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1 Introduction

At the RAN#75, the work item on 3GPP phase-2 V2X evolution was approved. One of the objectives is to study feasibility and gain of PC5 operation with short TTI (S-TTI) assuming that short TTI functionality would co-exist in the same resource pools as Rel-14 functionality [1]:

	· 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]


In this contribution, we provide summary of our views on short-TTI V2V sidelink communication based on technical discussion of the potential solutions and system level evaluations presented in [2] and [3] respectively.

Our views on other V2V PC5 enhancements are provided in our companion contributions [4]-[11].
2 Coexistence Challenges

Short-TTI based sidelink V2V communication has significant challenges in terms of co-existence with R14 UEs sharing the same sidelink resource pools. The following technical issues can be highlighted:
· AGC operation (near-far issue) – AGC adjustment rate of R14 UEs is not compatible with short-TTI physical structures. Short TTI transmissions may cause significant variation of total RX power within subframe that will inject additional ADC quantization or clipping noise or even lead to RF saturation [3].
· Time selective interference – Short-TTI transmissions produce time varying interference within subframe. For legacy R14 UE implementation, it may cause mismatched receiver problem and significantly degrade demodulation performance [3].
· Impact on sensing and resource selection – Resource exclusion based on PSCCH decoding is affected if R15 UEs do not transmit PSCCH in R14 format (R14 UEs cannot decode R15 PSCCH). RSRP/RSSI measurement accuracy is also affected. Sensing of R15 short TTI transmissions by R14 UEs is only possible based on RSSI.
· Priority support – R14 UEs cannot take into account priority of R15 S-TTI transmissions in sensing and resource selection procedure, if R15 UEs do not transmit R14 SCI Format.
· Demodulation of S-TTI transmissions – S-TTI physical structure for PSSCH cannot be demodulated by R14 UEs.
Observation 1
· Significant coexistence challenges are observed when sidelink resource pools are shared by R14 and R15 UEs if R15 UEs use short-TTI sidelink physical structure.
3 Performance Evaluation – Feasibility and Gain

Comprehensive system level study of short-TTI based sidelink V2V communication in various deployment scenarios is provided in our companion contribution [3]. In [3], we show that time selective interference has significant impact on R14 UE demodulation performance. In the same paper, it is also observed that short-TTI transmissions significantly affect R14 reception performance by R14 UEs due to invalid AGC operation and associated effects of ADC quantization/clipping noise or RF saturation.
The performance analysis confirmed the following technical observations:

Observation 2
· In coexistence scenarios, where R14 and R15 UEs share the same sidelink resource pools

· R14 reception by R14 UEs is degraded significantly due to coexistence challenges. The degradation is reduced if the shared AGC symbol is used to avoid AGC overload and reduce implementation overhead.
· R14 reception by R15 UEs show the best performance assuming that R15 UEs can adjust AGC at each slot and are aware about significant interference variations within R14 TTI.
· R15 reception by R15 UEs show the worst performance due to strong interference from R14 transmissions and higher implementation overhead.
· Comparing PRR performance in three deployment scenarios: legacy (R14 only), R15 only (green field) and mix of R14 and R15 UEs, the following is observed:
· PRR performance for legacy TTI reception in mixed deployment scenario significantly degrades comparing to legacy deployment scenario;
· PRR performance for short TTI reception in mixed deployment scenario significantly degrades comparing to green field deployment scenario;
· PRR performance of short TTI in green field deployment scenario can be similar or slightly higher than PRR performance of legacy TTI in case of high vehicle density and lower in case of low vehicle density due to inband emission and link budget considerations respectively.
Therefore based on analysis of PRR performance in mixed scenario which is the main target of the work item study phase, it can be concluded that there is no additional gain from introduction of sidelink short TTI for LTE V2V communication. From feasibility perspective, it can be feasible to design system supporting short TTI for sidelink LTE-V2V communication. However it will have many implications on UE implementation and system behavior as well as have substantial specification impact.
4 Impact on Specification

The support of short-TTI sidelink for LTE-V2V communication has significant impact on specification including but not limited to the following:
· Definition of new short-TTI sidelink physical structure;

· Design of DMRS;
· Modification of sensing and resource selection procedure;
· Design of new PSCCH/PSSCH sidelink physical channels based on short-TTI sidelink physical structure;

· Additional SCI formats;
· UE behavior in terms of TX/RX switching and AGC rate adjustment;
· Solutions to improve coexistence of sharing sidelink resource pools with legacy R14 UEs;

· New performance and demodulation requirements.
Observation 3
· Significant amount of specification work and substantial impact on specification is expected across multiple RAN WGs in order to support short-TTI for LTE-V2V communication, which is does not seem justified by performance data in target scenario.
5 Conclusions

Based on the discussion presented in the previous sections of this document, we do not see strong motivation and technical merits for LTE V2V communication based on short-TTI physical structure given that significant coexistence challenges are observed with R14 UEs in agreed by RAN1 evaluation scenarios. At the same time, the benefits of using short-TTI can be observed in deployment scenarios without coexistence issues.
Proposal 1
· Inform RAN WG that RAN1 WG has analyzed gain and feasibility of short-TTI based LTE V2V communication and made following observations:
· In target scenario, where resource pools are shared with legacy R14 UEs it was observed that:
· PRR performance for R14 receivers degrades due to coexistence issues with short TTI transmissions;
· PRR performance for R15 receivers depends on sidelink physical structure. PRR for short-TTI transmissions is lower comparing to PRR for legacy TTIs, since short-TTI structure has higher implementation overhead, lower link budget and more sensitive to impact from R14 transmissions.

· Sidelink short-TTI structure is beneficial for V2V communication in dense scenarios without coexistence challenges caused by R14 UEs if its physical structure is optimized to reduce implementation overhead.
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