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Introduction
RAN plenary #75 approved a work item [1] for 3GPP V2X Phase 2 to support advanced V2X services as identified in SA1 TR 22.886. The following topics are part of the detailed objectives of this work item:
Study the feasibility and gain of PC5 operation with Short TTI, assuming this PC5 functionality would co-exist in the same resource pools as Rel-14 functionality with and without using the same scheduling assignment format, and provide RAN1 observations and recommendations to RAN by RAN#77. [RAN1, RAN2] 
a)	A following decision for normative work is up to consensus at RAN.
As discussed in [2], for mode 4 based PC5 transmission, the reductions in latency by using sTTI are very unclear, especially if the definition of the sensing window is not modified. Our view is that in this case, sTTI is only useful for increasing the reliability of the distributed resource allocation protocol. In this contribution, we present the sTTI solution for increasing the reliability of Mode 4 based PC5 transmissions. Simulation results are presented in [3].
Discussion
Mode 4 based PC5 transmissions in Rel-14
For mode 4 based PC5 transmissions, a UE by itself selects the set of resources for transmission of PSCCH and PSSCH according to a distributed resource allocation algorithm. The distributed algorithm is based on sensing and semi-persistent transmission. The sensing protocol relies on decoding PSCCH of other devices and measuring the received signal power. For two devices that are close to each other, it is likely that they will get the same sensing outcome. Semi-persistent transmissions from a device can occur within a fixed resource block allocation according to a pre-configured periodicity. Due to hardware limitations, the devices are typically half-duplex. This implies that a device cannot send and receive messages simultaneously. In case two devices are close to each other and happen to transmit in the same subframe, they will not be able to detect each other, and therefore, it is high likely that their future transmissions may collide again. This problem is known as persistent or recurrent collision, which reduces both the reliability and the capacity of Mode 4 based PC5 operations. 
Observation 1:
· Persistent collisions reduce the reliability of Mode 4 PC5 transmissions.
sTTI solution for improving reliability for mode 4 based PC5 transmissions
One solution for solving the semi-persistent collision problem is to modify the sidelink subframe structure for PSCCH and PSSCH by introducing a short TTI (sTTI) for sensing. A subframe can be divided into a number of sTTIs, where some of the sTTIs within the subframe can be used for transmitting DMRS, the control information payload, and the data payload, while the rest of the sTTIs within the subframe are used for opportunistic sensing of transmissions from other devices. Figure 1 illustrates an example of the use of sTTI for sensing. 
As shown in Figure 1, a fixed sTTI pattern is configured for PSCCH and PSSCH. In this example, a subframe of 14 SC-FDMA symbols is divided into 6 sTTIs according to the pattern (3, 2, 2, 2, 2, 3), which has been agreed for PUSCH. Each sTTI consists of one or a few SC-FDMA symbols to be used for data transmission, and may consist also one symbol for transmitting DMRS. It is assumed that the four DMRS symbols are placed at the same locations as for the legacy case, and that they are always transmitted to not affect the sensing performance for the legacy case. However, in some sTTI, the SC-FDMA symbols can be used for sensing instead. To minimize the impact on the AGC of potential receivers, , sTTI 0 is always used for the transmission of data payload. 
[bookmark: _GoBack]A UE can randomly select one or a few sTTIs, where it performs sensing instead of transmitting data payloads. As shown in Figure 1, UE 1 selects sTTI2 and sTTI3 for sensing (Figure 1 (a)), while UE 2 selects sTTI 1 for sensing (Figure 1Figure 1 (b)). By doing so, in case UE1 and UE2 are close to each other and happen to transmit in the same subframe, it is possible for them to detect each other and avoid future transmission collisions, and thereby, improving the reliability of mode 4 based PC5 transmissions. 
The simulation results for this solution are shown in [3].
Observation 2:
· The fixed sTTI patterns agreed for PUSCH can be reused for PSCCH and PSSCH.
· One or a few sTTI(s) within a subframe can be used for sensing instead of transmitting data payload.
· A UE can randomly select the sTTI(s) used for sensing.
Proposal 1: 
· Mode 4 PC5 operation with short TTI is considered for increasing reliability for Mode 4 PC5 transmissions.
· PSSCH use sTTI: 
· DMRS symbols are always transmitted
· First TTI, which includes symbol 0 (AGC), is always transmitted.
· One or more sTTIs are not used. Details FFS.
· PSCCH uses legacy SA format:
· DMRS symbols are always transmitted.
· Payload transmitted in the same symbols as PSSCH.
· FFS: Resource reselection details. 
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[bookmark: _Ref480876283]Figure 1. An example of using sTTI for sensing. (a) the data symbols in sTTI 2 and sTTI 3 are used for sensing for UE1; (b) the data symbols in sTTI1 is used for sensing for UE2.
Conclusion
In this contribution, we have discussed the use of sTTI for improving the reliability of Mode 4 based PC5 transmissions. We have observed and proposed the following:
Observation 1:
· Persistent collisions reduce the reliability of Mode 4 PC5 transmissions.
Observation 2:
· The fixed sTTI patterns agreed for PUSCH can be reused for PSCCH and PSSCH.
· One or a few sTTI(s) within a subframe can be used for sensing instead of transmitting data payload.
· A UE can randomly select the sTTI(s) used for sensing.
Proposal 1: 
· Mode 4 PC5 operation with short TTI is considered for increasing reliability for Mode 4 PC5 transmissions.
· PSSCH use sTTI: 
· DMRS symbols are always transmitted
· First TTI, which includes symbol 0 (AGC), is always transmitted.
· One or more sTTIs are not used. Details FFS.
· PSCCH uses legacy SA format:
· DMRS symbols are always transmitted.
· Payload transmitted in the same symbols as PSSCH.
· FFS: Resource reselection details. 
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