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Introduction
In some use-cases of ITS (Intelligent Transport System), requirement of data volume is small, requirement of latency is very low (such as lower than 10 msec), and frequency of communication is high. TR 36.885(V0.4.0) mentioned that sidelink resource allocation has to need to enhance [1]:
5.1.1 Resource allocation
It is observed that Rel-13 sidelink resource allocation is not sufficient for some of the scenarios for PC5-based V2V. Enhancements to Rel-13 sidelink resource allocation are necessary for PC5-based V2V.







In this contribution, we discuss enhancements to resource structure of PC5-based V2V in terms of low latency communication.
Discussion
In this contribution, the following are assumed in the examples,
· the frequency hopping flag is off
· sidelink transmission mode is 2 (autonomous resource selection)

■ Semi-persistent type resource allocation/selection method
It is impossible to transmit and receive simultaneously via sidelink, because sidelink is half-duplex communication. So, if an UE sends scheduling information to reserve resource blocks, the UE cannot receive scheduling information which other UE sends. It is possible that there are many vehicles with V2V-enabled UE near intersection. If many UEs simultaneously send scheduling information to reserve resource blocks in SCI time duration, these signals can be collided.
Observation 1	If UE frequently sends small packet via sidelink, the fewer the number of transmission times of scheduling information is, the higher the success probability of receiving that.
SCI (Sidelink control information) which D2D transmission UE sends includes Group Destination identifier, Modulation and Coding Scheme (MCS), Resource block assignment and hopping resource allocation, Frequency hopping flag, Time Resource Pattern (T-RPT), and Timing advance. New parameter should be needed in order to reduce the number of transmission times of SCI.
[bookmark: _GoBack]Proposal 1	SCI includes the number of valid PSCCH periods as a new parameter.
Figure 2.1 shows this method. In N-th PSCCH period, a D2D transmission UE sends PSCCH signal. A D2D reception UE receives the PSCCH signal. If the number of valid periods in PSCCH signal is more than 2, the reception UE receives resource blocks in not only N-th PSSCH period but also (N+1)-th PSSCH period according to SCI received in N-th PSSCH period. So, in (N+1)-th PSCCH period, the transmission UE skips transmissions of PSCCH signal. Consequently, it increases the reception success probability and it reduces the communication latency via sidelink.
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[bookmark: _Ref440627448]Figure 2.1 Semi-persistent like PSCCH 
*** The 1st method is low impact to current specification. The 2nd method, however, is higher impact than that of the 1st method. ***

■ PSCCH/PSSCH pool parallel type resource allocation/selection method
In Release 12, radio resource to transmit sidelink signal is scheduled once every PSCCH period. Therefore, if D2D transmission UE generates data traffic, the UE must wait for transmission of PSCCH signal until the beginning of the next PSCCH period. In fact, the communication latency is possible to be long. For example, if PSCCH period is set to 40 msec, which is the shortest length in Release 12, the worst-case of the communication latency is possible to be 35 msec. It is considered that this latency is unacceptable for low-latency application such as autonomous driving system. 
Observation 2	The minimum interval between two PSCCH periods (i.e. 40 msec) in Release 12 is not suited to low-latency application.
The easiest way to realize low-latency communication is that it shorten PSCCH period such as 10 msec. Figure 2.2 shows an example of shorter PSCCH period than that of current spec. The upper side is 40 msec, and the lower side is 10 msec. In this example, white subframe is used for PSCCH and gray subframe is used for PSSCH. Low-latency communication is realized by using short PSCCH period. However, PSSCH resource   could not be used in continuous multi-subframes, and control overhead is possible to increase.


[bookmark: _Ref440639685]Figure 2.2 example of shorter PSCCH period

Observation 3	shorter PSCCH periods is not well-suited to low-latency application.
So, we propose that it changes the structure of subframe pool of PSCCH/PSSCH. Figure 2.3 shows an example of new structure of PSCCH/PSSCH subframe pool. In this figure, PSCCH pool is configured in parallel with PSSCH pool. When Data is generated in D2D transmission UE in subframe #3, and transmission UE sends PSCCH signal in subframe #4. If SCI includes the offset subframes value between PSCCH signal and PSSCH signal, D2D reception UE can receive PSSCH signal which is sent by transmission UE. Then latency of communication is well-suited to low-latency application such as autonomous driving systems. In Figure 2.3, PSCCH pool uses continuous multi-subframes. However, if data traffic is small, PSSCH uses subframes sporadically in accordance with subframe bitmap pattern.
Proposal 2	It introduces the new structure of PSCCH/PSSCH pools, which uses continuous multi-subframes. In other words, PSCCH pool is configured in parallel with PSSCH pool.
Proposal 3	SCI includes the offset subframe value between PSCCH signal and PSSCH signal as a new parameter.

[image: ]
[bookmark: _Ref441063830]Figure 2.3 example of new structure of PSCCH/PSSCH subframe pool.
*** In Figure 2.3, offset value from PSCCH to PSSCH is set to two for simplicity’s sake. Offset subframe in SCI is possible to equal to zero, if chip performance (DFT precoding) and energy consumption (MPR) allows. ***

Summary
In section 2 we made the following observations:
Observation 1	If UE frequently sends small packet via sidelink, the fewer the number of transmission times of scheduling information is, the higher the success probability of receiving that.
Observation 2	The minimum interval between two PSCCH periods (i.e. 40 msec) in Release 12 is not suited to low-latency application.
Observation 3	shorter PSCCH periods is not well-suited to low-latency application.

Based of discussion in section 2, we propose the following:
Proposal 1	SCI includes the number of valid periods of PSCCH periods.
Proposal 2	It introduces the new structure of PSCCH/PSSCH pools, which uses continuous multi-subframes. 
Proposal 3	SCI includes the offset subframe value between PSCCH signal and PSSCH signal as a new parameter.
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