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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.
During RAN1#84 a general interest in ensuring that LTE-ITS performance exceeds the one of IEEE 802.11p in comparable scenarios was also expressed 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 are provided in [3][4].
Improvements to physical layer
To meet the new requirements in terms of UE relative speed, it is necessary to introduce a new DMRS mapping that allows for accurate channel tracking and esimation. We discuss this in Section 3. 
To ensure that LTE-ITS provides substantial performance gains at system level over IEEE 802.11p, it is necessary to minimize the impact of the AGC settling period and the Guard Period (GP). We discuss this in Section 4. 
Efficient resource allocation (RA) is essential in achieving good performance. Although we believe that network-aided resource allocation can provide important performance gains, it is also desirable to have efficient autonomous resource allocation. To achieve this, it is not only necessary to have good resource allocation algorithms but also to ensure that the physical layer structure does not become the limiting factor (e.g., due to excessive in-band emissions, etc.). In Section 5, we discuss a short-TTI physical layer structure that results in improved system-level performance. 
[bookmark: _Ref445898625][bookmark: _Ref445894167]DMRS mapping
Results in [3] clearly show that Option 1 mapping is unable to cope with 500km/h relative speed, even when genie-guided frequency offset estimation is idealistically assumed. This proves that the reason for bad performance is not the specific frequency offset estimation algorithm but rather the large time spacing between DMRS symbols, which does not allow good enough interpolation/extrapolation. The obvious solution to the problem is to tighten the spacing between DMRS symbols, which however is too inefficienct unless FDM between data and DMRS is introduced. We thus propose to multiplex DMRS and data in each OFDM symbol by rate matching the OFDM symbols and transmitting DMRS in every 6-th subcarrier.
We notice that the potential increase in CM is actually not limiting the transmit power unless full BW transmission is assumed as well as no power reduction by, e.g., power control. Based on simulation results by most companies full BW transmission does not seem to be the preferred/typical format. For transmission bandwidth smaller than 10MHz the maximum power of 23dBm cannot be used anyway due to EIRP restrictions in the EU regulations. We also observe that transmission of SA and data in the same subframe is also being considered in RAN1 [5], which also increases CM. 
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Figure 1. Generation of DMRS interleaved with data.
Proposal:
· DMRS are transmitted every 6th subcarrier in all OFDM symbols.
· Data is rate matched accordingly.
· Inform RAN4 about the DMRS mapping in order to adfjust existing power derating mechanisms if necessary.
[bookmark: _Ref445898772]Shortened symbols
It is shown in [3] 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.
[bookmark: _Ref447293970]Shortened AGC Settling Time
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.
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[bookmark: _Ref445739197]Figure 2. Illustration of generation of a comb-like OFDM symbol at the transmitter. 
With the shortened AGC settling period, 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
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[bookmark: _Ref445739181]Figure 3. Example of receiver processing for reconstruction of the OFDM symbol from the second half symbol.
Proposals:
· Comb-like transmission is used for the first OFDM symbol.
· Inform RAN4 that halved AGC settling time is assumed by RAN1.

[bookmark: _Ref445894169]Shortened guard period
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. 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.
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[bookmark: _Ref445740623]Figure 4. Example of receiver processing for reconstruction of the OFDM symbol from the first half symbol.
Proposal:
· Comb-like transmission is used for generating the last symbol in the subframe. Only the first half symbol is actually transmitted.
[bookmark: _Ref445899225]Reduced TTI Duration
One additional enhancement includes shortening the TTI duration to 0.5ms, which gives good gains at system level thanks to less frequency multiplexing which reduces the impact of inband emissions and simplifies scheduling [4]. The link study in [3] shows good link level performance for the format proposed in Figure 5.
We observe that the good gains are achieved without any need to increase subcarrier spacing and we thus prefer to maintain 15kHz spacing in order to contain the specification and standardization impact. 
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[bookmark: _Ref445894604]Figure 5. Proposed L1 format. The first and last OFDM symbols are generated with comb mapping (see Sections 4.1, 4.2). 
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Proposals:
· TTI duration for sidelink V2V is 0.5ms
· 7 OFDM symbols with 15kHz subcarrier spacing are used per TTI

Conclusions 
Proposal:
· DMRS are transmitted every 6th subcarrier in all OFDM symbols.
· Data is rate matched accordingly.
· Inform RAN4 about the DMRS mapping in order to adfjust existing power derating mechanisms if necessary.
Proposals:
· Comb-like transmission is used for the first OFDM symbol.
· Inform RAN4 that halved AGC settling time is assumed by RAN1.
Proposal:
· Comb-like transmission is used for generating the last symbol in the subframe. Only the first half symbol is actually transmitted.
Proposals:
· TTI duration for sidelink V2V is 0.5ms
· 7 OFDM symbols with 15kHz subcarrier spacing are used per TTI
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