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Introduction
In RAN #77 meeting [1], the following conclusion was achieved:
	Conclusion: guidance from RAN to RAN1: short TTI work is deprioritized but not precluded, look into other means of latency reduction than short TTI.


Based on the agreements of RAN1 #89 for sTTI scheme evaluations [2], the companion contribution [3] is presented to provide the simulation performance gain of Rel-14 and Rel-15 UEs with sTTI scheme in the mixed scenarios. In this contribution, the potential solutions of latency reduction and other key technical issues for shorten TTI in PC5 are discussed. 
Discussion
Impact on LTE R14 V2V sensing and resource selection
As discussed in the CATT’s contribution in RAN1 #90 [4], the following potential solution is suggested as the baseline solution for supporting sTTI scheme in the same resource pool of Rel-14 UEs:


[bookmark: _Ref481760243]Figure 1 The suggested solution for supporting sTTI mechanism
Proposal 1: Rel-15 UE transmitting PSCCH with only sTTI SA is suggested as the baseline sTTI mechanism.

AGC Schemes
Because of the unacceptable PRR performance with puncturing the AGC and GP as two symbols in one slot [5], the legacy AGC and GP scheme cannot be directly applied to the Rel-15 sTTI.
In order to decrease the overhead of the Rel-15 sTTI scheme and solve the near-far problem of AGC, the Shared AGC [6] and AGC/GP in one symbol [4] solutions has been proposed. In [6], it can be observed that Shared AGC and AGC/GP in one symbol both have similar PRR performance for Rel-14 and Rel-15 UEs in low density and high density scenarios. Considering the clipping noise and satuature is more sensitive to the receiving power, Shared AGC scheme is considered as the AGC scheme in system level simulation in the companion contribution [3].
Proposal 2: Considering the overhead and the performance of the system level simulation, shared AGC scheme is considered as the AGC scheme.

sTTI gain
Because the granularity of the transmitting time is assumed as one slot in sTTI and configured as one subframe for TTI, for one transmission opportunity, the transmitting time of sTTI UE is shorter than TTI UE. Thus, the performance loss due to half-duplex is reduced and the accuracy of the sensing results is improved by sTTI scheme. 
Proposal 3: Because the transmitting time of sTTI UE is shorter than TTI UE, the performance loss due to half-duplex is reduced and the accuracy of the sensing results is improved by sTTI scheme.

[bookmark: _GoBack]
[bookmark: _Ref481767928]Figure 2 The receiving power from Rel-15 UE data and Rel-14 UE data with same message size
As shown in Figure 2, with the Rel-15 UE with only sTTI SA, power density of Rel-15 UE is lower than the Rel-14 UE at the same receiving distance with the message size and MCS configurations. Thus, the co-channel interference from Rel-15 is lower than from Rel-14. Meanwhile, IBE is relatively lower than the co-channel interference and have less impact on the system performance. 
Based on the system level simulation results of companion contribution [3], with the increasing proportion of the Rel-15 sTTI UEs in Mixed Scenario 2, the PRR of legacy Rel-14 UE can also be improved with the replacement of the lower interference from the Rel-15 sTTI UEs not the legacy Rel-14 UEs. Meanwhile, from the system view, the PRR of Rel-15 sTTI UE is also improved by the alleviation of the co-channel interference from the Rel-15 UE.
Proposal 3: 
· With the increasing proportion of the Rel-15 sTTI UEs in Mixed Scenario 2, the PRR of Rel-15 sTTI UE is improved by the alleviation of the interference from the Rel-14 UE. 
· Meanwhile, with the replacement of the lower interference from the Rel-15 sTTI UEs not the legacy Rel-14 UEs, the PRR of legacy Rel-14 UE in Mixed Scenario 2 can also be improved. 
Analysis of latency reduction


(a) The latency of Rel-14 LTE-V2X UE


(b) The latency of Rel-15 sTTI UE
Figure 3 The latency reduction of Rel-15 sTTI UE to Rel-14 LTE-V2X UE
Though the RX processing time of TTI and sTTI may be different, considering the convenience of the analysis and the UE capability, the RX processing time of TTI and sTTI is assumed as same.
In Figure 3(a), the resource selection window is configured as [n+T1, n+T2], and T2 is restricted to the maximum latency for Rel-14 TTI UEs. If the first and second transmissions occupy two adjacent subframes in the resource selection window, the minimum latency is (2ms+RX processing time). Because of the maximum transmission gap between the first transmission and second transmission is defined as 15ms, the maximum latency is (16+RX processing time).
For Rel-15 sTTI UEs, in Figure 3(b), if the first transmission and second transmission from the same UE is proposed to be transmitted in one subframe, the minimum latency is (1ms+RX processing time). Because the transmission gap between the first transmission and retransmission is one slot, the upper bound of the resource selection window (n+T2) can be decreased to (n+T1+1ms). Meanwhile, the maximum latency is same as the minimum latency (1ms+RX processing time). 
The maximum and minimum latency of TTI and sTTI is summarized in the following table:
Table 1 The maximum and minimum latency in TTI and sTTI
	Latency
	TTI (ms)
	sTTI (ms)
	Latency gap between TTI and sTTI (ms)

	maximum latency
	16+RX processing time
	1ms+RX processing time
	15

	minimum latency
	2+ RX processing time
	1ms+RX processing time
	1


Observation 1: The latency can be reduced by sTTI scheme with combining the first transmission and retransmission in one subframe.
Based on the above analysis, the latency reduction can be reduced with the decrease of T2. When in the mixed scenarios, if the traffic is not evenly distributed in time domain, the decrease of T2 may lead to the resource collision and degradation of the performance. Thus, the impact of the latency reduction of sTTI should be FFS, especially for the scenarios of the traffic not evenly distributed in time domain.
Proposal 4: The impact of the latency reduction of sTTI should be FFS, especially for the scenarios of the traffic not evenly distributed in time domain.

Conclusion
In this contribution, the design of shorten TTI in PC5 are discussed. Particularly, we have following observations and proposals:
Proposal 1: Rel-15 UE transmitting PSCCH with only sTTI SA is suggested as the baseline sTTI mechanism.
Proposal 2: Considering the overhead and the performance of the system level simulation, shared AGC scheme is considered as the AGC scheme.
Proposal 3: Because the transmitting time of sTTI UE is shorter than TTI UE, the performance loss due to half-duplex is reduced and the accuracy of the sensing results is improved by sTTI scheme.
Observation 1: The latency can be reduced by sTTI scheme with combining the first transmission and retransmission in one subframe.
Proposal 4: The impact of the latency reduction of sTTI should be FFS, especially for the scenarios of the traffic not evenly distributed in time domain.
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