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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
According to the objectives of new WI proposal on PC5-based V2V [1], the coexistence of PC5-based V2V operation and legacy Uu operation will be standardized by RAN1. The detailed objective is as follows:
1) [bookmark: OLE_LINK6]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 address the case of inter-UE coexistence of cellular and V2V services in the same carrier frequency. In particular, the problem of interference from OOC UE to cellular UL or DL is discussed.
Discussion
When PC5-based V2V operation and Uu operation share the same carrier, there is a potentially serious interference issue: If an out-of-coverage UE is synchronized to GNSS, which is potentially different than eNB timing, there can be interference between cellular UEs and out-of-coverage V2V UEs. 
Observation: If there is a timing offset between eNB and GNSS, OOC UEs will cause interference on the cellular system.
Interference from V2V service to cellular UL/DL
For the shared carrier scenario, if the eNB is GNSS-synchronized, the timing offset between eNB and GNSS creates interference from V2V UEs on the cellular system, as illustrated in Figure 1. The interference problem is twofold:
· V2V interference on the UL: Because of half duplex limitation, the vehicle cannot transmit UL data and receive V2V data at the same time in the same carrier frequency. 
· V2V interference on the DL (TDD case): The V2V service will interfere with DL data if they are transmitted in the same carrier, especially when V2V transmitter from OOC is closer to the receiver than the eNB. 

 
[bookmark: _Ref462834337]Figure 1. Illustration of interference from V2V service to cellular
To alleviate the interference from V2V service to cellular, the following schemes can be considered.
· Scheme 1:
The vehicle which is within coverage can obtain both GNSS timing and eNB timing. Thus it knows the timing offset between eNB and GNSS timing. How the vehicle obtains the timing offset is described in [2]. From the timing offset, the vehicle knows that UL/DL subframes are overlapped with V2V subframes. This vehicle can indicate the timing offset to OOC vehicles. Both IC and OOC vehicles will reserve V2V subframes which are overlapped with cellular UL/DL subframe to alleviate the interference from V2V to cellular.
· Scheme 2:
The vehicle which is within coverage can obtain both GNSS timing and eNB timing. Thus it knows the timing offset between eNB and GNSS, and it can report the timing offset to eNB. Based on the reported timing offset, eNB reconfigures the resource pool for V2V to avoid possible interference from V2V service to cellular UL/DL. Meanwhile, IC UE can relay the resource pool reconfiguration to OOC UEs so as to avoid the interference from OOC UE to cellular UL/DL.
Proposal: Select one of the 2 following options:
· Option 1: IC UE who can obtain the timing offset between eNB and GNSS indicates it to OOC UEs. Both IC and OOC UEs reserve the V2V subframes that are overlapped with cellular UL/DL unused to alleviate interference from V2V service to cellular.
· Option 2: IC UE who can obtain the timing offset between eNB and GNSS will report it to eNB. Based on the timing offset, eNB reconfigures the resource pool and IC UE will relay the reconfiguration to OOC UE to alleviate the interference from V2V service to cellular.

Option 2 is preferred since the eNB can control the potential interference. In addition, the eNB also has the flexibility of not scheduling cellular service that could potentially interfere with V2V. Besides, option 2 seems to require less standardization effort than option 1.

[bookmark: _Ref129681832]Conclusions
In this paper, we discuss inter-UE coexistence of cellular and V2V services in the same carrier frequency when there is timing offset between V2V service and cellular. Based on the analysis, we have the following observations and proposals:
Observation: If there is a timing offset between eNB and GNSS, OOC UEs will cause interference on the cellular system.
Proposal: Select one of the 2 following options:
· Option 1: IC UE who can obtain the timing offset between eNB and GNSS indicates it to OOC UEs. Both IC and OOC UEs reserve the V2V subframes that are overlapped with cellular UL/DL unused to alleviate interference from V2V service to cellular.
· Option 2: IC UE who can obtain the timing offset between eNB and GNSS will report it to eNB. Based on the timing offset, eNB reconfigures the resource pool and IC UE will relay the reconfiguration to OOC UE to alleviate the interference from V2V service to cellular.
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