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Introduction
RAN plenary revised the V2V WID as follows:
The outcome of this work item should be able to support a relative speed of up to 500 km/h with enhancements/changes (e.g., adaptation of code-rate, the DMRS mapping/structure) (if necessary) to the physical layer structure designed for the relative speed up to 280 km/h.
A general interest in ensuring that LTE-ITS performance exceeds the one of IEEE 802.11p in comparable scenarios was also expressed in different meetings and supported by Ericsson. 
In this paper we provide proposals to conclude outstanding issues in the L1 design of sidelink for V2V, taking into account both the performance need and the updated WID. Simulation results in support of the proposals were provided in [1][2].
[bookmark: _Ref445894167][bookmark: _Ref445898772]Shortened symbols
It is shown in [1] that link performance can be significantly improved by reducing the AGC settling time as well as the guard period at the end of the subframe to ½ OFDM symbol. This can be achieved with minor implementation changes (i.e., without introducing multiple FFT lengths for different symbols in same subframe) by mapping the data subcarriers in a comb fashion to the first and last OFDM symbols in the subframe and thus obtaining a time repetition. In case of the last OFDM symbol in the subframe, the second ½ OFDM symbol is not transmitted since it is used for the GP.The receiver operation is also largely unaffected except for the need to replicate the half symbol in time domain before applying the conventional SC-OFDM receiver. Alternative receiver implementations are of course also possible. We describe both cases in detail in the following.
First OFDM Symbol in the Subframe
Option 1 (preferred): LTE-ITS Detection Sequence followed by Shortened OFDM Symbol
[bookmark: _GoBack]In a companion contribution we propose that the LTE-ITS detection sequence is transmitted at the beginning of the first symbol of the PC5 subframe. The LTE-ITS detection sequence is quite shorter than half OFDM symbol implying thatit would be wasteful to not exploit the remaining part of the OFDM symbol for transmitting data, at least for the purpose of AGC training. The half-length data OFDM symbol (plus CP) can be easily generated by mapping the precoded data to every other subcarrier as exemplified in Figure 1.
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[bookmark: _Ref450911737]Figure 1: Generation of LTE-ITS detection sequence [3] followed by half-length OFDM symbol for AGC training.

[bookmark: _Ref447293970]Option 2 (2nd preference): Shortened AGC Settling Time
[image: ]
[bookmark: _Ref445739197]Figure 2. Illustration of generation of a comb-like OFDM symbol at the transmitter. 
The first OFDM symbol in a transmission may be lost due to the settling time of the receiver AGC. We believe that is feasible to reduce this settling period and hence reduce the system overhead. More specifically, we believe that a time interval equivalent to half OFDM symbol (~33.35 µs, with normal CP) is sufficient. Note that this reduced AGC settling period is still significantly larger than the one used by 802.11p receivers.
To exploit the shortened AGC settling period, we propose to use comb-like transmission of data in the first OFDM symbol. That is, the transmitter uses only every other subcarrier within its allocated band, setting to zero the remaining subcarriers. In this way, the resulting time-domain vector contains the two identical half-symbols. This is illustrated in Figure 2.
Proposals:
· Comb-like transmission is used for the first OFDM symbol.
· Inform RAN4 that halved AGC settling time is assumed by RAN1.
· As first preference, the LTE-ITS detection sequence is sent during the first part of the first OFDM symbol in the subframe, followed by CP and half-length OFDM symbol
· As second preference, the first OFDM symbol in the subframe is generated using comb subcarrier mapping and only the first half may be used for AGC training.

Last OFDM Symbol in the Subframe
Based on propagation time considerations, we believe that for the typical communication distances and transmit powers used by V2V UEs, it suffices with a shortened GP. For example, a GP with half symbol duration (~33.35 µs, with normal CP) is sufficient for timing misalignements between UEs up to 10 km from each other. This leaves part of the OFDM symbol usable for transmission.
We propose to transmit during the first half of the last OFDM symbol. For generating the singal, we propose to utilize the scheme illustrated in Figure 2. However, to realize the guard period, only the first half symbol is transmitted. 
Proposal:
· Comb-like transmission is used for generating the last symbol in the subframe. Only the first half symbol is actually transmitted.

Conclusions 
In this paper we conclude outstanding issues of the L1 format for V2V over PC5.
Proposals:
· Comb-like transmission is used for the first OFDM symbol.
· Inform RAN4 that halved AGC settling time is assumed by RAN1.
· As first preference, the LTE-ITS detection sequence is sent during the first part of the first OFDM symbol in the subframe, followed by CP and half-length OFDM symbol
· As second preference, the first OFDM symbol in the subframe is generated using comb subcarrier mapping and only the first half may be used for AGC training.
· Comb-like transmission is used for generating the last symbol in the subframe. Only the first half symbol is actually transmitted.
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Appendix A: Considerations on Receiver Implementation with Option 2 
With the shortened AGC settling period (Option 2), the first half symbol (of the first OFDM symbol) is lost. However, the receiver is still able to decode the entire Comb OFDM symbol, since all the information is contained in the second half symbol. The legacy receiver structure with minor changes can be reused to decode the entire Comb OFDM symbol. For example, the receiver may duplicate the second half symbol, as illustrated in Figure 3
[image: ]
[bookmark: _Ref445739181]Figure 3. Example of receiver processing for reconstruction of the OFDM symbol from the second half symbol.

Appendix B: Considerations on Receiver Implementation with Shortened Last Symbol
Again, the legacy receiver structure with minor changes can be reused to decode the entire comb OFDM symbol. For example, the receiver may duplicate the second half symbol, as illustrated in Figure 4.
[image: ]
[bookmark: _Ref445740623]Figure 4. Example of receiver processing for reconstruction of the OFDM symbol from the first half symbol.
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