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Introduction
Based on the performance requirement of new V2X use cases provided by SA1, Short TTI was introduced in V2X Phase 2 for the purpose of latency reduction and increasing throughput. In RAN1 #88bis meeting, the evaluation methodology of sTTI was discussed with the following agreement:
Agreement:
· For study of PC5 operation with short TTI
· Evaluation of sTTI performance is done by means of analysis, link level and system level simulation
· Maximum latency between packet arrival at Layer 1 and resource selected for transmission improvement with sTTI compared with Rel-14 is evaluated
· Other latency improvements can be evaluated
· Improvement reliability can be considered including retransmission if used
· Impact on Rel-14 UEs is evaluated
· For system level evaluations, the target for maximum latency between packet arrival at Layer 1 and resource selected for transmission is [20] ms at least for Rel-15 UEs
· Discuss further the [20] ms value
Note: other evaluations (e.g., spectral efficiency) can be provided by interested companies
The sTTI simulation assumptions in V2X Phase 2 were also discussed. The Rel-14/15 UE proportion, traffic model, TTI structure and other parameters were decided.
This contribution discusses the potential gain and drawback of introducing sTTI in Rel-15 V2X, and considers some possible solutions for sTTI feature.
Impact on system performance
In Rel-15, sTTI feature is studied in order to reduce transmission latency. The latency reduction gain for mode 3 and mode 4 should be analyzed separately. For transmission mode 3, when sTTI is used on Uu interface, based on current progress of the ongoing Shortened TTI work item, delay in the SR-BSR process could be reduced. Similarly, when sTTI is used on PC5 interface, the delay between reception of scheduling grant and the associated PC5 transmission could be reduced. Therefore sTTI feature could reduce the latency of transmission mode 3.
For transmission mode 4, the main component of transmission latency is the time between packet arrival at Layer 1 and selected transmission resource. Therefore if only sTTI is used to reduce latency, the gain is weak. However sTTI could be beneficial when other latency reduction features are introduced. For example, when lower T2 in the selection window is determined, support of sTTI can compensate for the reduced number of candidate resources by using lower time domain granularity. Therefore sTTI feature could mitigate collision and improve system performance when other latency reduction mechanism is used. 
Another possible gain of introducing sTTI is that with finer time domain granularity, since there are more transmission resource units in time domain, the in-band emission and half duplex issue can be mitigated. 
Observation 1: sTTI feature is beneficial to latency reduction for transmission mode 3. For transmission mode 4, if other latency reduction features are introduced, sTTI feature is beneficial to collision control. Furthermore, sTTI reduces in-band emission and half duplex issue for both transmission modes. 
sTTI scenario
According to [2] [3] in the last meeting, the link level performance of sTTI transmission is degraded due to inaccurate channel estimation and frequency offset estimation, and only in some certain scenarios, improvement of system level performance can be observed. Therefore the suitable scenarios for sTTI feature should be discussed. 
In our opinion, in congested scenarios, the impact of in-band emission and half duplex is heavy, and UE will be harder to find candidate resources with low interference in the selection window. Therefore sTTI is possible to improve system performance in scenarios with high congestion level. On the other hand, the reliability gain of sTTI might be weak in scenarios with low system loading. 
UE moving speed is another relevant parameter. With high UE moving speed, the performance of channel estimation and frequency offset estimation degrades heavily and the link level performance is impacted. Therefore we suggest sTTI could be supported in urban scenarios, and the freeway scenarios should be further evaluated with simulation results.
Observation 2: support of sTTI could be based on congestion level or UE moving speed.
sTTI design
Design of sTTI structure in Rel-15 V2X was discussed in the last meeting. An important issue is substantial overhead caused by AGC, DMRS and guard symbols. Since AGC settling time and guard symbol generally occupy fixed length in each sTTI, lower sTTI length increases overhead and reduces transmission efficiency. Therefore sub-slot TTI granularity is not recommended for V2X system.
Since Rel-14 UE using legacy 1ms TTI and Rel-15 UE using sTTI might transmit V2X messages in a shared resource pool, the legacy DMRS pattern should be reused for sTTI to reduce the impact on sensing performance of Rel-14 UE. 
Proposal 1: Sub-slot TTI granularity is not recommended in V2X Phase 2 due to significant overhead. Legacy DMRS pattern in Rel-14 V2X should be reused for sTTI feature to reduce the impact on Rel-14 sensing performance.
Further enhancement on overhead reduction should be discussed. A possible solution is to reduce AGC settling time and Tx/Rx switching time such as partial symbol AGC settling and Tx/Rx switching. Lower Tx/Rx switching time might reduce decoding performance of the subsequent sTTI, but because Tx/Rx switching happens far less frequently than the reception behavior, the decoding loss could be assumed acceptable. Rel-14 UE is unnecessary to decode Rel-15 V2X transmissions therefore the modification has no impact on Rel-14 performance.
Proposal 2: Further enhancement on sTTI overhead reduction e.g. partial symbol AGC settling and/or Tx/Rx switching could be considered.
SA transmission using sTTI was also discussed. If sTTI is supported by PSCCH, data and SA could be transmitted in the same sTTI, then SA indication mechanism and sensing process in Rel-14 could be reused by Rel-15 sTTI transmission without substantial specification impact, and the scheduling complexity is low. Support of sTTI by PSCCH is also beneficial to latency reduction. 
The main issue is that SA transmitted in a sTTI cannot be decoded by Rel-14 UEs and the Rel-14 sensing accuracy will be impacted. However in the Rel-14 sensing process, most heavy interfered subframes could be excluded in the RSRP measurement process. Furthermore, even when Rel-15 SA is transmitted in a 1ms TTI and can be decoded by Rel-14 UE, we assume that Rel-14 UE cannot differentiate transmission using 1ms TTI and using sTTI, so the sensing result is still inaccurate. 
Since the complexity of collision avoidance with sTTI transmissions for Rel-14 UE, we suggest that a specific resource subset could be configured for Rel-15 UEs supporting sTTI even when the resource pool is shared between Rel-14 UE and Rel-15 sTTI UE. The sTTI resource subset could be TDMed (only suggested in mode 4) or FDMed with other resources in the pool. If the interference on some resource units belonging to the sTTI subset is low enough, e.g. listed in the candidate resources in sensing step 3, Rel-15 UEs could prior to select them for sTTI transmission.
Proposal 3: sTTI should be supported by PSCCH transmission. 
Proposal 4: A subset of resources in the shared V2X resource pool could be configured for Rel-15 UEs supporting sTTI to reduce the impact on Rel-14 transmission performance.
If sTTI is supported by PSCCH transmission, the payload size of SA might need be further reduced. Since PSSCH transmission with sTTI will need more PRB resources, we think the granularity of PSSCH could be increased when sTTI is supported. Then the length of frequency resource allocation field in SA could be reduced.
Proposal 5: For the purpose of reducing SA payload, the granularity of PSSCH could be increased when sTTI is supported.
Conclusion
This contribution discusses the impact of introducing sTTI feature and provides some preliminary consideration on sTTI design with the following observations and proposals:
Observation 1: sTTI feature is beneficial to latency reduction for transmission mode 3. For transmission mode 4, if other latency reduction features are introduced, sTTI feature is beneficial to collision control. Furthermore, sTTI reduces in-band emission and half duplex issue for both transmission modes. 
Observation 2: support of sTTI could be based on congestion level or UE moving speed.
Proposal 1: Sub-slot TTI granularity is not recommended in V2X Phase 2 due to significant overhead. Legacy DMRS pattern in Rel-14 V2X should be reused for sTTI feature to reduce the impact on Rel-14 sensing performance.
Proposal 2: Further enhancement on sTTI overhead reduction e.g. partial symbol AGC settling and/or Tx/Rx switching could be considered.
Proposal 3: sTTI should be supported by PSCCH transmission. 
Proposal 4: A subset of resources in the shared V2X resource pool could be configured for Rel-15 UEs supporting sTTI to reduce the impact on Rel-14 transmission performance.
Proposal 5: For the purpose of reducing SA payload, the granularity of PSSCH could be increased when sTTI is supported.
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