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1 Introduction
According to the new eV2X WID in [1], the following aspects should be considered for eV2X enhancement:
· 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] 

The requirement of sharing the same resource pool for Rel-14 V2X UE and Rel-15 UE with short TTI support for Sidelink communication means that eV2X UE’s transmission with short TTI structure should not introduce a significant impact on Rel-14 V2X UE transmission and reception on Sidelink. In this contribution, we discuss and provide some preliminary analyses on the short TTI resource scheme for Sidelink. The impact on sensing, resource selection and potential latency reduction are also discussed.
2 Short TTI resource scheme on Sidelink
2.1 Resource pool sharing 

In the new eV2X WID [1], it is required that Rel-14 V2X Sidelink communication should share the same resource pool with Short TTI based eV2X. Based on this design constraint, the TDM and FDM resource sharing schemes should be considered. 

TDM resource sharing scheme

For the TDM resource pool sharing scheme, it entails independent subframes for Short TTI. It is almost equivalent to a dedicated resource pool configuration for Short TTI on Sidelink, since the subframes used for Rel-14 V2X and Short TTI on Sidelink are entirely different, and no subframe pool is shared for them.
FDM resource sharing scheme

The FDM resource scheme for Rel-14 V2X and Short TTI should at least use the sub-channel as the minimum unit for frequency division as shown in Figure 1. 
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Figure 1: FDM resource pool for Rel-14 V2X and Short TTI
For cases (a) and (b) in Figure 1, the PSCCH resource structure could be maintained and the Short TTI sidelink control information  (sSCI) bearing on the Rel-14 PSCCH resource can be introduced to indicate the corresponding data transmission on Short TTI PSSCH (sPSSCH) on the same subframe for case (a) and the subsequent subframe for case (b), respectively. In case (a), after the whole subframe is received and the sSCI is decoded correctly, the corresponding data on sPSSCH can be obtained. The latency reduction gain by using case (a) seems insignificant compared to the Rel-14 V2X scheme. Similarly, for case (b), it provides rather limited latency improvements. 
Case (c) represents a scheme that allows the Rel-14 sub-channel to be divided into several Short TTI units for both PSSCH and PSCCH. This scheme introduces a new Short TTI PSCCH (sPSCCH) structure to be used for sSCI bearing. For the sPSCCH and sPSSCH channel definition, similar design principle as used in LTE Short TTI and could be introduced in Sidelink.  Apparently, it requires more normative effort.

Comparing the three Short TTI resource schemes, case (a) and (b) have less impact on Rel-14 V2X UE since the legacy PSCCH channel structure can be maintained and case (c) is incompatible for Rel-14 V2X UEs.
Proposal 1:  Sub-channel based FDM resource sharing scheme for Short TTI and Rel-14 V2X should be considered.
2.2 GAP
Considering the transmitting/receiving switching for V2X UE, the last symbol is usually reserved for the GAP in the subframe used for Sidelink communication. So, if a Sidelink subframe is divided for several Short TTI units then it should contain a GAP at the end of each Short TTI unit. As an example to show the Short TTI unit division on Sidelink, the mainstream design for sPUSCH in LTE Short TTI WID [3,2,2,2,2,3] symbols scheme is used  and illustrated in Figure 2.
Considering the cases with 2 or 3 symbols in one Short TTI unit, the last symbol is used for the GAP and the available symbols for data and demodulation reference signal (DMRS) is only 1 or 2 symbols, which makes it hard to make data and DMRS mapping on Short TTI resources. On the other hand, the more Short TTI units in a subframe that are divided, the more symbols that are used for the GAP, which leads to higher overhead on Sidelink and lower capacity for data bearing.
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Figure 2: An example of possible short TTI resource structure on Sidelink
In order to avoid too much GAP symbols in a subframe, some larger Short TTI unit should be considered for Sidelink, such as one slot for a Short TTI unit.

Proposal 2:  Short TTI unit with more symbols should be used on Sidelink.
3 Impact on sensing and resource selection
For Rel-14 V2X UE working in mode 4, it should sense all the candidate resources in resource pool and then select resources based on the sensing result. The sensing of Rel-14 UE consists of two types of operation: 
· Operation 1: Correct SCI decoding and corresponding PSSCH-RSRP measurement;
· Operation 2: Sub-channel S-RSSI measurement with no SCI is decoded;
According to the discussion in section 2.1, the same PSCCH structure can be used to support short TTI based sPSSCH in cases (a) and (b). In these cases, the sSCI may be decoded by the Rel-14 UE. If the reserved bits in SCI format 1 are used to indicate the Short TTI, then the sSCI may still be decoded by the Rel-14 UE. Then the Rel-14 UE would measure the related sub-channels as a normal PSSCH transmission. However, the PSSCH-RSRP measurement result may not be accurate since only the partial symbols are used in Short TTI. 
On the other hand, if a new SCI format is defined or sPSCCH is used with case (c), then the sub-channel S-RSSI measurement should be used. Figure 3 case (1) shows when not all the Short TTI units are used in the same subframe. Figure 3 case (2) shows when a different number of sub-channels are used for the Short TTI units in a subframe in which the S-RSSI measured by Rel-14 UE may not be accurate as well.
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Figure 3: Sidelink resource sensing based on short TTI
Without precise sensing result, the resource selection of the Rel-14 UE may be invalid. Furthermore, the impact on the Rel-14 UE resource selection caused by Short TTI should be further investigated and evaluated. 
Proposal 3:  More details about the Short TTI impact on Rel-14 UE sensing should be discussed.
4 Potential decrease on latency
The main purpose for introducing Short TTI scheme on Sidelink is to decrease latency, since the shorten transmission unit requires less scheduling interval and less receiving/processing time.
An extreme example is given in Figure 4 to illustrate the potential latency decrease as Short TTI is used in mode 3 Sidelink transmission. In Rel-14 mode 3 scheduling, eNB indicates PSSCH resource allocation in DCI on subframe #n, the corresponding PSSCH transmission occurs on subframe #n+4 or later, and the scheduling time interval  >= 4ms. While Short TTI is used, the scheduling time interval may be less than 1 ms (presuming 6 Short TTI units in a subframe and minimum scheduling timing k=4 as discussed in the LTE Short TTI WID).
However, considering the cost of GAP symbols as mentioned in 2.2, larger Short TTI unit may be more suitable for Sidelink transmission, such as one slot used as a Short TTI unit. However, it may impair on the latency reduction gains. 
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Figure 4: An example of latency decrease gain with Short TTI

For mode 4 communication the sensing process timing for short TTI based V-UE may be similar to the Rel-14 operation. The possible latency reduction may come from the shortened transmission time of several symbols instead of from a whole subframe in the Rel-14 design. The difference between the two schemes transmission duration of one time transmission is less than 1ms. Considering retransmission interval, the latency difference of the two schemes depends on the practical Short TTI unit division.
In general, the potential latency reduction by means of Short TTI on Sidelink needs more discussion and analyses.
Proposal 4:  The practical effect on latency that is decreased by introducing Short TTI on Sidelink needs more discussion.
5 Conclusions

In this contribution, we discuss the potential impacts on Short TTI implementation on Sidelink and candidate schemes for Short TTI unit structure. Based on the discussion, we propose that the following: 
Proposal 1:  Sub-channel based FDM resource sharing scheme for Short TTI and Rel-14 V2X should be considered.
Proposal 2:  Short TTI unit with more symbols should be used on Sidelink.
Proposal 3:  More details about the Short TTI impact on Rel-14 UE sensing should be discussed.

Proposal 4:  The practical effect on latency that is decreased by introducing Short TTI on Sidelink needs more discussion.
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