Temporal aspects of services 
Services, in which resources are dynamically requested, reserved and provisioned, require temporal aspects to be understood and controlled.  Each NSA must maintain its own clock, and it is necessary for these clocks to be synchronized. In practice, NSAs can implement NTP or radio time and frequency services to achieve this synchronization. 
When resources are sought by a requester NSA from a provider NSA, a service instance is created and an identifier is assigned to that service instance.  Then, according to the parameters of the request (i.e. its service definition), the provider NSA identifies a set of available resources which satisfy the request and associates them to the instance (reservation). The resources are provisioned and released at some point on the temporal axis. The “start time” and “end time” information is used to specify the time boundary of the requested  connection in-service period.It is the responsibility of the Provider NSA to attempt to deliver the connection as close to the start and end times as it is able.  It should be noted that this may have some uncertainty as typically the duration of the provisioning phase cannot be precisely predicted.
The requester has the option of either nominating an end time or nominating a duration for the connection.
 “Infinite” can be used as an end time. In this case, resources are reserved forever (i.e. until a “ReleaseRequest” is received or may be overwritten by policy limits). Note that the resource reserved forever cannot be used for other requests of later time.

Advance reservation 
Advanced reservation requests will specify the required resources and the provisioning start and end time. The request is processed by a scheduler, and the scheduler finds a set of resources available for the requested duration and allocates them to the request to create a reservation.  If the scheduler cannot find an available set of resources which satisfies the request, the request is denied. This scheduling process is part of path finding in the connection service. A reservation database (i.e. calendar) should be maintained by the scheduler or resource managers, and referred and updated by the scheduler. 

Resources are reserved during the reservation period.  There are two ways by which the provisioning phase can be initiated: explicit provisioning and automatic provisioning. In the explicit provision method, provisioning of resources must be explicitly signaled by the requester NSA. This provisioning request can only be sent when the provider NSA is in scheduled phase. In the automatic provisioning method, resources are provisioned automatically by NRMs at the start time of the reserved duration.
As shown in Figure 4, a requester NSA first sends a ReserveRequest message to a provider NSA. The provider NSA  Schedules resources, and notifiesthe requester whether it can deliver the request. If explicit provisioning is used, the requester must send a ProvisonRequest message to the provider NSA, and the NSA  then provisions a service instance. If the automatic provisioning is used, the resources are provisioned at the start time. The requester may send a CancelRequest message. A CancelRequest message received before the provisioning removes the reservation from the reservation database. A CancelRequest message received after the provisioning releases the provisioned resources.
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Figure 4: Service instance lifecycle
.

The following phases (P) of the connection are identified:

P1
Reserving phase.

P2
Scheduled phase.  

P3
Provisioning phase. 

P4
In-service phase.  

P5
Releasing Phase.  

Time required to process request and guard time 
It takes some time to process a request. Possible maximum time required to process a request and make resources ready for provisioning is called “guard time”. Each provider NSA must define its guard time and provide it to requester NSAs. A requester NSA should not request a reservation which start time is smaller (earlier) than (current time + guard time). Time required for message delivery should be taken into account too. If a provider NSA receives a reservation request which start time is before (current time + guard time), it simply denies the request (the start time is a constraint in the path finding process). If explicit provisioning is used, note that the processing of a ProvisionRequest message will also take some time.
If for any reason (such as processing delays) an accepted reservation has a start time that is in the past once the provision phase is reach, the provider should treat that time as ‘now’.
Compatibility with 2 phase commit (2PC) systems

This system is designed to be compatible with systems based on 2PC.  In a 2PC system, and additional phase exists between P2 and P3. This phase is the ‘commit’ phase.  The commit phase allows the originating requestor NSA to collect reservation confirmations from child NSAs.  The originating requester then sends out a commit request once all confirmations have been received.  The purpose is to prevent provisioning beginning on any networks before all participating networks have confirmed their reservation.  This prevents partially provisioned connections being created.

This operation can be replicated in the 1PC system defined here with the use of explicit provisioning mode.  In this case the original requester may wait for all child NSAs to confirm their reservation before issuing a ProvisionRequest message.  This in effect combines the commit and provision requests of the 2PC method into a single message.


Immediate reservation

It is possible for the requester NSA to set the start time to ‘asap’.  In this case the provider NSA will schedule the connection and move straight to provisioning.  This mode is referred to as immediate reservation to distinguish it from advanced reservation.
�I am not sure whether this should be supported.


�I think this section is not only for connection service but also for other services which reserves resources. So I used “service instance” instead of “connection” here.





