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1.	Introduction
CT4 has discussed the C4-203240 which is to enable the UP function to report the UE IP address Allocation Status in the UP function, when the UP function is requested to allocate UE IP address from a UE IP address range prefigured for a Network Instance, and optionally from a specific UE IP address pool for that Network Instance, in the UP function.

In general, companies agreed such solution is required, to avoid the PFCP Session establishment failure due to running of available UE IP Address space.  

However, three alternatives have been discussed at the meeting:
1. As proposed in C4-203240, include such the UE IP address Allocation Status as a separate information element i.e. "UE IP Address Allocation Information" in the PFCP Session Establishment response message; 
https://www.3gpp.org/ftp/tsg_ct/WG4_protocollars_ex-CN4/TSGCT4_98e_meeting/Docs/C4-203240.zip

1. As proposed in the revision v2 below, where such the UE IP address Allocation Status is conveyed in an extended  Load Control Information IE, as additional LCI instance(s) for different Network Instance and optionally with UE IP Address Pool Id(s);
https://www.3gpp.org/ftp/tsg_ct/WG4_protocollars_ex-CN4/TSGCT4_98e_meeting/Inbox/Drafts/6.3.2/C4-203240_v2_CR0448_29244_UE%20IP%20address%20Allocation(%2Bbruno).zip

1. As proposed by Huawei, using Heartbeat Request/Response to convey such the UE IP address Allocation Status. 


Discussions:

The aspects require to be discussed:
1. Should use Node level (association) level or Session level signalling to convey such UE IP Address allocation status information;

1. What should be included in UE IP Address allocation status information? Can we direct use LCI (so Load is reported per Network Instance or Network Instance together with UE IP Address Pool) or need specific UE IP address allocation information. 

Issue A:
1. Using Heartbeat Request/Response to convey such UE IP Address allocation status information, we think it is not very appropriate:  

· Heartbeat Request/Response message are not node (PFCP association) level signalling, neither session level, it is PFCP entity level;  
· The IP Address(es) to be monitored by Heartbeat Request/Response are the N4/Sx control plane IP address(es), and this IP address range(s) are complete orthogonal for the UE IP Address range(s), i.e. a Network Instance may be supported by multiple PFCP entities or multiple Network Instances may be supported by one PFCP entity, within an PFCP association;
· More importantly, it is not frequent enough to rely on the existing Heartbeat Request/Response, since if  there are continuous sesssion related signalling messages in the path, there is no need to send a Heartbeat Request/Response. Considering the Sx/N4 is a very busy interface, the existing Heartbeat Request/Response is likely not frequent enough to efficiently report the usage of UE IP address; otherwise it will lead extra Heartbeat Request/Response.
· The Heartbeat Request/Response (same as Echo Request/Response) is solely used for signalling path management, not really good to overload its function. During GTP-C overload, this option was quickly discarded.

1. Using PFCP Association Update message may be more reasonable if we take node level approach, as UP function uses this procedure to report its UE IP Address related resource, e.g. UE IP address Pool Information. The drawback is that it will lead extra signalling, so we need extra mechanism to minimize the extra signalling, e.g. report UE IP Address allocation status only when there is 5% increase. From implementation point view, it may require extra logic to collect usage information.

1. Using existing session level signalling is more straight forward, especially if we include such information in the PFCP Session Establishment Response message, since at that time, the UP function will allocate an IP address from a UE IP Address Pool of the Network Instance, or from a given Network Instance. It is easier for implementation; UP function can easily report the current figure the number of allocated UE IP address vs the number of configured. 


Conclusion 1: Using Session level signalling, e.g. PFCP Session Establishment Response is preferred.

Issue B:
Load Control information as defined in the PFCP is "The UP function may signal its Load Control Information to reflect the operating status of its resources, at the node level, allowing the receiving CP function to use this information to augment the UP function selection procedures.", it is reflecting overall situation in the UP function whether a new PFCP Session can be accommodated; however, considering that:
· A Network Instance in corresponding to DNN/APN may be configured to use different UE IP Address Pools, one of UE IP Address Pool is approaching be full while the other may have plenty available;

· A Network Instance in corresponding to DNN/APN may be configured to use both CP allocation and UP allocation method; e.g. UP can still establish PFCP sessions if CP allocating UE IP address when the UE IP Address range configured in the UP function is already full;

· Though capacity information for a UP Function may be configured in NRF/DNS, but the resource pertaining to different Network Instance (for a DNN/APN) may not be the same, that is also the reason that CT4 introduced "TNode-APN-weight-factor = TNode-weight-factor X TNode-APN-relative-capacity" (See TS 29.303 for more information) to support APN level load control.  So, we need the number of total UE IP address configured for a given Network Instance or a UE IP address pool together with the Network Instance.

Conclusion 2:  the information "Number of UE IP Address" and " UE IP Address Pool Id " are needed, the existing LCI information element field can't accommodate the needs for reporting the status of UE IP address allocation. And Load per UE IP address pool Id seems odd. 

In addition, calculating the Load Control information per Network Instance requires much more UP function implementation effort, where the Load metric is normally related to "memory/CPU usage in relationship to the total memory/CPU available, etc." while UE IP address range is more related to configuration issue, i.e. running out UE IP Address doesn't necessarily mean that the UP function cannot serve more PFCP sessions. (See below from GTPv2 Load Control.)
"The computation of the Load Metric is left to implementation. The node may consider various aspects, such as: the used capacity of the node based on activated bearers in relationship to maximum number of bearers the node can handle, the load that these active bearers produce in the node (e.g. memory/CPU usage in relationship to the total memory/CPU available, etc.)."

Also, considering there is a wish to decouple it from the load control, it is proposed to go for the original proposal as described in C4-203240, simply to enable the UP function to report the allocation status of UE IP Address, to avoid multiple failure of PFCP Session Establishment Request messages. 

Proposal:
It is proposed to agree the corresponding CR C4-204272.

