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1. Introduction

In RAN1#85, it has been agreed to support FDM of SA and associated data with adjacent manner, and TDM of SA and data [chairnote]. FDM of SA and associated data with potentially non-adjacent manner is still FFS. SA design needs to be modified to fit the V2X resource allocation options. In this contribution, we provide our views on the necessary enhancement on SA for V2V resource allocation.
	Agreements:
· Allow resource pool definition where SA and associated Data transmitted on the same subframe are always adjacent in frequency

· All the PRBs used for the SA and associated data transmissions should be contiguous in frequency.
· Details FFS

· For a SA and associated data resource pool it should be (pre)configured whether the SA and associated data transmission by all the UEs using this pool either occur on the same subframe in an adjacent manner, or occur on different subframes, (FFS or occur on the same subframe in a potentially non-adjacent manner).

· If the FFS part is not supported, this reverts the existing agreement “When SA and the associated data are transmitted in the same TTI, they can be transmitted in non-adjacent RBs.”

· Strive for not increasing the number of SA blind decoding to enable this.


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 multiplexing options for SA and data. The same SA retransmission and hopping rule as in Rel-12 D2D can be reused for TDMed SA and data. However, for FDMed SA and data, 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. Although optimum SA repetition mechanism depends on multiplexing options, RAN1 should be targeting a single framework applicable to all options considering necessary specification effort.

Proposal 1: RAN1 should strive for single frame work of SA resource allocation which is applicable all the multiplexing options of SA and data.

3. Resource allocation for data

In Rel-12 D2D, resource allocation for data is indicated by SA. In the SA, time/frequency locations of data repetitions for multiple MAC PDUs are included. Frequency hopping can be applied and time repetition pattern is selected in time domain. Since receiver UE can be aware of repetition resources for data once SA is successfully decoded, data combining is expected for better communication range. For V2X, achievable communication range is attracting interest for wider V2X communication on highway. Furthermore, wider communication range could be one of the competitive characteristics of LTE V2X compared to DSRC. So data combining needs to be supported for repetition transmission. 
Although the number of repetition is fixed in the specification in Rel-12, it should be reconsidered; in congested area, e.g., urban scenario with 15 km/h vehicular speed, repetition (with or without combining) rather degrades the PRR due to higher resource collision/interference. Therefore, number of repetition should not be fixed in the specification. Number of data repetition should be configured per resource pool or selected by transmitter UE. 
If we re-use or modify Rel-12 T-RPT design for repetition support, several aspects need to be considered. First, variable repetition number can be realized by disabling multiple MAC PDU scheduling by single SA. For example, number of ones in the selected T-RPT represents the number of data repetitions. Second, first (new) data transmission subframe can be implicitly indicated by SA. At least for FDMed SA and data, the subframe of first data transmission is obviously same as associated SA. Considering that, relative subframe offset for first data transmission compared to associated SA can be configured per resource pool. If the offset is zero, FDM else it is TDM of SA and data. 
Observation 2: Combining reception of data is beneficial to realize better communication range in the freeway scenario.

Observation 3: For urban scenario, repetition of data may degrade PRR due to resource collision/interference.
Proposal 2: Number of data repetition should be configurable. Whether the configuration is per resource pool or per packet is FFS.

Observation 4: Relative subframe offset between SA and associated first data transmission can be configured per resource pool.

4. SA contents

SA content in the SCI format 0 would be modified according to V2X resource allocation mechanism. Furthermore, in RAN1#85, a working assumption on the SA resource size and payload size was made; “2 consecutive PRB pairs in a subframe are used for each PSCCH if the number of SA bits is less than 64 including CRC”. In order to avoid increase in SA signalling overhead, it would be reasonable to assume SA bits less than 64 bits including CRC –In fact, even 2 PRB pair for SA is significant overhead. If SA coverage is a key performance in order to let sensing mechanism works effectively, RAN1 need to consider compact SA format. Proposed modification is summarized in Table I.
Frequency hopping: Although frequency hopping mechanism can be modified, necessary indication will be 1 bit.
Resource block assignment: Resource block assignment field can be modified if resource allocation flexibility is limited, e.g., sub-channelization. If M-PRBs are assumed to be a unit of sub-channel, log2(M) bits will be saved.
Time resource pattern: As discussed in section 3, Rel-12 T-RPT will be considered as baseline. T-RPT only indicates time resource pattern for data repetition(s). Timing relationship between SA and associated data is configured per resource pool. 
MCS: No modification is necessary for MCS.
TA: 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. Furthermore, SA and the associated data can be transmitted in the same TTI according to the agreement in RAN1#84bis. In that case, data shall be transmitted with DL timing. Hence TA for data is not always meaningful. 
Group destination ID: Group destination ID is introduced in order to support efficient L1 reception filtering for group call and interference randomization. On the other hand, for V2X operation, major use case is broadcast where all the UE receives all the V2X messages. Furthermore, UE may not be able to skip buffering of any subframe because SA would be transmitted in any subframe in V2X operation. Therefore major motivation would be interference randomization. Thus the group destination field can be removed, simplified or optional. 
Reservation indicator: Nevertheless the demand for payload size reduction, some additional field will be introduced for V2X operation. In our view, at least resource reservation indicator needs to be signalled by SA. The reservation indicator consists of two parts: reservation level (1 bit) and reservation interval (2 – 4 bits). Further detail is discussed in our companion paper [1, 2].
Table I: SCI field for V2X operation (including CRC)
	Field
	Analysis and possible modification 
	Payload size

	Frequency hopping flag
	Frequency hopping mechanism can be modified if necessary
	[1] bit

	Resource block assignment and hopping resource allocation 
	M-PRB sub-channelization may reduce signalling overhead
	{5 - log2(M), 
13 - log2(M)} bits

	Time resource pattern 
	Rel-12 T-RPT table is baseline. 

T-RPT only indicates time resource pattern for data repetition(s). Timing relationship between SA and associated data for first transmission is configured per resource pool. 
	[7] bits

	MCS 
	Keep
	5 bits

	TA
	Removed. TA is not applicable for FDMed SA and data. 
	0 bit (originally 11 bits)

	Group destination ID
	Removed or optional if payload size is not sufficient

Can be replaced by other ID 
	0 – 8 bits

	[New] Reservation indicator
	Introduced for sensing mechanism

Reservation level (1 bit) and reservation interval (2 – 4 bits) [X]
	3 – 5 bits

	CRC
	Keep
	16 bits


Therefore, we propose:

Observation 5: SA contents needs to be compacted considering the demand for wider coverage for SA. 
Proposal 3: SA contents shown in Table I is supported for LTE V2X.
5. Conclusion

In this contribution we showed our views on necessary enhancement on SA for V2V operation. Observations and proposals are summarized below:
· Observation 1: SA retransmission is needed to solve half duplex problem
· Observation 2: Combining reception of data is beneficial to realize better communication range in the freeway scenario.
· Observation 3: For urban scenario, repetition of data may degrade PRR due to resource collision/interference.
· Observation 4: Relative subframe offset between SA and associated first data transmission can be configured per resource pool.
· Observation 5: SA contents needs to be compacted considering the demand for wider coverage for SA.
· Proposal 1: RAN1 should strive for single frame work of SA resource allocation which is applicable all the multiplexing options of SA and data.
· Proposal 2: Number of data repetition should be configurable. Whether the configuration is per resource pool or per packet is FFS.
· Proposal 3: SA contents shown in Table I is supported for LTE V2X.
References
[1] NTT DOCOMO, R1-167355, “Further details of UE autonomous resource (re)selection for V2V”, RAN1#86, Aug. 2016.
[2] NTT DOCOMO, R1-167356, “Further details of sensing based semi-persistent resource selection for V2V”, RAN1#86, Aug. 2016

- 1/4 -

