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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: _Ref129681832]In the WID [1], one of the stated objectives is:
4) To specify a solution/requirement (if needed) for coexistence of PC5-based V2V operation and legacy Uu operation with LTE in the same carrier frequency [RAN1]
At the RAN1 #84 meeting, there were discussions related to coexistence.
· RAN1 may investigate following coexistence issues of PC5-based V2V operation and legacy Uu operation 
· Inter-UE coexistence in the same carrier frequency
· This includes the case where in-band emission of PC5-V2V transmission from UE A interferes with UL transmission from UE B in the same carrier and vice versa.
· Intra-UE coexistence in the same carrier frequency
· This includes the following cases: 
· (1) a single UE is scheduled to transmit PC5-V2V and UL at the same time.
· (2) a single UE is monitoring PC5-V2V and DL simultaneously.

In this contribution, we discuss the coexistence case between PC5-based V2V and legacy Uu operation on shared carrier from the perspective of PC5 timing. 
Co-existence of PC5 and legacy Uu on the same carrier
When PC5 operation co-exists with Uu operation on the same carrier, interference between legacy PC5 and Uu may occur [2] due to higher PC5 transmit power. The problem will be more severe when mode 2 devices that follow DL timing are used. This issue was studied during the Rel-12 D2D WI and can be solved by implementation, for instance with guard time between D2D/V2V devices and Uu transmission (with some impact to overall spectral efficiency). Using FDM transmissions between Uu and PC5 can also be a solution, though a UE may have to drop one of the transmissions if there are transmissions on both interfaces.
In [3], “eNB instructs vehicle UE to prioritize either eNB-based synchronization or GNSS or GNSS-equivalent at least when the eNB is in the carrier where the vehicle UE operates on PC5 V2V.” In the remainder of this section, we investigate further the co-existence issue from the perspective of PC5 timing and synchronization.
Asynchronized network 
· Scenario 1: vehicles are instructed to be synchronized to eNB  
Vehicles in a cell need to perform D2D-like inter-cell synchronization procedure before receiving any signals from vehicles in asynchronized neighboring cells. 
A vehicle can synchronize with one neighboring cell at a given time and has to adapt its timing every time it wants to receive UEs from a different cell. Thus, if a vehicle has to listen to UEs in several cells, changing its timing will either result in low spectral efficiency, or the loss of many V2V messages. 
· Scenario 2: vehicles are instructed to be synchronized to GNSS or GNSS-equivalent 
In such a case, the UE will be able to listen to all UEs since all UEs use the same timing. This option will ease the problem of limited listening time on PC5 mentioned in scenario 1 to a large extent [6]. However, because of propagation delay, there are cases where there may be interference between PC5 UEs (synchronized with GNSS) and the Uu links, unless the eNBs provide enough guard time. Note however that before looking at solutions, RAN1 should check how serious the interference problem is.
Synchronized network
In [4], a network is defined as synchronized if the time offset between cells is less than 3s (3 km cell radius); otherwise it is asynchronous. This 3s requirement is defined from the inter-cell DL-UL interference perspective for a TDD system. For cell edge vehicles to communicate via PC5 with different serving cells as a synchronization source, it actually requires a higher reliable demodulation performance than what is accommodated by the CP [cp length – time offset cell 1 – time offset cell 2] = (4.67-3-3<0). 
In [5], the specification defines a CoMP performance requirement that signals from non-serving cell will arrive at receiver at [-0.5, +2] s compared with serving cell timing. The FFT window of the receiver will be set at -0.5 s, so the remaining valid CP length will be 4.67-0.5-2=2.17s, which can cover about 600m (shorter in reality).
From what is currently defined in RAN4 for a synchronized network and performance requirement for CoMP, it can be feasible for vehicles of different cells to operate on PC5 V2V without synchronization source switching if 
· Scenario 1: vehicles are instructed to be synchronized to eNB 
· Option 1: extended CP is used. (D2D already has PC5 D2D and legacy Uu use different CP length).
· Option 2: Time offset between cells is further tightened (like CoMP) in RAN4 for synchronized network.
· Scenario 2: vehicles are instructed to be synchronized to GNSS or GNSS-equivalent
This scenario is similar to the one described in the asynchronous network section. There might be some interference between PC5 and Uu at the edge of the cells. If deemed serious enough, this problem can be solved by implementation, by leaving some guard time between the cellular and the V2V communications
Conclusion
In this contribution, we discuss the co-existence issue of PC5 and legacy Uu operation on the same carrier, from the definition of synchronized network and CoMP performance requirement, we have the following observation: 
Observations:
· From the perspective of synchronization/timing performance on PC5,
· For asynchronized network, spectral efficiency and interference could be further investigated;
· For synchronized network, extended CP on PC5 or tightened time offset between cells can be considered.
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