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1 Introduction

In RAN plenary meeting #75, a new WI for V2X enhancement was agreed [1]. A point is to study the introduction of short TTI in V2X. 
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.
One of the requirements of the study item in the WID is the co-existence with Rel-14 V2X UEs in the same resource pool. For short TTI, there exist two options for the PSCCH design, i.e., same format of PSCCH vs different formats of PSCCH. In this document, we provide our views on supporting short TTI in the following sections. 
2 Discussions 
A V2X transmitter transmits both PSCCH and PSSCH in the same subframe. Based on the PSCCH received, a receiver can know the scheduled PSSCH resource, decodes the corresponding TB and conducts the PSSCH-RSRP measurement. In an ideal case for co-existence, both PSCCH and PSSCH should have the same format to rel14 so that they are recognizable by legacy UEs. However, PSSCH in short TTI cannot be coded by legacy UEs in any sense. 
If PSCCH uses short TTI, a legacy UE cannot decoded it. As a consequence, UE using short TTI cannot be considered in resource selection step 2 by a legacy UE. Since step 2 is considered as the main merit over DSRC, losing this feature means degraded performance and being less competitive to DSRC. 
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Figure 1: PSSCH-RSRP/S-RSSI measurement for short TTI

On the other hand, it is also questionable whether same format PSCCH can be helpful. Though processing time for the shorten PSSCH can be reduced, SA is still 1ms TTI which will limit the total processing time of PSCCH/PSSCH. If a UE transmit legacy PSCCH and PSSCH with short TTI in one slot in the subframe. The UE cannot do reception in the other slot in the subframe, which hence doesn’t help on half-duplex issue. The interpretation of time gap field must be different between short TTI SA and long TTI SA. Therefore, a receiver cannot get exact correct information on retransmission even when SA is successfully decoded. A legacy UE can decode the PSCCH and knows something transmitted in PSSCH in the same subframe. However, a legacy UE cannot decode the PSSCH due to different PSSCH format. Furthermore, as shown in Figure 1, it is also doubtable whether and how resource selection step 2/3 can be operated. To measure PSSCH-RSRP, a legacy UE assumes there are 4 symbols carrying DMRS in a subframe from the same transmitter, however, only reduced number of DMRS symbols in the short TTI is/are transmitted. Similarly, it is averaged in full subframe for S-RSSI, however, the energy is only in a short TTI which is a part of a subframe. 
Furthermore, there are proposals [2][3] that a Rel-15 UE can transmit both legacy PSCCH and short TTI PSCCH for the PSSCH scheduling. The above legacy PSCCH is used by legacy UE to calculate the PSSCH resource allocation, while the short TTI PSCCH allows fast reception of Rel-15 receiving UE. One straightforward drawback is that the overhead of PSCCH is doubled. Further, it is not clear how to multiplex two PSCCHs and the corresponding PSSCH, which is anticipated to be quite complicated. 
Observations 1:

· Short TTI impacts legacy UE resource selection. A legacy UE cannot decode PSSCH using short TTI.
· Merit of step 2 is completely lost if only short TTI PSCCH is sent.
· Step 2 may partly work if using same PSCCH format, but the performance is questionable. 

· Sending both legacy PSCCH and short TTI PSCCH is not resource efficient and is also complicated for specification. 

In current structure for a V2X TTI, the first symbol normally used as for AGC, while the last symbol is a gap to account for the propagation delay and timing difference between Uu and sidelink. Considering short TTI within a subframe, as shown in Figure 2, AGC/gap will be required for each short TTI. Consequently, the overhead is k times larger than 1ms TTI if k short TTI are used within a TTI.  
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Figure 2: Large overhead of short TTI
Observations 2:

· Overhead for AGC/gap is linearly increased with number of short TTI within a subframe. 

Due to the shorten TTI, a larger number of PRBs have to be used to transmit the same amount of payload, as shown in Figure 3. The current PSCCH pool is dimensioned by PSCCH candidate with 2 PRBs. If the TTI for PSCCH is shorten by half, 4 PRB may be needed to transmit SCI targeting the same link performance. Sub-channel size may keep unchanged to allow the freedom for resource allocation. But, the increased PSCCH candidate size and unchanged PSSCH sub-channel size will result in complicated resource allocation for PSCCH and PSSCH. 
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Figure 3: Large overhead of short TTI

Observations 3:

· Resource allocation for PSCCH/PSSCH is complicated in supporting short TTI. 
Based on the above discussion and observations, we can conclude that it is not feasible to support short TTI in Rel-15 V2X. Thus we make the following proposal:

 Proposal:

· Short TTI is not supported in Rel-15 V2X. 

3 Conclusions
In this contribution, we provide our views on introducing short TTI in Rel-15 V2X with the requirement of co-existing with Rel-14 V2X UEs in the same resource pool. The observations and proposal are:
Observations 1:

· Short TTI impacts legacy UE resource selection. A legacy UE cannot decode PSSCH using short TTI.

· Merit of step 2 is completely lost if only short TTI PSCCH is sent.

· Step 2 may partly work if using same PSCCH format, but the performance is questionable. 

· Send both legacy PSCCH and short TTI PSCCH is not resource efficient and is also complicated for specification. 

Observations 2:

· Overhead for AGC/gap is linearly increased with number of short TTI within a subframe. 

Observations 3:

· Resource allocation for PSCCH/PSSCH is complicated supporting short TTI. 

Proposal:

· Short TTI is not supported in Rel-15 V2X. 
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