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1. Introduction

In SA1 #70 meeting, 3GPP TR 22.885 [1] is updated to V0.2.0, and there are a number of use cases of V2X. Base on the use cases, some of common requirements (mainly for V2V) are as follows:
· The RV V2V Service layer periodically broadcasts a message, indicating its current position, speed, acceleration and optional estimated trajectory.
· The E-UTRA(N) shall be able to support a maximum frequency of 10 V2V messages per second.
· The E-UTRA(N) shall be able to support high mobility performance(e.g. a maximum absolute velocity of 160 km/h).
· The E-UTRA(N) shall be able to support high mobility performance (e.g. support a maximum relative velocity of 280 km/h.
· The E-UTRA(N) shall be able to support a maximum latency of 100ms.
That is to say, there are higher requirements to V2V compared with that of R12 D2D: higher capacity, more stringent delay, higher speed and etc.  In RAN V2X SID [2], for PC5 V2X, study at least includes:
· Identify necessary enhancements (e.g. of potential enhancements: mitigate impact of half duplex constraint, reduce resource collision, enhance pool structure, enhance resource patterns, SA information transmitted in same subframe as the associated data) to the resource allocation mechanism to meet identified requirements for robustness, latency, overhead and capacity [RAN1]
· Identify any necessary PC5 enhancements for high Doppler case (e.g. up to 280 km/h up to 6 GHz) such as enhanced DMRS, and also synchronization based on GNSS at least for out of coverage operation.[RAN1]
In this contribution, overview and preliminary considerations on enhancement needed for PC5 V2V are provided. 
2. Discussion
· To support synchronization with higher requirements.
The asynchronization among different clusters may lead to overlap between time slots that are beyond CP length, and the system efficiency is correspondingly affected. In the D2D R12, the local synchronization scheme is used without consideration of general use of GNSS. There may be large time shift between the cells or between in-coverage and out of coverage. 
V2V road safety is based on the location. And at present, the more practical and inexpensive means of positioning is based on satellite positioning system, and the satellite positioning receiver becomes an essential equipment for the realization of V2V road safety. The satellite positioning system also can provide high accuracy of the UTC reference clock, and the vehicle can hence obtain UTC time in most deployment scenarios, such as highway, rural, urban roads, and etc. 
 Using UTC time at vehicle, different "vehicle cluster" are more likely to get converged, i.e. using the same reference time and system efficiency can be improved. It can also simplify the synchronization process, i.e. terminal can directly enter sync stage after getting UTC time. In the case of fast changing topology, it is easier to obtain stable performance based on UTC "vehicle cluster". 
 However, in some scenarios, the terminal may lose satellite positioning and timing, e.g., through the urban canyons, tunnels, underground parking, and etc. It may happen when vehicles are driven within cellular coverage or out of cellular coverage. 
Observation 1: The timing and frequency at vehicle is preferable to refer to global clock provided by GNSS. But when synchronization by GNSS is lost, methods to get close to UTC within cellular network or to build self synchronization out of coverage are expected.
· To support high mobility performance
In PSSCH/PSCCH/PSDCH of 3GPP Rel 12/13 D2D, there are two DMRS per PRB, and the interval time of DMRS is 0.5ms. When the speed of the mobile terminal is high, such as 140km/h, and the signal's center frequency is 5.9GHz [3], the coherence time (about 0.277ms) of the signal will be lower than the current time interval of DMRS, so the demodulation performance of the data will fall sharply.

Observation 2: The interval of DMRS in R12 D2D cannot adapt the characteristics of short time correlation of wireless signal in high speed, particularly when carrier frequency is high.
Also, at high vehicle speed, even within the coverage, the V2V communications will face a larger Doppler shift considering GNSS is lost at vehicle and D2D synchronization mechanism is applied. The Doppler frequency shift is listed below:
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Figure 1: The Doppler frequency shift
· F0=5.9GHz , The frequency of the signal from the base station.
· Va=Vc = 160km/h, The speed of the mobile terminal A and C.
· Vb = -160km/h, The speed of the mobile terminal B.
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, The frequency of the signal from mobile terminal A.
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, The frequency of the signal from mobile terminal B.
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, The frequency of the signal from mobile terminal C.
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, The frequency difference of signal received by the mobile terminal B when the mobile terminal A is sending a signal.
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, The frequency difference of signal received by the mobile terminal C when the mobile terminal A is sending a signal ,the mobile terminal △=590Hz, The absolute value of signal frequency estimation error is less than or equal to 0.1ppm [4].
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With two DMRS per PRB, if DMRS are adjacent, the maximum frequency offset value to be corrected is about 1 KHz. If the 4 column DMRS are used and the interval between the DMRS is equal, the maximum frequency offset to be corrected is about 2 KHz. Although the cyclic prefix can also be used to estimate the frequency offset, the performance of the frequency offset estimation is not reliable due to the non ideal timing and the interference within the cyclic prefix. So it is found that even after the increase in the number of DMRS, the enhancement of DMRS, e.g. repeated sequence in time domain or other schemes are still needed in order to support greater Doppler shift when GNSS is lost (even when there is GNSS, but relative speed is much high, Doppler shift may still beyond 2KHz) in both cases of in-coverage and out of coverage.
Observation 3: The existing DMRS design including number, interval and sequence cannot effectively compensate the impact of large Doppler frequency shift due to high relative vehicle speed. 
· To improve the resource utilization efficiency.

By 3GPP Rel 12 D2D communication, SA and data are transmitted in different resource pools. Terminal must effectively detect SA, and then the data can be demodulated base on the decoded SA. The basic time unit of each SA transmission is 1ms and there is one retransmission, it takes relative large overhead, particularly considering capacity for V2V is limited.
For example, taking the SA cycle as 50ms, 12 subframes are assumed to be configured to SA, and the theoretical capacity is 66 UEs. Assuming a data packet size is 2400bits, which takes up 16PRB, the theoretical capacity for data transmission is 57 UEs. SA relative load is up to 32%.
Observation 4: Resource utilization efficiency by current D2D communication is not sufficient for PC5 V2V.
· New challenges to support half duplex constrain and reduce resource collision in V2V
As proposed and analyzed in [3][5], higher density, mobility and requirements are for PC5 V2V. These intuitionally lead to capacity limitation. Inheriting design of R12 D2D, half duplex and resource collision issues are still essential and even become more severe. There are two basic types of existing D2D resource allocation schemes: Random selection in resource pools by UE and Network assigned resource allocation.
Random selection can be applied to both in and out of coverage cases. For PC5 V2V, it is still possible that vehicle is driven out of cellular network coverage, particularly for freeway scenario. A baseline design workable in out of coverage for PC5 V2V is undoubtedly important. However, the reliability of the current existing random selection scheme is proportionate to the capacity of the resource pool, and it is inversely to the number of UEs occupying the resource. In R12 D2D communication, traffic model targets VOIP and ftp with small packet, and the number of UEs which occupy the resource is small (assuming 3 TX UEs per cell in simulation evolution). According to the high capacity requirement of V2V safety services, i.e. messages size becomes larger, which results in the limitation of resource pool capacity.  At the same time, the increase of the UEs number and transmission frequency causes more server resource compete. From above, it is expected that the collision probability if reusing random selection scheme will increase and corresponding transmission reliability will decrease in case of V2V. Retransmission is an existing mechanism to improve the reliability of random selection scheme, which also mitigate the half duplex issue due to FDM for resource multiplex. However, again retransmission mechanism takes effect depending on whether resource is sufficient. Also with higher density of traffic load in V2V, the probability of near-far effects caused by in-band emission due to FDM will also increase.
To reduce collision probability meanwhile considering half duplex issue when traffic load increases in PC5 V2V, physical layer design is needed to increase resource utilization efficiency, e.g. to improve the reliability of signal transmission and to support mechanism to monitor resource collision and inform resource to be periodically occupied. 
Observation 5: Physical layer design is needed to increase resource utilization efficiency for half duplex constrain and resource collision reduction, e.g. to improve the reliability of signal transmission and to support mechanism to monitor resource collision and inform resource to be periodically occupied
Design for out of coverage can also be applied to in-coverage case, which is practically good for PC5 V2V from perspective of implementation and cost reduction both at UE and network. In R12 D2D, network can assist exact resource allocation to reduce collision between Tx UEs and mitigate half duplex issue. But in PC5 V2V, when vehicle communication occurs at dedicated carrier [3] and cellular network works at 2GHz, if cellular network is not deployed at dedicated carrier, all signaling overhead for resource allocation/resource request or any control to PC5 V2V happen at cellular network spectrum. Due to high density of vehicles in V2V, total amount of overhead will be much larger than that for R12 D2D. Also to effectively utilize resources, spatial reuse of resource shall be considered. However, there is not location reporting mechanism yet for network to decide resource reuse. Even there is reporting mechanism, changing topology due to high mobility of vehicle leads to difficulty of location tracking. Besides, whether track of vehicle can be legalized may need more discussion (not in 3GPP). 
In addition, when introducing network assistant resource allocation, it is very necessary to consider inter-cell cooperation and partial network coverage cooperation mechanisms. The cooperation mechanisms should reduce the mutual interference to ensure vehicles from different areas can communicate reliably, if they are in communication range. It may much increase network burden for such coordination, particularly if further coordination is needed inter-PLMN, unless the coordination granularity is very large, e.g. resource pool level if not considering impacts from scheduling limitation. Again, high mobility with fast topologic leads to challenges to cell handover mobility management and the cooperation mechanisms.
Observation 6: When considering network assistant resource allocation, signaling overhead, capacity performance, validity and coordination among cells or different coverage area should be well evaluated. 
3. Conclusion 
In this contribution, overview and preliminary discussion on enhancement needed for PC5 V2V are provided. Observations are:
Observation 1: The timing and frequency at vehicle is preferable to refer to global clock provided by GNSS. But when synchronization by GNSS is lost, methods to get close to UTC within cellular network or to build self synchronization out of coverage are expected.
Observation 2: The interval of DMRS in R12 D2D cannot adapt the characteristics of short time correlation of wireless signal in high speed, particularly when carrier frequency is high.
Observation 3: The existing DMRS design including number, interval and sequence cannot effectively compensate the impact of large Doppler frequency shift due to high relative vehicle speed. 
Observation 4: Resource utilization efficiency by current D2D communication is not sufficient for PC5 V2V.
Observation 5: Physical layer design is needed to increase resource utilization efficiency for half duplex constrain and resource collision reduction, e.g. to improve the reliability of signal transmission and to support mechanism to monitor resource collision and inform resource to be periodically occupied
Observation 6: When considering network assistant resource allocation, signaling overhead, capacity performance, validity and coordination among cells or different coverage area should be well evaluated. 
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