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1. Introduction
According to the objectives of new WI proposal on PC5-based V2V [1], the study should include consideration of coexistence of PC5-based V2V operation and legacy Uu operation. The detailed objective is as follows:
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] and in an adjacent carrier frequency [RAN4]
In this contribution, we present our views on coexistence of PC5-based V2V operation and legacy Uu operation in the same carrier.    
2. Discussion
2.1 Reciprocal influence
With respect to the case that PC5-based V2V operation and legacy Uu operation coexist in the same carrier, reciprocal influence between V2V communication and LTE UL transmission can be considered.
As shown in Fig. 1, V2V signal transmitted from V2V UEs (V-UEs) which are PC5-based V2V communicating distance of eNB can reach eNB. This would have impact on reception of UL data on eNB. The impact includes in-band emission. On the other hand, cellular UEs (C-UEs) close to V-UEs would cause interference to V2V communication.
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Figure 1 Coexistence of PC5-based V2V operation and legacy Uu operation

To be specific, if no power control is considered for V2V transmission and a V-UE near to eNB transmits a message in the subframe which UL data is scheduled in, in-band emission will interfere in receiver in eNB and affect reception of UL data. V2V data receiving would be impacted by proximity C-UEs by in-band emission. The extent of impact is related with path loss of UEs to eNB or UEs to UEs. Similar with D2D, power control mechanism can be considered to alleviate the impact of in-band emission. 
Observation 1: In-band emission should be addressed when PC5-based V2V operation and legacy Uu operation coexist in the same carrier.
Another kind of interference is caused by the overlap between two consecutive subframes which be used for V2V communication and legacy Uu transmission respectively. Cellular UL data is transmitted with timing of TA (Timing Advance). V2V data is likely to be transmitted with constant timing based on GNSS or DL timing. Partial overlapping would be observed between consecutive V2V subframe and cellular subframe. 
Assuming V2V communication occur in a WAN UL subframe n, it has timing relation with DL timing, as shown in Fig. 2. There is no conflict between the preceding suframe n-1 which is a WAN UL subframe and V2V subframe n due to TA and guard period for Tx-Rx switch. If the following subframe n+1 is used for WAN UL transmissions, TA for UL data transmission could make the starting of the WAN UL subframe interfered. It can also interfere in V2V subframe n.
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Figure 2 An illustration of PC5-based V2V transmission timing
For the case of GNSS based timing, it may results similar situation. Interference between a V2V subframe and a cellular subframe is due to timing misalignment.
In D2D, the last SC-FDMA symbol in a D2D subframe serves as a guard period and shall not be used for any D2D transmission. This scheme can be reused to V2V transmission in order to avoid influence between V2V communication and cellular transmission. The guard period can be expanded if larger misalignment of timing is proven for V2V
Proposal 1: The mechanism in D2D is suggested to be reused, e.g. the last SC-FDMA symbol in a V2V subframe is used for a guard period.
2.2 Capacity issue
Coexistence of PC5-based V2V operation and legacy Uu operation in the same carrier means V-UEs and C-UEs share LTE UL resource. In this case, limited available resource may impact Packet Reception Ratio of V2V transmission. We evaluate capacity of PC5-based V2V operation sharing Uu carrier.
Assuming V2V communication occupies half of available resource of cellular network, we calculate load levels of PC5-based V2V in urban scenario based on bandwidth of 10 MHz in different speeds. The results show that load levels are 26% for 15 km/h and 19% for 60 km/h respectively with one time transmission per package. Other assumptions are shown in table 1. 
Table 1 Assumptions for capacity evaluation 
	scenario
	Speed

(km/h)
	Average interval
(2.5 s)
	Efficient range

(m)
	Vehicles in available range
	Bandwidth

(MHz)
	spectrum efficiency

(bit/s/Hz)
	Message size of 5 packages
(Byte)
	period of resource

(ms)

	urban
	15
	10.42
	50
	76.8
	10
	0.51
	4*190+300
	100

	urban
	60
	41.67
	150
	57.6
	10
	0.51
	4*190+300
	100


It should be noted that one message may be transmitted several times in one resource pool period for high reliability. If V2V data is repeated 1 or more times or V-UEs increase in some scenarios, the probabilities of collision would increase in V2V resource pool. eNB can adjust V2V resource pool configuration based on the state of congestion to help V2V transmission. 
Proposal 2: eNB can adjust V2V resource pool configuration based on the state of congestion to help V2V transmission.
2.3 Priority of transmission
For PC5-based V2V communication and legacy Uu transmission coexists in the same carrier, priority of transmission in a subframe should be considered for a UE capable of PC5-based V2V and cellular transmission if V2V transmission shares resource with cellular UL transmission by FDM mode.
In D2D, UL data transmission has high priority in order to insure cellular communication. But for V2V, event-triggered message has high requirement for latency and reliability.

If UL data of a UE is scheduled in a subframe in which the same UE has V2V data to transmit, whether the UE performs UL transmission will depend on the type of V2V data. At least, event-triggered message should be first priority. For example, if the V2V data is event-triggered message, the UE shall give up UL data transmission. Otherwise, the UE transmits UL data normally. In addition, gap configuration in D2D may be considered to assure event-triggered message transmission. 
Proposal 3:  At least, event-triggered V2V message should have higher priority when it coexists with UL transmissions in the same carrier.
3. Conclusion
For coexistence of PC5-based V2V operation and legacy Uu operation in the same carrier, our proposals are as follows: 
Observation 1: In-band emission should be addressed when PC5-based V2V operation and legacy Uu operation coexist in the same carrier.

Proposal 1: The mechanism in D2D is suggested to be reused, e.g. the last SC-FDMA symbol in a V2V subframe is used for a guard period.
Proposal 2: eNB can adjust V2V resource pool configuration based on the state of congestion to help V2V transmission.
Proposal 3:  At least, event-triggered V2V message should have higher priority when it coexists with UL transmissions in the same carrier.
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