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1. Introduction

In last meeting, the CT1 has discussed on network control on always-on PDU sessions but there was no conclusion due to several companies having some different concerns. This paper attempts to analyze advantages and disadvantages of several possible network controlled mechanisms and discuss possible optimizations of the network controlled mechanisms.
2. Discussion

2.1 Is it necessary for the network to send the Always-on PDU session indication to the UE?
One company commented that a network locally controlled always-on PDU session can work well: the network (either AMF or SMF) can mark a PDU session as an always-on PDU session in its local UE context without sending an explicit always-on indication to the UE during the PDU session establishment. Hereafter, whenever the UE moves to the connected mode, the network, based on its local UE context, always requests the NG-RAN to activate the UP resources (e.g. DRB) for the marked always-on PDU session, even the UE does not request to reactivate the UP resources for it (i.e. neither Uplink data status IE nor Allowed PDU session status IE was included). 
Keeping in mind CT1 has already defined a UE locally controlled always-on PDU session, if CT1 also adopts above network locally controlled always-on PDU session, then the situation will be there are two independent local mechanisms defined in CT1 for always-on PDU session. Then one may wonder whether these two independent local mechanisms could co-work well or not. The answer from us is NO! 
Several problems and procedural impacts were identified as shown in table 1 taking all use case combinations into account. Note that "UE locally decision" and "Network locally decision" in the table header mean the final decision made by the UE or the SMF locally during the PDU session establishment procedure.
Table 1

	Use cases
	UE locally decision
	Network locally decision
	Problems & Impacts

	Case #1
	Non-always-on
	Non-always-on
	No problem, the same as legacy

	Case #2
	Non-always-on
	Always-on
	· If the decision is made by the AMF, a new trigger needs to be added for the AMF to request the SMF to reactivate the UP for the marked always-on PDU sessions. Note that so far the AMF requests the SMF to reactivate the UP only if the Uplink data status IE or Allowed PDU session status IE was received.
· If the decision is made by the SMF, the network control cannot work well due to the SMF cannot always know every UE transition from the idle mode to the connected mode. Even the SMF knows every UE status transition, a new trigger needs to be added for the SMF to indicate the NG-RAN to  reactivate the UP for the marked always-on PDU sessions. Note that so far the SMF will do this only if it received the request from the AMF or the DDN from the UPF.

	Case #3
	Always-on
	Non-always-on
	The network control does not make any sense (i.e. the same as no network control) due to the UE shall always include the Uplink data status IE for always-on PDU sessions marked by the UE and the network shall follow UE request to reactivate the UP for it. Here the key point is that the network doesn't know whether the Uplink data status IE reqeusted by the UE is due to pending UL data to be sent or due to always-on PDU session.

	Case #4
	Always-on
	Always-on
	The same as above Case #3, it results in the network control has no sense (i.e. the same as no network control).


Hence we could propose:
Proposal#1: The network controlled always-on PDU session indication has to be sent to the UE.
2.2 How to deliver network controlled always-on indication to the UE?

When it comes to delivery of network controlled always-on indication, two alternatives are feasible:
Alt#1:PCF delivers network controlled always-on indication to the UE; or
Alt#2:SMF delivers network controlled always-on indication to the UE (as proposed in C1-185219).

For Alt#1, our understanding is that the PCF may provision URSP rules which include an always-on indication to the UE. For Alt#2, the SMF could provide an always-on indication in the session management related procedures. Based on this, the evaluation of these two alternatives can be summarized in below table 2:
Table 2
	Alternatives
	Pros.
	Cons.

	Alt#1:
	· Provide one-time UE policy delivery instead of providing indication each time per PDU session establishment.
	· URSP can only be preconfigured or provisioned or updated by the HPLMN while the VPLMN cannot do anything on it. As a result, the VPLMN cannot provide any control on the always-on PDU session for the roming-in UEs, including LBO roaming cases.

· URSP is an optional policy provided by the HPLMN to the UE, hence the Alt#1 cannot work well in cases that the UE has no stored URSP preconfigured or provisioned by the HPLMN, e.g. the typical case is for a UE switches on with a new USIM.
· URSP is mainly used by the UE to match the application traffic to a PDU session in two steps: (1) The UE needs to evaluate URSP rules in precedence descending order based on the application information provided by the uppler layers to select a URSP rule. (2) The UE needs to evaluate RSDs of selected URSP rule in precedence descending order for PDU session match. In step (1), what application information provided by the uppler layers are totally out of network (HPLMN) control and hence, the network cannot know which URSP rule will be selected per application request. In this case, how the HPLMN decides to include the always-on indication in which URSP rule in order to control an always-on PDU session? In step (2), how the HPLMN decides to include the always-on indication in which RSD of a URSP rule in order to control an always-on PDU session? Does the HPLMN always include the always-on indication in the top#1 precedence RSD of each URSP rules? If yes, then whenever the UE establishes a new PDU session based on this URSP rule, it is an always-on PDU session. If no, then whenever the UE establishes a new PDU session based on this URSP rule, it is not an always-on PDU session. All these are out of network control.
· It is impossible for the Alt#1 to change the always-on status of a PDU session due to it can only work at the time of a new PDU session was established, e.g. if there exists a PDU session matching one of the RSDs of the URSP rule, the UE shall transfer the traffic of application on this PDU session while the always-on status of the PDU session would not be changed.
· For Alt#1, what H-PCF can update is URSP rule(s) including the always-on indication, which is only used at the time of a new PDU session needs to be established. However, so far the URSP update can only performed by UE policy section based updating, which may include more than one URSP rules. In case the H-PCF just want to update an always-on indication for one URSP rule, it has to provide the whole policy section to the UE, which indeed eats more radio resources. 

	Alt#2:
	· Simple. No need to configure the UE by the nework side.
· Commonality. Applicable to all scenarios, especially in roaming scenarios. 

· Scalability. Meet the needs of operators to dynamically modify always-on status on-demand during the PDU session life cycle.

· Adaptability. Can co-work well with existing UE controlled solution.
	· Each time a PDU session is established, the SMF may need to determine whether the PDU session is an always-on PDU session.


Based on above evaluation, we think Alt#1 cannot work well and cannot meet the operator requirement on controlling an always-on PDU session. Hence, we could propose:
Proposal#2: Alt#2(SMF delivers network controlled always-on indication to the UE) is adopted.
2.3 Can the always-on status of a PDU session be modified?
According to the currently specification, the status of an always-on PDU session will not be changed after it has been established. However, as per operator policy or configuration change, we believe it is reasonable to provide a flexibility for operators to change the always-on status during a PDU session life-cycle. In this case, the SMF can initiate a PDU session modificaiton proecedure to change the always-on status of an PDU session. Hence we could have:
Observation#1: The always-on status of a PDU session can be modified as per operator policy or configuration.

2.4 Does the UE need to provide an indication to the network for always-on PDU session?
For this points three cases need to be considered:

(1) The network shall provide the always-on indication to the UE only if it received the requested always-on indication from the UE.

(2) The network will decide to provide the always-on indication to the UE fully based on operator policies or its own configuration regardless of requested always-on indication from the UE.

(3) The network will take the requested always-on indication from the UE (if received) as one of input for final decision.
For case (1), the UE needs always provide an always-on indication to the network during the PDU session establishment procedure and this seems not a real network controlled mechanism. It still likes a UE controlled mechanism.
For case (2), it does make no sense for the UE to provide an always-on indication to the network.

For case (3), the UE may or may not provide an always-on indication to the network and it is useful for the network to make the final decision. This is a real network controlled mechanism. We believe this is a reasonable case here.
Hence we could have:
Observation#2: The UE may provide the network with an always-on indication and the SMF may take it into account for always-on PDU session decision.
3. Conclusion and Proposal

This paper analyzed advantages and disadvantages of several possible network controlled mechanisms and discuss possible optimizations of the network controlled mechanisms.
Based on the discussion, below proposals were proposed
Proposal#1: The network controlled always-on PDU session indication has to be sent to the UE.

Proposal#2: Alt#2(SMF delivers network controlled always-on indication to the UE) is adopted.

In addition, based on the discussion, we get below observations:
Observation#1: The always-on status of a PDU session can be modified as per operator policy or configuration.

Observation#2: The UE may provide the network with an always-on indication and the SMF may take it into account for always-on PDU session decision.
