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Discussion

A network slice reservation provisioning process needs to provide at least basic transactional ACID properties (Atomicity, Consistency, Isolation, Durability). In this innovation, we focus on the problem of atomicity. Either all the resources required for provisioning an entire Network Slice or Network Slice Subnet are reserved and if necessary re-configured, or no resources are allocated to the slice (in case the provisioning was not possible or there was a failure).
Providing full transactional support in network slice life-cycle management context would require the use of distributed nested transactions with 2-Phase Commits (2PCs). This would introduce a number of problems, however: 
1. The depth of the nesting is uncontrollable for a given management service and can become large and cross several organizational borders
· Unpredictable transaction behavior
· Unwanted exposure of implementation details outside organizational borders
2. In network slice LCM context, it can be expected that nested transactions may often take a long time to complete or may freeze altogether, e.g. due to locking of the involved resources or communication failures involving the involved management services

However, the need for basic transactional resource management in Network Slice or Network Slice Subnet provisioning is still required, including the atomicity.

A further problem is that while resources are reserved for a slice creation request for slice A, but before the slice has been created and activated, the Network Slice Management Function may receive another, higher priority slice provisioning request for slice B. In this case, the Network Slice Management Function may want to be able to pre-emptively re-allocate resources that were reserved for slice A to slice B. Currently there is no method that would allow this.

Current Flow

[bookmark: _Toc19715558][bookmark: _Toc51326756][bookmark: _Toc51326873][bookmark: _Toc82181142]7.13	Procedure of reservation and checking feasibility of NSI
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Figure 7.13-1 Network slice feasibility check procedure
1)	Network Slice Management Service Provider (NSMS_Provider) receives a provisioning NSI request (e.g., AllocateNsi request (see AllocateNsi operation defined in clause 6.5.1), ModifyNsi request (see modifyMOIAttributes operation defined in TS 28.532 [8])) from Network Slice Management Service Consumer (NSMS_Consumer) with network slice related requirements (e.g. Area information, User Number, traffic demand, QoS Quality, whether the requested network slice instance could be shared).
2)	[Optional] NSMS_Provider may request information and updates from Network Slice Management Function _Provider and Other_MS_Provider regarding the resources. 
3) NSMS_Provider sends reservation requests to Network Slice Subnet Management Service Provider (Network Slice Management Function _Provider) and (if needed) Other Management Service Providers (Other_MS_Provider), e.g., MANO, TN manager. NSMS_Provider receives responses with information regarding allocated resources, e.g., their availability, identification information of reserved resources and so on. 
4)	A reservation request to Network Slice Management Function _Provider can trigger NSSI feasibility checking. 
5)	NSMS_Provider evaluates the responses to determine if the network slice requirements can be satisfied.
6)	If feasible, 
6.a)	NSMS_Provider is ready for provisioning.
6.b)	[Optional] Acknowledgement regarding reservation check results can be sent to NSMS_Customer.
7)	If not feasible, 
7.a)	NSMS_Provider cancels reservations, optionally may receive acknowledgement.
7.b)	NSMS_Provider is not ready for provisioning.
7.c)	NSMS_Provider may send negative acknowledgement regarding results of reservation check to NSMS_Customer.

Proposal
The steps of the Network Slice reservation provisioning process with the expiration mechanism is shown in Figure 1: 
1. MnS consumer subscribes for Reservation job modification and Network Slice creation/deletion/modification notifications with Network Slice Management Function.

2. A Network Slice reservation provisioning request is sent by the MnS consumer using ReservationJob. Besides Network Slice requirements, it also contains the provisioningPriority attribute, which indicates to Network Slice Management Function (NSMF) and Network Slice Subnet Management Function (NSSMF), the priority of the provisioning request. The Network Slice Management Function receiving the Network Slice reservation provisioning request creates the ReservationJob and sends the reservation jobId immediately.

3. Then NSMF may optionally determine the estimated maximum duration of the complete Network slice reservation provisioning procedure.


3a.1 The Network Slice Management Function sends a resource reservation request to the required Network Slice Subnet Management Functions and other MS_Providers. This request may contain a timestamp indicating the requested earliest expiration of the reservation request (“requestedMinExpiration”), which is based on the estimation from step 3. The expectation or wish is that all constituent management services reserve the required resources at least until the requestedMinExpiration timestamp during the provisioning operation transaction, before it is committed by Network Slice activation procedure. 
3a.2 The receiving Network Slice Subnet Management Functions and other MS_Providers (later both referred to as MS_Providers) reserve the necessary resources for it. In case the Network Slice Subnet resources are available, the MS_Providers may indicate in their response an expiration timestamp (“reservationExpiration”). This indicates the maximum time period, which the MS_Provider will reserve the resources before they must be committed (the provisioning process must be completed). In other words, the MS_Provider service will guarantee the reserved resources only until reservationExpiration and if the provisioning/allocation process is not completed by then, may free or allocate them for other use. If a request to complete the provisioning/allocation comes after reservationExpiration and the reserved resources have already been freed, the responding management service shall reject the request. In case the feasibility check and resource reservation process contain also nested constituent MS_Providers, the MS_Provider needs to consider also their potential reservationExpiration and choose the earliest expiration time for its response. In general, the MS_Provider should consider the requestedMinExpiration timestamp in the request but note that the response expiration timestamp reservationExpiration may differ from requestedMinExpiration i.e., it may be either before or after the timestamp given in the request.

4. Network Slice Management Function evaluates the responses to determine if the network slice requirements can be satisfied. The expiration timestamps reservationExpiration from the feasibility check and resource reservation responses are collected by the Network Slice Management Function. It determines the earliest expiration timestamp from constituent MS_Providers and, Optionally, it may inform the MS_Providers for the constituent Network Slice Subnet Management Function(s) about the earliest reservationExpiration so that they can adapt (i.e., shorten) their reservation.

4a.1/4a.2 If the Network Slice Management Function is ready for provisioning, it sends a attibuteValueChangeNotification/feasiblity Ack message to the NSMS_Consumer, including the reservationExpiration timestamp, indicating how long the resources reserved for the Network Slice to be provisioned are available, i.e., until the operation needs to be committed (completed). 


4b. In case the Network Slice Management Function determines that the Network Slice is not feasible to be created/allocated, it sends a resource reservation cancellation message to constituent MS_Providers and they free the resources reserved for the Network Slice. Then the MnS consumer is notified of the infeasibility with a NACK message.

If at any point during the operations, one of the constituent MS_Providers wants to withdraw and free the resources reserved for the provisioning operation before the validity period defined by reservationExpiration ends, an additional constituent reservation cancellation that can be sent by a constituent MS_Provider.

The cancellation may be either effective immediately or may indicate a new, updated reservationExpiration value. This could be, for example, used in a pre-emptive case, where an urgent higher priority provisioning request needs to be prioritized over the current one. i.e., the Network Slice Subnet Management Function has meanwhile received a reservation request that contains a higher provisioningPriority attribute. Since the request cannot be accommodated with the remaining idle resources, the NSMF/NSSMF cancels the reservation for the initial request and re-allocates the resources to the new request with higher priority. 

Another case requiring cancellation might be unexpected failures in the constituent Network Slice Subnet(s). In any case, the receiving Network Slice Management Function (or a parent Network Slice Subnet Management Function) shall evaluate the impact on the feasibility of the Network Slice/Network Slice Subnet. If the Network Slice/Network Slice Subnet  is not feasible anymore, the MnS consumer will be notified with a feasibility Nack message and remaining reservations for constituent Network Slice Subnet(s)  reservation(s)  are cancelled.

Note that in case the validity period of constituent NSSMF resource reservation as indicated by the expiration timestamp expires, the MS_provider does not need to notify this, since the MnS_consumer has been already notified about the expiration timestamp. It may optionally, however, send a constituent resource cancellation request with the reason indication EXPIRED.
Request:
	IS operation parameter name
	SS parameter location
	SS parameter name
	SS parameter type
	Qualifier

	requestedMinExpiration
	request body
	requestedMinExpiration
	Timestamp
	O

	provisioningPriority
	request body
	provisioningPriority
	Alphanumeric (e.g., String)
	O

	preemtable
	request body
	provisioningPriority
	preemptable
	O

	resourceType
	request body
	resourceType
	Timestamp
	O

	serviceProfileList
	request body
	serviceProfileList
	LIST OF SEQUENCE< serviceProfile, value> 

	O

	sliceProfileList
	request body
	sliceProfileList
	LIST OF SEQUENCE< sliceProfile, value> 

	O

	jobProgress
	request body
	jobProgress
	JobProgress
	O



Response:
	IS operation parameter name
	SS parameter location
	SS parameter name
	SS parameter type
	Qualifier

	reservationExpiration
	response body
	reservationExpiration
	Timestamp
	CM



Note that the use of the expiration mechanism and therefore also the expiration timestamps may be optional. For the “provisioningPriority” parameter, multiple Qualifier options (“CM”, “M”, or “O”) are possible.

Data structure definitions are the following
	Name
	DATA TYPE
	P
	Cardinality
	Description

	requestedMinExpiration
	Timestamp
	O
	1
	The requested expiration timestamp derived from the estimated maximum duration of the provisioning operation done by the requesting management service. 
This is the temporary time till which the resources need to be reserved for the requesting management service before the requesting management service commits the reservation finally.
If it expires, the reservation gets cancelled automatically.

	reservationExpiration
	Timestamp
	O
	1
	The validity period of the resource reservation. After the period expires, no guarantees are given for the resources associated to the operation.
This is the temporary time till which the resources will be reserved by the management service producer for the requesting management service.
At the expiry of this timer, the management service producer shall release the reserved resources of the requesting management service.

	provisioningPriority
	Alphanumeric (e.g., String)
	O
	1
	The relative priority of the slice provisioning request. This shall enable the prioritization of parallel Network Slice / Network Slice Subnet provisioning requests, particularly in case multiple requests compete for the same set of limited resources.

	premptable
	Boolean
	O
	1
	This is to say whether requested network slice can be pre-empted or not

	resourceType
	string   0..*

	O
	*
	Type of the resource for reservation


	serviceProfileList
	LIST OF SEQUENCE< serviceProfile, value> 

	M
	1
	Service Profile list

	sliceProfileList
	LIST OF SEQUENCE< sliceProfile, value> 

	O
	1
	Slice Profile list

	jobProgress
	JobProgress
	CM
	1
	Job Progress details
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Figure 1: Network Slice reservation process with the expiration mechanism
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