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Introduction
Vehicle related communication was studied in LTE Rel-14 with two work items of V2V and V2X that completed in September 2016 and March 2017 respectively. Currently advanced use cases for V2X services categorized into four use case groups including vehicles platoonning, extended sensors, advanced driving and remote driving are given by SA1. For the purpose of supporting the advanced use cases above, a new work item of enhancement on V2X services is approved in WID [1] as V2X phase 2 work. 
In the Rel-15 V2X phase 2 work item, potential enhancements on PC5 operation are introduced in [1] with backward compatibility with Rel-14 V2X services and the following objective is provided:
3. 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, based on current conclusions from the Shortened TTI work item, we discuss how the current studies could be reused and modified in PC5-based V2X system, and analyze the feasibility and possible drawback of PC5 operation with Short TTI.
Discussion
The work item of “Shortened TTI and processing time” was approved in RAN #72 aiming at providing solutions with smaller latency. Discussions in this work item mainly include two topics: shortened processing time for 1ms TTI, and shortened TTI length together with shortened processing time. Agreements related to sTTI structure, sDCI scheduling, DMRS design and collision handling were made since RAN1 #86 meeting.
Shortened TTI could be introduced for PC5 operations to reduce transmit latency of V2X service. In addition to latency reduction, if the (initial) transmission of one TB could be in a single sTTI, the time domain granularity of V2X resource pool could be reduced and the impact of in-band emission could be mitigated.
Conclusions and solutions from Short TTI work item should be reused in PC5 operation as possible. For PC5-based operations with sTTI, some baselines need to be decided first and some designs of sTTI need to be modified to adapt to the properties of PC5 operation.
· sTTI transmission of SA and data
In PC5-based V2X system, it should be decided which messages are transmitted within shortened TTI. In our opinion, as a starting point, UE transmitting sSA and sData in the same shortened TTI including adjacent and non-adjacent case could be studied first. If UE has the capability of simultaneous transmission of sSA/sData and SA/data, we additionally suggest a possible case that UE transmits data in a legacy 1ms TTI and simultaneously transmits sSA in a shortened TTI which is in the same 1ms interval of associated data.
Proposal 1: UE transmitting sSA and sData in the same shortened TTI including adjacent and non-adjacent case should be studied as a baseline.
· Length of PC5-based sTTI 
In the Short TTI work item, the {DL, UL} sTTI length configurations including {2, 2}, {2, 7} and {7, 7} are supported. As a baseline, PC5 operation could start discussion with feasibility of 2\3\7-symbol sTTI. If more than one lengths of sTTI are supported, it needs to study when and how to configure a certain sTTI length to one or a group of UE. For example, sTTI length configuration could depend on resource pool type (SA or data), traffic content (CAM/DENM/others), and transmitter type (vehicle/infrastructure/pedestrian). 
Proposal 2: Length of sTTI could be studied among 2 or 3 or 7 symbols.
· sTTI resource configuration
Consider that PC5-based transmission with sTTI co-exists with Rel-14 functionality within the same resource pool, it should be discussed whether transmission with sTTI is supported using any resource within configured Rel-14 resource pool, or similarly to the agreement made by sTTI work item that some certain RB sets (additionally and/or time domain resource sets) are configured for sTTI transmission. If the overall resource pool can be used for transmission with sTTI, the complexity of blind detection will significantly increase especially when multiple lengths of sTTI are allowed in the pool. Another question is that whether a given resource block can be simultaneously configured to support sTTI of different lengths. 
Observation 1: It should be discussed whether transmission with sTTI is allowed in the total configured resource pool or only in some certain resources of the pool, and whether a given resource block can be configured to support more than one sTTI lengths. 
· DMRS design for sTTI
The DMRS design in Short TTI work item is agreed as that for DL 2\3-symbol sTTI, DMRS occupies 2 symbols per sTTI and X subcarriers per N RB(s), with X and N not finally decided, and for UL 7-symbol sTTI, RS occupies the 4th symbol in a sTTI. In PC5 operation, the DMRS design might need to be further discussed independently with at least higher density for each sTTI length to meet the requirement of V2X services. 
Observation 2: DMRS design for PC5-based V2X transmission using sTTI needs to be discussed independently to meet reliability requirement.
· SCI content
Reduction of sDCI payload size was discussed in Short TTI work item. Similarly, if sTTI is supported in SA pool, the content of SCI might similarly need to be reduced to fit resource unit size. If sTTI is also supported in data pool, the occupied number of PRBs for V2X transmission will increase compared with 1ms TTI, therefore the granularity of sub-channel could be correspondingly increased to reduce SCI payload. Other solutions discussed in Short TTI work item could also be taken into consideration.
Proposal 3: Increase the granularity of sub-channel to reduce SCI payload when sTTI is used by both SA and data transmissions.
· Collision between transmission using sTTI and Rel-14 transmission
Since Rel-15 PC5 functionality would co-exist with Rel-14 functionality in the same resource pool, potential collision between Rel-15 and Rel-14 transmissions should be discussed. Current collision avoidance mechanism based on 1ms subframe needs to be enhanced. For Rel-15 UEs with capability of decoding transmission with sTTI, whether the priority of decoding legacy 1ms transmission and decoding sTTI transmission depends only on PPPP should be clarified. We assume that resource allocation of transmission using sTTI and of transmission using 1ms TTI will not happen in the same subframe.
All transmissions using sTTI become interference for Rel-14 V2X UEs without capability on decoding sTTI on PC5 interface. We suggest multiple sTTI transmissions should try to select candidate sTTIs in fewer subframes thus performance of more subframes can be protected for Rel-14 UEs. For example, if two 7-symbol sTTI transmissions select different subframes then the two subframes should both be excluded due to partial collision in the sensing process, but if the two 7-symbol transmissions select two sTTIs in a same subframe then only one subframe will be excluded.
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Observation 3: Collision avoidance based on 1ms subframe needs to be enhanced for Rel-15 PC5 operations. Whether decoding priority between transmission using sTTI and transmission using 1ms TTI depends only on PPPP should be clarified.
· Support of shortened processing time using 1ms TTI
Finally we suggest that whether to support shortened processing time for V2X transmission using legacy 1ms TTI should be clarified. If support, then the modification on relevant parameters should be discussed.
Observation 4: Clarify whether shortened processing time for V2X transmission using legacy 1ms TTI should be supported.
Conclusion
Observation 1: It should be discussed whether transmission with sTTI is allowed in the total configured resource pool or only in some certain resources of the pool, and whether a given resource block can be configured to support more than one sTTI lengths. 
Observation 2: DMRS design for PC5-based V2X transmission using sTTI needs to be discussed independently to meet reliability requirement.
Observation 3: Collision avoidance based on 1ms subframe needs to be enhanced for Rel-15 PC5 operations. Whether decoding priority between transmission using sTTI and transmission using 1ms TTI depends only on PPPP should be clarified.
Observation 4: Clarify whether shortened processing time for V2X transmission using legacy 1ms TTI should be supported.
Proposal 1: UE transmitting sSA and sData in the same shortened TTI including adjacent and non-adjacent case should be studied as a baseline.
[bookmark: _In-sequence_SDU_delivery]Proposal 2: Length of sTTI could be studied among 2 or 3 or 7 symbols.
Proposal 3: Increase the granularity of sub-channel to reduce SCI payload when sTTI is used by both SA and data transmissions.
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