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Abstract: [This document is an UNHANDLED Tdoc in SA1#70, Los Cabos.] Depending on which spectrum is used for V2X Service, the degree of usefulness of LTE-based V2X can vary in real deployment. Accordingly, it may be helpful if SA1 takes possible options for the spectrum allocation into consideration when developing use cases for LTE-based V2X service.
1. Introduction
As demand for the mobile broadband service continues to explode, the required amount of spectrum is also increasing. As a result, newer models of smartphones have been attempting to support more different band combinations while there are many bands that older smartphones do not support. This issue with older models of smartphones is a big concern because people replace their old phones by new ones in every second year on average. However, the situation may be different in case of vehicles. Normally, the lifespan of new vehicle is longer than 10 years. Furthermore, it is not yet clear whether vehicle owner can change the UE module installed in the vehicle. Following questions may arise:
· Q1: If band K is allocated for V2X today, can it be assumed that the bank K should still be allocated for V2X 10 years later? Otherwise, the V2X module of the vehicle will be useless as long as it is not replaced with new V2X module at proper time. 
Different characteristic of mobility should be also considered. For example, vehicles are continuously moving over wider area and the average speed of vehicles are much higher than normal UEs carried by human. Then, the optimal configuration of a cell for vehicle may be different from the optimal configuration of a cell for humans. Furthermore, the traffic characteristic is also somewhat different. That is, traffic safety messages are time critical: 
· Q2: Considering different characteristics of vehicles, should the band used for V2X service be used also for non-V2X service? Or, should the band used for V2X service be exclusively allocated for V2X service? 
According to V2X application protocol such as CAM, a vehicle should generate 1-10 messages per second and it should be transmitted no later than 100ms after generation. Thus, requirement on resource allocation is somewhat demanding. As the number of vehicles subscribed to V2X service increases, one LTE band may become insufficient for accommodating all V2X traffic. The situation may get even more complex if several operators provide V2X service at the same location. This leads to another questions like:
· Q3: Is it likely that regulators may allow only one operator for V2X Service at the same location?
· Q4: Depending on the number of V2X-enabled vehicles, the amount of needed spectrum for V2X service may differ. When more than one band is used for V2X service at specific area, is the vehicle required to operate on all the bands that provide the V2X service?
· Q5: Or, in a particular area, if there are different operators providing V2X service on different band, is vehicle required to monitor or scan signalling activity on all available bands even if it belongs to other operators?
Though it is not yet finalized by regulatory requirements among different countries, frequency band for DSRC/WAVE-based V2X service is most likely to be around 5.9 GHz for which support by LTE is yet lacking: 
· Q6: Similar to the case of DSRC/WAVE-based V2X, is it likely that regulators may allocate dedicated spectrum also for LTE-based V2X?
· Q7: Or, is the 5.9 GHz (or other band allocated only for V2X service by regulators) can be either used for LTE-based V2X or DSRC/Wave-based V2X?
Depending on regulation, the band used for V2X service can possibly be unlicensed spectrum. Or, because vehicle safety serves public benefit, one may assume that spectrum reserved for Public Safety should be also used for V2X service:
· Q8: If regulators designate unlicensed band for V2X service, can LTE-based V2X operates on that band?
At this moment, it is hard to make any working assumption on spectrum allocation for V2X Study in SA1.  However, to develop realistic service scenarios, it would be better to keep in mind all possible spectrum allocation scenarios. Thus, it is proposed that all possible options for spectrum allocation for LTE-based V2X are listed in the Annex of TR22.885 for further consideration of use cases.
2. Proposal
It is proposed to add following text proposal into Annex of TR22.885.

* * * * Start of Addition * * * *
[bookmark: _Toc370723657][bookmark: _Toc411268732]Annex. X:
Spectrum allocation options for LTE-based V2X
[bookmark: _Toc411268733][bookmark: _Toc370723658]In the following, spectrum allocation options for LTE-based V2X are listed. Options are not mutually exclusive and a combination of them can also be considered. This list would not be exhaustive:
· Option 1: Commercial LTE spectrum
· Any band used for commercial LTE service can also be used for LTE-based V2X.
· Sharing Public Safety spectrum with V2X also can be considered. 
· Option 2: Spectrum dedicated to V2X, i.e., other non-V2X application cannot use the spectrum
· A spectrum is used only for LTE V2X. 
· Option 2A: MNOs shares a spectrum allocated for V2X. The spectrum can be used by any MNOs which have their own LTE spectrum for non-V2X application service. Depending on policy of regulators, some level of coordination may be desired among operators.
· Option 2B: Each MNO uses separate spectrum. Each spectrum is used only for LTE V2X.   
· A spectrum is used only for V2X either based on LTE or based on DSRC/WAVE.
· Option 2C: The allocated spectrum can be used for either DSRC/WAVE or LTE V2X.
· Option 3: Unlicensed spectrum 
· Option 3A: Unlicensed spectrum is shared with LTE V2X. This spectrum can be used for any purpose such as WiFi, Bluetooth, etc.

Table X.1: Spectrum allocation options
	Is it licensed spectrum for LTE only?
	Can it be shared with non-V2X service?
	Can it be shared among MNOs?
	Description
	Option

	O
	O
	O
	Unlikely scenario. For each commercial spectrum, one MNO generally owns the spectrum.
	N/A

	O
	O
	X
	Each operator uses its own spectrum. The spectrum is used for both V2X and non-V2X.
	1

	O
	X
	O
	Local Authority allocate dedicated spectrum for LTE V2X.
The spectrum can be used by any MNOs having spectrum for normal operation.
	2A

	O
	X
	X
	Each operator uses its own spectrum. The spectrum is used only for V2X.
	2B

	X
	O
	O
	This spectrum can be used for anything as long as regulatory requirement is satisfied. Examples is ISM spectrum.
Un-coordinated use of the spectrum may degrades QoS."
	3A

	X
	O
	X
	Unlikely scenario. Unlicensed band is assumed to be shared for any MNO.
	N/A

	X
	X
	O
	Local Authority allocate dedicated spectrum for V2X. This band can be used for either DSRC or LTE V2X.
	2C

	X
	X
	X
	[bookmark: _GoBack]Unlikely scenario. Because unlicensed band is generally assumed to be used by anyone, it is unlikely that the spectrum is not shared among MNOs.
	N/A




