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1. Introduction
This disscussion paper provides comments to the arguments listed in C4-092376 on Partial Node Failure feature that was standardized in 3GPP TS 23.007 (stage 2), 3GPP TS 29.274 (stage 3) and 3GPP TS 29.275 (stage 3).  The intention of this paper is to provide written comments of Ericsson to these arguments so that the meeting time can be utilized better. 
This paper also proposes a solution alternative to the functional issues/concerns on the Partial Node Failure feature. 

Background: 

-
The requirements on Partial Node Failure feature have been in standards since December 2008.
-
Ericsson identified one use case (that is inter MME intra SGW mobility where old MME creates FQ-CSID but the new MME does not, and PGW stores MME FQ-CSID) that requires a functional fix. Ericsson proposed a solution in April 2009 (CT4 #43) meeting, unfortunately CT4 was not able to reach an agreement.

-
In June 2009 (CT4 #44) meeting, there were two proposals (one from Ericsson and one from Starent Networks) to fix the issue, CT4 was not able to reach a consensus on any of the proposals, either. 
2.  Discussion

In this clause some comments to the arguments listed in C4-092376 is provided.  The text in italic black font is copied from C4-092376, and the text in blue font is the comments.  
Argument 1:
"CT4 has specified an optional Partial Reset feature in 3GPP TS 23.007 (stage 2) and 3GPP TS 29.275 (stage 3). Current way of specifying this optional feature however is not quite consistent, because it imposes requirements also on the network elements that do not support the feature. For instance, GTPv2 spec reads:

· Delete PDN Connection Set Request message sent by MME shall be forwarded by the SGW to PGW. The message sent by the PGW shall be forwarded by SGW to MME.
That is, SGW that does not support the feature has to forward this feature-specific message to PGW or MME. Same applies to FQ-CSID IEs that are received by SGW in other messages. These do not comply with the agreed requirement that the feature shall be optional."
Comment 1:  
The requirements for the Partial Fault Handling function, including what part that is optional, were AGREED in CT4 after discussions spreadacross multiple meetings. The sample requirement quoted above from GTPv2 specification is in there since 2008 December (TS 29.274 v2.0.0).  The relevant Stage-2 requirement in 3GPP TS 23.007 is as quoted below:

" A node may choose not to generate CSIDs during a PDN connection establishment. However, all nodes (i.e., MME, SGW, and PGW) shall support the partial failure handling messages defined in 3GPP TS 29.274 [13] and 3GPP TS 29.275 [16]."
The only optional part of the Partial Fault Handling is the storage and creation of the FQ-CSIDs in the nodes.    
"1.1. Problem #1: Infringement of architectural requirements
Recently, CT4 identified a use case, which makes Partial Reset feature quite problematic for the whole network. For this scenario, assume that all the network elements support partial failure handling. If UE mobility triggers MME relocation without SGW change, 3GPP TS 23.401 requires that PGW shall not be updated. It is a fundamental stage 2 requirement that UE mobility shall be hidden from PGW. In the above case however, if PGW is not updated, then the following severe problem takes place:"
Comment 1.1-1:  It is not clear what is meant with the fundamental stage-2 requirement on hiding the UE mobility from PGW.   MME change is a network level event which is at the same level as an SGW change or an SGSN change event. Obviously the goal should be to avoid signalling when it is not needed. However there are already requirements in Stage-2, e.g. TS 23.401, to send S5/S8 Modify Bearer Request at RAT change and ULI change (if requested by the PGW). Such information is needed for Policy control, Charging, Legal Intercept, etc.
For the use case referred above, i.e. MME relocation without SGW change, and for some other mobility use cases in 3GPP TS 23.401, Ericsson is in the opinion that the usage of some IEs in the relevant signalling flows are incomplete and/or inconsistent for features such as APN Restriction and UE Location reporting functions to work. Considering 3GPP TS 23.401 is the first time released in Release-8, such ambiguities in the specification is understandable and hopefully they would be addressed by SA2 as issues come up. 
Note also that for the equivalent UE mobility in GERAN/UTRAN with EPC, i.e. S4-SGSN relocation without SGW change, there is always an S5/S8 Modify Bearer signalling as specified in TS 23.060 (Figure 33b in subclause 6.9.1.2.2a).  If there is such a Stage-2 requirement to hide some UE mobility from PGW, one may question why SA2 has missed applying such fundamental requirement in 3GPP TS 23.060. 
"
· Let's assume, MME-1 informs PGW to assign FQ-CSID=1 for PDN connections PC-1 and PC-2 corresponding to UE-1 and UE-2 respectively.

· UE-1 moves to MME-2 (i.e., MME relocation without SGW relocation). MME-2 sends Modify Bearer Request to SGW in which it includes the optional FQ-CSID=2 for UE-1’s PDN Connection PC-1. 
· SGW has no means to update PGW on this matter. In other words, MME change is not informed to the PGW; indeed, a PGW is unaware of MME in the first place. "
Comment 1.1-2:  The SGW is allowed to send a Modify Bearer Request to the PGW when location reporting is on.  Ericsson agrees in principle that such a Modify Bearer message should be sent only when PGW is interested in receiving it. 
"
· At some point, due to a partial failure, MME-1 sends Delete PDN Connection Set Request message to SGW requesting deletion of all context associated with FW-CSID=1. SGW forwards the message to PGW.

· PGW cannot know that UE-1 has moved away from MME-1 and deletes also healthy context for UE-1."
Comment 1.1-3:  This is the reason why the PGW does need to be notified when the PGW stores the FQ-CSIDs of the MME. If the PGW does not store FQ-CSID of MMEs, then the Modify Bearer signalling does not need to be triggered on S5/S8 for this mobility (inter-MME intra-SGW TAU/HO). Ericsson is quite willing to avoid this signalling as an optimization. 
 "1.2 Problem #2: Mixed-mode deployment
The current specification 23.007 and 29.274 does not scope the problem clearly. Specifically, mixed-mode deployments in which some nodes within a PLMN support the feature whereas others don’t are allowed. In the example above, MME-1 may support the feature whereas MME-2 may not. Similarly, SGW may not support the feature, yet it is required to forward the Delete PDN Connection Set Request/Response messages as well as any message containing the FQ-CSID IE. This leads to complicated requirements on nodes which do not support the feature but are required to process the messages and IEs and anyway. More importantly, such a mixed-mode deployment leads to unpredictable behaviour without additional protocol extensions that serve to complicate the GTPv2-C protocol and the overall system."
Comment 1.2-1:  Currently, there are no special requirements on MMEs and PGWs that do not support FQ-CSID storage when they receive the FQ-CSID IEs in traffic messages. 
The only requirement on SGWs in traffic messages that do not support FQ-CSID storage is to relay the FQ-CSID IEs received from S11 to S5/S8 and vice versa. Such relaying of IEs is very similar to the handling of some other IEs such as PCO (Protocol Configuration Option).  The only complication is that according to current TS 23.401 there is sometimes no S5/S8 signalling at inter-MME intra-SGW mobility; and this issue has nothing to do with mixed mode or non-mixed mode deployment but does have to do with the fact the PGW does not know an MME changed or not at inter-MME intra-SGW mobility.  

Please note that networks are likely to be upgraded incrementally so that not all nodes may support the feature at the same time.  Existing requirements allows maximum flexibility in deployments. The situation is no different than any other optional feature.

"1.3. Problem #3: Excessive signalling during the roaming
CT4 has identified also another problem with the feature:

· Let's say, HPLMN operator does not wish to deploy the feature.
· A customer roams to a VPLMN that deploys the feature.

· VPLMN SGW keeps sending messages containing the FQ-CSID to HPLMN PGW, which is a useless waste of bandwidth.

· As long as Problem #2 needs to be solved, HPLM PGW will be receiving updates on UE mobility form VPLMN SGW.
Problem #3 will be becoming even more severe during the national roaming, which is much more frequent, than the international one."
Comment 1.3-1:  Ericsson agrees that this should be optimized.  If a PGW does not store FQ-CSID then there is no point in sending a Modify Bearer Request on S5/S8 at inter-MME intra-SGW TAU/HO mobility. Also there is no point in sending Delete PDN Connection Set Request to a PGW.  Note that this should apply not only to roaming but also to non-roaming case. 
"2. Possible solutions
The above problems may be solved in two different ways:
1. Making the feature fully optional and ensuring that during the roaming a HPLM won't suffer from unwanted excessive signalling."
Comment 2-1:  Today there is NO requirement for handling on the MME and PGW except to ignore an IE during traffic handling.  So the feature is already 100% optional on the MME and PGW. The only requirement on the SGW during traffic handling is for the SGW to relay the FQ-CSID IE.  As indicated above, this is no different that SGW forwarding IEs such as PCO, UE Time Zone, etc.
"
2. Removing the feature from Rel-8 altogether.

If the feature is made fully optional, the following solution may be considered:

· Operator that wishes to deploy the feature shall order the feature support for all EPC nodes (MME, SGW and PGW) in the own network. That is, if they have even one EPC nodes that does not support the feature, then the operator shall be aware that the system will malfunction. Furthermore, the operators shall also be aware that MME relocation needs to be propagated to the PGW upon every UE handover; indeed, every per-PDN message (Modify Bearer Request) on S11 needs to be sent on S5/S8 interface to the PGW. "
Comment 2-2: 
Ericsson is in the opinion that the function will always work within a mixed network so long as the Modify Bearer on S5/S8 for the intra SGW inter MME case is sent with indication of an MME change and Ericsson has provided such CRs in the past and again in this meeting. Having said that, Ericsson does agree that this "extra" Modify signalling to the PGW could be eliminated if it does not need it (i.e. does not store MME FQ-CSID).   
Furthermore it is NOT true that every per-PDN message (Modify Bearer Request) on S11 needs to be sent on S5/S8 interface to the PGW, for example Service Requests do NOT trigger an S5/S8 message, neither does intra MME intra SGW mobility. We only need S5/S8 messages when MME changes, SGW changes or a PDN connection is established.  All such use cases already have the needed an S5/S8 message except for inter MME intra SGW case where there MAY be a need for an "extra" S5/S8 message when the PGW supports the storage of MME FQ-CSID. We, Ericsson, are quite willing to optimize that away if the PGW does not need it (see Comment 2-3). 
"

· When a PLMN does support the optional feature, in order to eliminate unwanted signalling for roaming cases, SGW shall not send any feature related messages or IEs to PGW that does not indicate the feature support. This can be accomplished by a new requirement, that if PGW does not return FQ-CSID to SGW, this shall be an instruction to the SGW not to send or forward to PGW anything that is feature specific. "
Comment 2-3: Ericsson agrees that a flag should be added.  Our preference is the PGW to indicate to the SGW if the "extra" Modify Bearer needs to be sent at inter-MME intra-SGW mobility.  I.e. the Create Session Response or Modify Bearer Response (at SGW change) on S5/S8 can include a flag in the Indication IE.  If the flag is set then the PGW wants the SGW to send Modify Bearer Request at inter-MME intra-SGW mobility; otherwise the SGW does NOT send the "extra" Modify Bearer Request at inter-MME intra-SGW mobility. A PGW that stores MME FQ-CSID sets the flag to 'true' otherwise it sets it to 'false'. This eliminates any "extra" signalling that is not needed.  Ericsson submitted a proposal in line with this approach, see C4-092280.
Regarding the proposal of using the FQ-CSID from the PGW as a "flag" to indicate the PGW will store the MME's FQ-CSID. We are open to discuss this option as a possibility as the "flag". 
3. Conclusion
Ericsson is in the technical opinion that the current requirements on the Partial Node Failure function will always work in a mixed-mode deployment so long as the Modify Bearer on S5/S8 for the intra SGW inter MME case is sent with indication of an MME change or an MME FQ-CSID. To the best of our knowledge there has not been any use case that has been identified as not working when that condition is met. Having said that, Ericsson agrees that any "extra" S5/S8 Modify signalling for the intra SGW inter MME case could be eliminated to the PGW if the PGW does not store the MME FQ-CSID.  Ericsson has submitted the following contributions to address these issues:  C4-092280 and C4-092285.

Obviously, if the deployment of the function is limited such that all MMEs, SGWs, PGWs in a gegraphical area or a PLMN to support the function, there will be no need for MME change indication type flag to the PGW. In this case the operators will get the full benefit of the function. However, this approach (i.e. mandating all MMEs, SGWs, PGWs in a geographical area to support the function) will prevent the operators still benefit from the function while some vendors support storage and creation of FQ-CSIDs while others do not.  It should also be remembered that networks are likely to be upgraded incrementally so that not all nodes may support the feature at the same time.  Furthermore, for S8 case this is an inter PLMN case so mixed deployments will always exist and cannot simply be configured away since the UE can return or leave its home PLMN during the lifetime of the PDN session.
