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1. Introduction

For 3GPP access, TS 23.401 CR 1717 (S2-104234), TS 23.060 CR 1168 (S2-104237) and TS 29.272 CR 1168 (C4-102696) have removed the need for MME or SGSN to send a Notify message to remove the PGW ID / APN in the HSS when a PDN deregistration occurs. A main objective of these CRs was to minimize the signalling to HSS.  
For non 3GPP access, there is currently not a similar behaviour specified, so it drives to different interpretations to decide if the AAA server shall or not send a message to HSS to remove PGW IDs in the HSS.

TS 23.401 5.7.6 and TS 23.402 13.4 subclauses have addressed the particular case of wildcard APNs regarding to related PDN registrations and deregistrations.   

This paper analyses the PDN registrations / deregistration handling towards the HSS for the case of subscribed APN and the case of wildcard APN, to identify the stage3 clarifications or corrections to be brought and possible impacts to stage 2. 

2. Subscribed APN 
A subscribed APN is a permanent data stored in HSS in the user profile. The associated PDN GW is a temporary data that is stored in the HSS only when the user is subscribed to non 3GPP access (as specified in TS 23.401) and is used for hand over purposes between the different access types.

Hereafter we consider the user as having a non 3GGP access subscription allowing hand over. 
a) When there is a PDN GWY deregistration in the 3GPP access, as indicated in the introduction, MME or SGSN do not notify the HSS to remove the PDN- GW Id. So HSS keeps it stored although it may be of no more use for HO when there is no PDN connection set up  for this APN.  Nevertheless, when HSS has to download subscription data to MME or SGSN or AAA server, it will transfer this PDN GW information. It may then be used or not by an entity establishing a PDN connection according to the PDN GW selection function described in TS 23.401 4.3.8.1 or TS 23.402 4.5.1. To note the possible benefit to reuse this PDN GW information coming from a previous attachment.

b) When there is a PDN GWY deregistration in the non 3GPP access:
· Regarding  TS 23.402  12 subclause about  “Interactions between HHSS and AAA server”
· 12.1 subclause lists the different purposes of the location management procedures but has no bullet addressing PDN  disconnection/deregistration 
· In 12.1.4, a CR has added the sentence: “This procedure can be used for both PDN GW registration and de-registration” . But the remaining text of this subclause only deals with the supply of a PDN GW identity when a PDN GW is selected, and is not well applicable to the removal case. 
·  in TS 29.273 8.1.2.2.2 “UE/PDN Registration/Deregistration Notification” effectively describes the case of a removal of the PDN GW identity. 

The CRs removing PDN GW ID notification to HSS for a PDN  deregistration in 3GPP access case have not had  their counterparts (st2 and 3) for the non 3GPP access. There is currently no identified reason for which the behaviour should be different for non 3GPP access. But there is a requirement to do it, as it saves signalling to HSS (and back to MME/SGSN) each time a PDN deregistration (outside hand over) occurs in the 3GPP access..
This subscribed APN case would need a correction at stage 2  (TS 23.402) as well as to stage 3 (TS 29.273).  
3. Wildcarded APN 

The difference with subscribed APN is that an APN that is allocated in association with the wildcard APN is a temporary data that is stored with its PDN GW ID in the HSS,

a) This storage in HSS does not occur when the user has no subscription to non 3GPP access with handover, so the TS 23401 5.7.6 hereafter statement is not accurate as this PDN-GW registering in this case does not apply to HSS:
 When a request is received for registering a PDN GW ID and there is no PDN subscription context with this APN, the nodes (HSS/MME/ S4 SGSN) shall store the PDN GW ID - APN relation for the UE.

This statement  is furthermore a bit contradicting with TS 23.401 5.3.2.1 “E-UTRAN Initial attach”step25 where MME shall send a Notify request  including the APN and the PDN GW ID  to HSS  if, among conditions, the user “ is allowed to perform handover to non-3GPP accesses”.  

b) assuming the user has a non-3GPP access subscription,  the storage of an APN (and its PDN GW) associated to the wildcard APN in HSS may occur either from MME, SGSN or from AAA server . If there is no procedure to remove this temporary APN, it means that the APN wildcard in HSS will contain a list of APNs that will be maintained overtime, with no possible decrease but a possible increase of this list.
A possible way is that the  temporary APNs  associated to a wildcarded APN  are removed   when the UE profile in HSS does not contain any more MME, SGSN, and  AAA server address stored  (UE is not registered in 3GPP access and in non 3GPP access). It is simple and does not generate extra signalling. 
If this way is not accepted, and no other one identified, it would drive to use a notification issued by MME, SGSN or AAA server to remove the PDN GW Id and the APN associated to the wildcard APN from HSS when there is a PDN disconnection occurring (not linked to a hand over and being the last one associated to the APN), but only for this wildcard APN case and not for a subscribed APN . 

This wildcard APN case would need a correction at stage 2  (TS 23.401, TS 23.060, TS 23.402) as well as to stage 3 (TS 29.272 , TS 29.273, TS 29.002).  
4 Proposals
The hereafter stage 3 proposal minimizes the signalling to HSS regarding PDN GW Id - APN information.
· in TS 29.272, no change  regarding Notify request. To add an indication to remove the APNs (and their PDN GW Id) associated to a wildcard APN when the user is no more registered in 3GPP and non 3GPP accesses.
· In TS 29.273, removal of text indicating removal of PDN GWYs ID and APN when a PDN deregistration. An indication to remove the APNs (and their PDN GW Id) associated to a wildcard APN when the user is no more registered in 3GPP and non 3GPP accesses.

A less optimal solution about signalling to the HSS  is if the APNs (and their PDN GWs) associated to a wildcard  have to be removed after a PDN disconnection not linked to a handover, so with following changes:  
· For non 3GPP access, in the relevant 29.273 subclauses (in particular 8.1.2.2.2) to specify that a message from AAA server to HSS removing  a PDN GWY ID and APN  shall be sent  when there is a PDN disconnection  for an  APN associated to a wild card APN, not linked to a hand over and being the last one associated to the APN. 

· For 3GPP access, in the relevant 29.272 subclauses (in particular 5.2.5 ) to add that a Notify request removing  of a PDN GWY ID and APN  shall be sent when, for a user allowed to perform handover to non-3GPP accesses, there is a PDN disconnection for an APN associated to a wild card APN,  not linked to a hand over and being the last one associated to the APN. To note TS 29.002 is also impacted. 

For both alternatives, these stage 3 corrections should be conditioned by stage 2 CRs in T 23.401, TS 23.060, TS 23.402. 
