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Introduction
In RAN#68, a RAN level study item for LTE-based V2X services was approved in [1] with a study scope mainly traces from an existing technical report [2] being progressed in SA1. Based on the captured use cases in the TR, in this contribution, we summarise possible deployment scenarios that should be focused on and raise some possible assumptions for further consideration during this SI.
Discussion
Deployment scenarios
From SA1 technical report [2] and this SID [1], we envision three main deployment scenarios that should be focused on and they can be depicted using the following two diagrams.
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	Figure 1: Deployment scenario with dedicated carrier for V2X services.
	Figure 2: Deployment scenario where V2X operating on MNO’s carrier and may be shared with normal LTE operation when in-coverage.



Deployment Scenario 1 (Figure 1): Dedicated spectrum for LTE-based V2X
· When in-coverage (IC)
· Macro layer coverage is provided by serving eNB on F1. V2X UEs and RSUs connect to the eNB and ITS server for at least the following functions:
· Authentication and authorisation from the NW including security parameters  (as required in SA1 TR22.885 [2])
· Getting traffic updates (from far) and warning messages that have been relayed
· Normal LTE uplink and downlink operations
· V2X message transmission/reception primarily over the PC5 interface on the dedicated ITS spectrum F2.
· Sidelink resource parameters on the dedicated ITS spectrum F2 are expected to be pre-configured.
· When out-of-coverage (OOC)
· Only the dedicated spectrum F2 is used for V2X (RSU: only UE-type).
· All UEs and nodes are (pre-) authorised by the NW to transmit and receive V2X messages.
· Sidelink radio resource parameters for OOC are expect to be the same as IC and also pre-configured to UEs and nodes.
Deployment Scenario 2 (Figure 2): Operator shared spectrum for V2X not shared with normal LTE
· When in-coverage (IC)
· Macro layer coverage is provided by serving eNB on F1, where F1 is a shared spectrum between multiple operators and it is designated for V2X services (not shared with normal LTE operation). V2X UEs and RSUs connect to the eNB and ITS server for at least the following functions:
· Authentication and authorisation from the NW including security parameters  (as required in SA1 TR22.885 [2])
· Getting traffic updates (from far) and warning messages that have been relayed
· Obtaining sidelink resource configurations on F1 UL carrier/subframes
· Receiving scheduling grant to transmit V2X messages on F1 UL carrier/subframes
· V2X message transmission/reception primarily over the PC5 interface on the operator shared spectrum F1.
· When out-of-coverage (OOC)
· Only one common spectrum (F1 – operator shared spectrum) is used for V2X services.
· All UEs and nodes are (pre-) authorised by the NW to transmit and receive V2X messages.
· Sidelink radio resource parameters are pre-configured to all UEs and nodes.
Deployment Scenario 3 (Figure 2): Operator specific spectrum for V2X with normal LTE operation
· When in-coverage (IC)
· Macro layer coverage is provided by serving eNB on F1, where F1 is an operator specific spectrum to be shared between V2X services and normal LTE operation. V2X UEs and RSUs connect to the eNB and ITS server for at least the following functions:
· Authentication and authorisation from the NW including security parameters  (as required in SA1 TR22.885 [2])
· Getting traffic updates (from far) and warning messages that have been relayed
· Normal LTE uplink and downlink operations
· Obtaining sidelink resource configurations on F1 UL carrier/subframes
· Receiving scheduling grant to transmit V2X messages on F1 UL carrier/subframes
· V2X message transmission/reception primarily over the PC5 interface on the operator specific spectrum F1.
· UE need to obtain sidelink resource configuration of neighbouring cells that belong to different operators at least for V2X message reception, since at one geographical location multiple operator specific spectrums may exist at the same time.
· When out-of-coverage (OOC)
· All UEs and nodes are (pre-) authorised by the NW to transmit and receive V2X messages.
· Sidelink radio resource parameters are pre-configured to all UEs and nodes.
· Similar to IC, multiple operator specific spectrums operates at the same time. All UEs and nodes need to monitor all pre-configured radio resource pools for V2X messages.
· Scanning / monitoring on pre-assigned frequency spectrum belonging to different operator will be necessary.
Proposal 1: It is proposed the above identified 3 deployment scenarios for V2X are to be captured in a SI technical report.
Frequency bands
As discussed in deployment scenario 1, the use of dedicated ITS spectrum could be one possible mechanism to realise V2X services. In fact, dedicated ITS spectrum had already been allocated in different regions around the globe. In [3], it gives a good survey of regions and spectrum band that had been assigned targeting DSRC (at least until 2009). It is also recaptured in the table below for convenience.
Table 1: DSRC frequency band specifications in Europe, North America and Japan, from [3]
	
	Frequency Range (MHz)
	Bandwidth

	Europe 1
	5,795 ~ 5,815
	20 MHz

	Europe 2
	5,875 ~ 5,905
	30 MHz

	North America 1
	902 ~ 928
	26 MHz

	North America 2
	5,850 ~ 5,925
	75 MHz

	Japan 1
	710 ~ 730
	10MHz in this band

	Japan 2
	5,770 ~ 5,850
	80 MHz



As seen from Table 1, 5.9GHz is a widely recognised and allocated frequency band around the world for ITS. Hence, we propose following:
Proposal 2: For the dedicated V2X spectrum scenario, it is proposed to focus on at least the high frequency band 5.9GHz case.
Assumptions
Power control assumption
The principle of power control mechanism in Rel-12 ProSe D2D is to minimise the amount of interference to WAN UL operation while maximising the coverage of D2D transmission range. Therefore, while in-network coverage, D2D transmissions often can be heard by the local eNB and hence strict control of Tx parameters by the eNB is necessary. 
In V2X, on the other hand, message transmission in most cases (especially over the PC5 interface) is intended for UEs that are within the immediate vicinity. According to [2], the target transmission ranges from a minimum of 50m up to a maximum of 320m, depending on the travelling or the detected travelling speed. Therefore, in most cases, it is expected that the local eNB will not be able to hear V2X transmissions, unless the transmitter UE is almost right underneath.
While this low transmission power behaviour has certainly some merits in the network (e.g. low interference to the UL and high radio resource reuse factor), it will also pose some challenges in the existing sidelink power control mechanism.
Observation 1: In realistic deployment, local/serving eNB, most of the time, will not be able to hear V2X message transmissions in a cell to perform sidelink power control. It seems the best way, at least for the purpose of evaluation, is that sidelink V2X transmission power is determined by the travelling speed or the detected travelling speed. 
Synchronisation assumption
In Rel-12 ProSe D2D design, a common synchronisation signal and a complex mechanism to achieve common reference timing between two communicating UEs were introduced. When in-coverage, this was done by utilising the network timing (i.e. PSS/SSS). For partial and out-of-network coverage cases, synchronisation among UEs is achieved by relying on a UE forwarding its reference timing or nominating itself to become a synchronisation source and thus transmitting PSSS/SSSS and PSBCH. 
In LTE system, it is a common practice for eNBs to receive positioning signals (PS) and use its timing to synchronise to each other. In the market, all smartphones have PS receiver built-in such that they can all determine their physical locations at any time without the need of a cellular network. In future V2X road-safety applications, all UEs and RSUs will be mandatory to receive PS at least for the “positioning” purpose to determine its location and coordinates. So it seems naturally, the most straight forward approach to achieve a common reference timing (and thus synchronisation among V2X UEs and nodes) is to base on the received PS timing, instead of the existing complicated synchronisation mechanism and priority rules in ProSe D2D. In fact, if PS based timing is adopted, possibly the existing sidelink synchronisation signals and broadcast channel may not be needed any longer in V2X, which in turn incurs less resource overhead and UE processing complexity (means power saving).
Observation 2: It seems positioning signals like GPS could potentially be used as communication timing reference between V2X UEs and nodes to replace the existing mechanism of using PSSS/SSSS and PSBCH.
Interface assumption (between RSU and local eNB/NW)
In the current SID [1] and also implicitly implied in SA1 TR [2], two types of RSU that potentially can be deployed in V2X network are UE-type RSU and eNB-type RSU.
For eNB-type RSU, it is an eNB (possibly Macro and small cell) has its own cell coverage but also acting as a RSU, since it can hear V2X messages from surrounding UEs. Or it can be a RRH node (like a SCell in CA) providing a normal cellular coverage (transmitting existing MIB, SIBs, synch signals, CRS and etc). In either case, the eNB-type RSU is likely to connect to the backbone network (ITS server) through high-speed dedicated link (e.g. optical fibre, microwave).
For the UE-type RSU (expected to be the most common case), its communication with the local eNB in our initial view would be using the Uu interface (as the name suggested) for fast and flexible deployment.
Observation 3:
· It should be allowed for a RSU to connect to the local eNB/NW (subsequently to the ITS server) via fixed wired or even microwave link interfaces. Potential benefits in using this type of interface for fast and dedicated communication link include low communication latency and high reliability.
· It should also allow for a RSU to connect to a local eNB/NW via the Uu interface for fast and flexible deployment, as some RSUs are temporarily deployed to send warning messages about “road work/hazard ahead”.
Conclusion
In this contribution, we presented three main deployment scenarios for LTE-based V2X services that should be focused on during this study item, namely:
Deployment Scenario 1: Dedicated spectrum for LTE-based V2X
Deployment Scenario 2: Operator shared spectrum for V2X not shared with normal LTE
Deployment Scenario 3: Operator specific spectrum for V2X with normal LTE operation.
We discussed their main operations in Section 2.1 and following is proposed.
Proposal 1: It is proposed the above identified 3 deployment scenarios for V2X and their descriptions are to be captured in a SI technical report.

In this contribution, we also provided some initial considerations on several aspects like frequency bands, power control, synchronisation and interface between RSU and local eNB/NW. In summary, we draw the following proposal and observations:
Proposal 2: For the dedicated V2X spectrum scenario, it is proposed to focus on at least the high frequency band 5.9GHz case.
Observation 1: In realistic deployment, local/serving eNB, most of the time, will not be able to hear V2X message transmissions in a cell to perform sidelink power control. It seems the best way, at least for the purpose of evaluation, is that sidelink V2X transmission power is determined by the travelling speed or the detected travelling speed.
Observation 2: It seems positioning signals like GPS could potentially be used as communication timing reference between V2X UEs and nodes to replace the existing mechanism of using PSSS/SSSS and PSBCH.
Observation 3:
· It should be allowed for a RSU to connect to the local eNB/NW (subsequently to the ITS server) via fixed wired or even microwave link interfaces. Potential benefits in using this type of interface for fast and dedicated communication link include low communication latency and high reliability.
· It should also allow for a RSU to connect to a local eNB/NW via the Uu interface for fast and flexible deployment, as some RSUs are temporarily deployed to send warning messages about “road work/hazard ahead”.
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