to support one or several MAC PDU transmission by single SA. Detailed design can be discussed after SA resource allocation and necessity of simultaneous transmission of SA and data is concluded. 
Considering that DM-RS may occupy 4 symbols within a subframe, available payload for SA can be limited if resource size of 1 PRB is kept. Larger SA resource size is not feasible considering small packet size for V2X operation. Therefore 1 PRB needs to be kept for SA. Among existing fields in SCI format 0, TA and group destination ID can be candidates for payload size reduction. In Rel-12, uplink transmission timing was applied for data transmission with mode 1 resource allocation in order to minimize the impact on Uu. It was due to that SA transmitted in DL timing is followed by number of data subframes with multiple TBs in Rel-12 and transmission timing optimization has significant gain to reduce interference on uplink. On the other hand, for V2X, typical traffic is intermittent data with several hundred bytes, which can be transmitted within one subframe except repetition. Therefore we consider that merit of the uplink timing does not worth for the signalling cost of 11 bits. Especially if SA and data can be transmitted in the same subframe, TA for data is no more necessary. Group destination ID is introduced in order to support efficient L1 reception filtering for group call. On the other hand, for V2X operation, major use case is broadcast. Furthermore, UE may not able to skip buffering of any subframe because SA would be transmitted in any subframe in V2X operation. The group destination ID is only utilized for filtering of data decoding for some group communication use-case. Therefore the group destination field can be removed, simplified or optional. 
Nevertheless the demand for payload size reduction, some additional field will be introduced for V2X operation. Necessary modification for T-RPT will be a part of new field and resource reservation indicator can be considered for SPS scheduling. Further detail is discussed in our companion paper [1].
Table I: SCI field for V2X operation
	Field
	Analysis and possible modification 

	Frequency hopping flag (1 bit)
	Keep

	Resource block assignment and hopping resource allocation (5 – 13 bits)
	Can be modified if SA and data is transmitted in the same subframe

	Time resource pattern (7 bits)
	Modified to support FDM of SA and data
Transmission duration to configure the number of data repetition and MAC PDU to be introduced

	MCS (5 bit) – 64QAM shall not be used
	Keep

	TA (11 bits) 
	Removed if SA and data is transmitted in the same subframe

	Group destination ID (8 bits)
	Removed or optional if payload size is not sufficient

	[New] Reservation indicator
	Can be introduced for sensing mechanism


Therefore, we propose:
Proposal 2: SA resource size should be kept as 1 PRB considering small packet size for V2V operation.
Observation 4: SA contents needs to be compacted considering increase in the number of DM-RS symbols in a subframe.
Proposal 3: Transmission of SA and its associated data on same subframe is supported, TA field in SA is not supported for V2V operation.

4. Conclusion
In this contribution we showed our views on necessary enhancement on SA for V2V operation.
· Observation 1: SA retransmission is needed to solve half duplex problem
· Observation 2: If SA always is transmitted in the same subframe with its associated data, SA contents is compacted by implicit data subframe indication while resource selection flexibility and data combining gain is limited.
· Observation 3: With SA retransmission independent of data retransmission, combining reception on SA and data is possible if Rel-12 SA hopping rule is reused.
· Proposal 1: SA retransmission independent of data retransmission is supported if necessary signalling fits available payload size of SA.
· Proposal 2: SA resource size should be kept as 1 PRB considering small packet size for V2V operation.
· Proposal 3: Transmission of SA and its associated data on same subframe is supported, TA field in SA is not supported for V2V operation.
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