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Introduction
In order to support advanced V2X services as identified in SA1 TR 22.886[1], the WID of 3GPP V2X phase 2 is agreed in RAN #75 meeting [2], the detailed objectives are shown as following:
	The detailed objectives of this work item are as follows:
1. [bookmark: _GoBack]Specify solutions for the following PC5 functionalities, which can co-exist in the same resource pools as Rel-14 functionality and use the same scheduling assignment format (which can be decoded by Rel-14 UEs), without causing significant degradation to Rel-14 PC5 operation compared to that of Rel-14 UEs: [RAN1, RAN2, RAN4]
a) Carrier aggregation (up to 8 PC5 carriers);
b) 64QAM;
c) Reduce the maximum time between packet arrival at Layer 1 and resource selected for transmission;
d) Radio resource pool sharing between UEs using mode 3 and UEs using mode 4;
2. Study the feasibility and gain of PC5 operation with Transmit Diversity, assuming this PC5 functionality would co-exist in the same resource pools as Rel-14 functionality and use the same scheduling assignment format (which can be decoded by Rel-14 UEs), without causing significant degradation to Rel-14 PC5 operation compared to that of Rel-14 UEs, and specify this PC5 functionality if justified. [RAN1, RAN2, RAN4]
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.
4. Specify necessary RF requirements for the specified PC5 functionalities in Band 47, where not covered by the Rel-15 work item “V2X new band combinations for LTE”. [RAN4]
5. Specify necessary RRM core requirements. [RAN4]
In this work item, no new numerology, waveform, and channel coding will be considered.
Based on the feedback from SA2 on LS “Support of Unicast and Groupcast transmission over PC5 for eV2X”, the scope of this work item may be further updated.



In this contribution, we will firstly analyze the necessity of shorten TTI in PC5, and then provide the design of shorten TTI structure.     
Discussion
Necessity of shorten TTI in PC5
According to the 22.886, some use cases require higher reliability and lower latency, which are shown in table 1. For use case 5.5 phase 2, it requires 10ms latency and [99.99%] reliability. As known in TR22.886, the typical number of vehicle in a platoon is 5 trucks, and each vehicle UE needs to monitor other UE’s message with higher reliability. In order to meet the reliability requirements, a packet may need to be transmitted more than 2 times. If the TTI in PC5 is still 1ms, it will lead to some half duplex issue and subsequent performance degradation within a platoon.  
Furthermore, in use case 5.20, it requires [3]ms latency and  [99.999%] reliability, the requirements of latency and reliability in use case 5.20 cannot be achieved by current 1ms TTI design. 
With shorten TTI in PC5, one legacy TTI can be split into several Shorten TTIs. It can provide more transmission opportunities in time-domain, which is beneficial to in-band emission, half duplex issue as well as the reliability. Furthermore, shorten TTI is also beneficial to latency reduction since it reduces the transmission and processing time.  
From the latency reduction aspects, the latency evaluation model in PC5 can be similar as that in cellular link, which can be seen in TR36.912 [3]. The UP latency is composed by three parts: transmission duration, Tx and Rx processing delay.  In FDD, the UP latency will be linearly scaled following the length of TTI. FDD latency evaluation model could be reused in PC5 latency analysis, as shown in Figure 1. The details value can be discussed further.  


Figure 1: Latency model in PC5

Observations 1: Introduction of shorten TTI in PC5 can provide gains on latency reduction and transmission reliability in PC5. Furthermore, shorten TTI is also beneficial to in-band emission and half duplex issue since it increases the transmission opportunities in time-domain. 
Proposal 1:  The UP larency in PC5 could be linearly scaled with the length of TTI, the detail values of transmission processing delay and reception processing delay could be discussed further.
Table 1: Use cases requiring higher reliability and lower latency
	Use case # 
	Use case name 
	Key requirements 

	5.1, set 2 
	eV2X support for Vehicle Platooning 
	PC5: 50-1200bytes, 100Hz, 10ms 

	5.5, phase 2 
	Automated Cooperative Driving for Short distance Grouping 
	PC5: Up to 1200bytes, 100Hz, 10ms, [99.99%] 

	5.9 
	Cooperative Collision Avoidance (CoCA) 
	PC5: [10]Mbps, up to [2]Mbytes, [100]Hz, [10]ms. [99.99%] 

	5.20 
	Emergency Trajectory Alignment 
	PC5: [30]Mbps, [3]ms. [99.999%] 



Shorten TTI structure in PC5
In Rel-14 V2X, the SA and its associated data are transmitted in same subframe, which is beneficial to latency reduction, in-band emission and half duplex. SA and its associated data can be transmitted in adjacent frequency to reduce the PAPR impacts. This mechanism can be reused in shorten TTI design.
In order to coexist with Rel-14 V2X UE in same resource pool, the resource occupied by shorten TTI should be sensed by legacy V2X UE. Therefore, it requires that the Rel-15 V2X UE shall transmit legacy SA and compatible DMRS sequence in same DMRS symbol even in shorten TTI structure. 
Base on the above analysis, the details of TTI channel structure is shown in Figure 1. If a Rel-15 V2X UE transmits SA and its associated data in shorten TTI mode in shared resource pool, it needs to transmit an associated legacy SA to announce that the related resource is occupied by the UE. With the consideration of half duplex issue, when the UE transmits the legacy SA, it cannot monitor any shorten TTI in this subframe. Then it is naturally that all the shorten TTIs in this legacy subframe should belong to the same UE.  
Further considerations on DMRS RSRP measurements in Rel-14 V2X sensing operation, the DMRS location and associated DMRS sequence for data transmission in shorten TTI could be the same as that in legacy V2X. As shown in Figure 2, DMRS sequence associated with data transmission in shorten TTI shall be generated according to the CRC ID of legacy SA.  DMRS sequences which are overlapped with the Shorten SA resource shall be punctured, and hence all the DMRS sequences are the same as legacy DMRS sequence except for the REs in Shorten SA resource, where the REs located into Shorten SA resource are used for SA or SA associated DMRS transmission. With this DMRS shorten mechanism, the legacy DMRS RSRP can be measured by legacy UE with minor impacts.  
Base on the above analysis, we can find that the Shorten TTI can be coexistent with Rel-14 V2X UE in same resource pool without significant impacts to the sensing operation of legacy UE. 
Furthermore, if shorten TTI is performed in a resource pool which is not shared with Rel-14 V2X, the channel structure in shorten TTI can be directly reused in this resource pool, as shown in Figure 3. If different shorten TTIs within a legacy subframe could be employed by different UEs, there may incur some new design on the SA and data channel structure. 
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Observation 2: Shorten TTI can be coexistent with Rel-14 V2X UE in the same resource pool without significant impacts to the sensing operation of legacy UE.
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]Proposal 2: SA and its associated data in shorten TTI shall be transmitted in the same shorten TTI. 
Proposal 3: In case of shared resource pool with Rel-14 V2X UE, if a Rel-15 V2X UE wants to transmit SA and its data in a shorten TTI, it needs to transmit an associated legacy SA to announce that the related resource is occupied.
Proposal 4: DMRS sequence associated with data transmission in shorten TTI shall be generated according to the CRC ID of the associated legacy SA. Additionally, the DMRS REs overlapped with shorten SA resource can be punctured.  



Figure 1: Shorten TTI structure in shared resource pool



Figure 2: Shorten DMRS sequence


Figure 3: Shorten TTI in dedicated resource pool
Conclusion
In this contribution, the design of shorten TTI in PC5 are discussed. Particularly, we have following observations and proposals:
Observations 1: Introduction of shorten TTI in PC5 can provide gains on latency reduction and transmission reliability in PC5. Furthermore, shorten TTI is also beneficial to in-band emission and half duplex issue since it increases the transmission opportunities in time-domain. 
Observation 2: Shorten TTI can be coexistent with Rel-14 V2X UE in the same resource pool without significant impacts to the sensing operation of legacy UE.
Proposal 1:  The UP latency in PC5 could be linearly scaled with the length of TTI, the detail values of transmission processing delay and reception processing delay could be discussed further.
Proposal 2: SA and its associated data in shorten TTI shall be transmitted in the same shorten TTI. 
Proposal 3: In case of shared resource pool with Rel-14 V2X UE, if a Rel-15 V2X UE wants to transmit SA and its data in a shorten TTI, it needs to transmit an associated legacy SA to announce that the related resource is occupied.
Proposal 4: DMRS sequence associated with data transmission in shorten TTI shall be generated according to the CRC ID of the associated legacy SA. Additionally, the DMRS REs overlapped with shorten SA resource can be punctured.  
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