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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.
In this contribution, we present our views on the design options for PC5 operation with short TTI, and discuss the feasibility and effect of these options.
Discussion
Short TTI and sidelink transmission modes
In 3GPP Release 14, two transmission modes have been specified for PC5 based V2X operations.
· In mode 3, the eNB controls the sidelink transmissions. A UE is explicitly assigned, by means of a scheduling grant received from the eNB, a set of resources for transmission of PSCCH and PSSCH. This scheduling mode only applies to in-coverage UEs. 
· In mode 4, a UE by itself selects the set of resources for transmission of PSCCH and PSSCH according to a distributed resource allocation algorithm. This scheduling mode applies both to in-coverage and out-of-coverage UEs.
For mode 3 based PC5 transmissions, the delay between a received scheduling grant from the eNB and the corresponding PSCCH/PSSCH transmission can be reduced, if short TTI is supported by both Uu and PC5 interfaces.
Observation 1:
· Support of short TTI for both Uu and PC5 operations can reduce the latency for mode 3 based PC5 transmissions.
There is an ongoing WI on sTTI and reduced processing time for UL/DL transmissions [2][3]. Our position is that, if Mode 3 sTTI transmission is supported, then sTTI transmissions over the Uu interface should reuse the existing/ongoing sTTI specification work for UL/DL.
Proposal 1: 
· If mode 3 PC5 operation with short TTI is supported, any necessary sTTI feature for Uu reuses the existing/ongoing sTTI specification work. 
In contrast, 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 at most useful for increasing the reliability of the distributed resource allocation protocol. In [4], we describe the use of sTTI for increasing the reliability of Mode 4. Simulation results are presented in [5].
Observation 2:
· Latency reductions for mode 4 PC5 operation using sTTI are unclear.
· Mode 4 PC5 operation using sTTI may increase reliability.
Proposal 2: 
· Mode 4 PC5 operation with short TTI is only considered for the purpose of increasing reliability. 
SA formats for sTTI
Short TTI with legacy SA format
For Release 14 PC5 operation, the legacy SA and data are multiplexed in an FDM fashion and transmitted simultaneously in the same subframe. If the legacy SA format is reused for PC5 operation with short TTI, the RX UE must wait until the end of the subframe to be able to obtain the sidelink control information by decoding the SA first, and then starting to decode the data. 
On the other hand, short TTI with legacy SA can be useful for increasing the reliability of PC5 transmissions using Mode 4. For example, a few consecutive symbols or one short TTI from a subframe may be reserved such that instead of transmitting data, the UE performs sensing during this time duration to improve the resource selection efficiency and reduce the resource collision probability. 
Observation 3: 
· The reserved bits in the legacy SA format may be used to distinguish Rel-14 and Rel-15 transmissions and for additional signaling. 
2.2.2 Short TTI with new SA format
If new SA format is supported for PC5 operation with short TTI, then the time duration of the SA can be aligned with the data channel. This implies that the RX UE can start SA and data decoding at the end of the short TTI instead of waiting until the end of the subframe. However, since the time duration for SA is reduced compared to the legacy SA format, it is necessary to consider a new SA format. There are two possible alternatives:
· Increase the allocated bandwidth (e.g., use 4 RBs for 7OS sTTI).
· Reduce the payload.
Increasing the bandwidth may create a large impact on legacy UEs. In contrast, reducing the payload may be a more suitable approach.
2.2.2.1 Coexistence aspects
If a new SA format is introduced, then it is important to study the issues related to coexistence with Rel-14 UEs. There are two important aspects to consider:
1. Impact to sensing and resource selection by Rel-14 UEs.
2. Resource selection by the Rel-15 UEs using sTTI.
Regarding the first issue, using a different SA format clearly creates a problem to the sensing-based resource allocation mechanism. We distinguish three cases:
· Single-shot (i.e. without resource reservation) sTTI transmission without repetition. In this case, the sTTI transmission is independent from past and future transmissions. Although Rel-14 UEs may not sense correctly this type of sTTI transmissions, this is not important because they are not relevant from a sensing point of view. In this respect, single-shot sTTI transmissions have the same impact on other UEs than legacy single-shot transmissions.
· Single-shot sTTI transmission with repetition. Compared to the previous case, when using two transmissions for a TB, by reading the SA it is possible to predict the utilization of the resources used for the retransmission. The actual performance degradation experienced by Rel-14 UEs would depend on the amount of sTTI transmissions. 
· sTTI transmission with resource reservation. In this case, the entire chain of SAs is not decodable by Rel-14 UEs, potentially creating a large impact on them. Moreover, we believe that short-latency periodic transmissions are already well covered in the current spec. Hence, the benefits of sTTI transmission in this case is unclear.
Observation 4:
· Single-shot sTTI transmission without repetition has no additional impact on Rel-14 UEs.
· The impact of sTTI transmission with repetition depends on the amount of such transmissions. Further study is necessary.
· sTTI transmission with resource reservation has large impact on Rel-14 UEs. In addition, the benefits are unclear.
Taking into account the above restrictions, we believe that the usefulness of sTTI with new SA format is very questionable.
Proposal 3: 
· sTTI with new SA format is not supported. 
Conclusion
In this contribution, we have discussed the introduction of sTTI for PC5. We have observed and proposed the following:
Observation 1:
· Support of short TTI for both Uu and PC5 operations can reduce the latency for mode 3 based PC5 transmissions.
Proposal 1: 
· If mode 3 PC5 operation with short TTI is supported, any necessary sTTI feature for Uu reuses the existing/ongoing sTTI specification work. 
Observation 2:
· Latency reductions for mode 4 PC5 operation using sTTI are unclear.
· Mode 4 PC5 operation using sTTI may increase reliability.
Proposal 2: 
· Mode 4 PC5 operation with short TTI is only considered for the purpose of increasing reliability. 
Observation 3: 
· The reserved bits in the legacy SA format may be used to distinguish Rel-14 and Rel-15 transmissions and for additional signaling. 
Observation 4:
· Single-shot sTTI transmission without repetition has no additional impact on Rel-14 UEs.
· The impact of sTTI transmission with repetition depends on the amount of such transmissions. Further study is necessary.
· sTTI transmission with resource reservation has large impact on Rel-14 UEs. In addition, the benefits are unclear.
Proposal 3: 
· sTTI with new SA format is not supported. 
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