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1
Introduction

An unsolved interaction between the extended buffering for HLcom and data forwarding in TAU with S-GW change and the Pause of charging feature has been identified. This was already discussed in SA2 #123 on CRs S2-177931, S2-177490, S2-177491. There were no arguments against the technical implementation of the CRs, but some companies were not convinced that the problem exists, which led to the three CRs being postponed in SA2 #123. The originators believe that the problem is still there, and this document analyses the technical requirements that lead to the problem scenario. 
The discussion part below quotes the specification references that lead to this conflict situation even though it is (incorrectly!) omitted from the call flow diagram step 15. 
2
Discussion

2.1
Problem analysis

The interaction between the two different features can only occur during TAU with S-GW change and data forwarding, which is shown in TS 23.401 clause 5.3.3.1A The key point in the procedure is the bearer modification procedure from the old MME/SGSN to the old S-GW shown below. It is the intention of this call flow that the Modify Bearer Request received by the S-GW in the (first) step 15 should not in this case trigger any bearer modification towards the P-GW. But the current S-GW processing rules make such bearer modification unavoidable, even though it is not shown in this diagram. So while we in SA2 have drawn the call flow in clause 5.3.3.1A the way we wish it should be, we have failed to update the S-GW Modify Bearer Request processing conditions accordingly: 
5.3.3.1A
Tracking Area Update procedure with Serving GW change and data forwarding
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When the old S-GW receives the Modify Bearer Request in step 15, it cannot know that S-GW change is taking place and that it has become the "old S-GW". The reason to this is explained in TS 29.274, which is the CT4 stage 3 document that specifies the bearer context to be modified in Table 7.2.7-2. Instead of copying the whole table here, we only show the Note 6, that explains the re-use of the normal packet forwarding with minimum impact on the old S-GW. This note on the S-GW just forwarding the packets to the new address without being aware of the ongoing inter-S-GW TAU is normative, as it is part of a normative table:
	NOTE 6:
During a TAU/RAU with SGW change procedure and data forwarding of DL data buffered in the old SGW (see subclause 5.3.3.1A of 3GPP TS 23.401 [3]), the old MME/SGSN shall provide the old SGW with the Forwarding F-TEID received in the Context Acknowledge message (or in the SGSN Context Acknowledge message when a Gn/Gp SGSN is involved) and encode it as either an eNB F-TEID (for an old MME), or an S12 RNC F-TEID or S4-U SGSN F-TEID (for an old SGSN), regardless the interface type set in the F-TEID received from the new MME/SGSN. This is to make the downlink data forwarding appear as a regular downlink data transmission for the old SGW, i.e. like a Service Request procedure.



Conclusion 1: The old S-GW will continue packet forwarding to the given S1 destination without knowing whether the destination is eNB or the new S-GW. This is the natural consequence of re-using the already existing S1 procedure for the packet forwarding between the old and the new S-GW. 

Since the data forwarding will look like the normal data transmission following Service Request procedure, let's look next how the TS 23.401 specifies it in clause 5.3.4.1. Again, the interesting step in the call flow at bearer modification is highlighted:
5.3.4.1
UE triggered Service Request
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To the old S-GW the step 8 looks just like bearer modification for path switch, and as shown, the steps 9 and 11 are conditional. These steps depend on explicitly specified conditions, under which the S-GW shall initiate a Modify Bearer Request towards the P-GW. These conditions are shown in the same clause 5.3.4.1 in step 9 as follows: 
9.
If the RAT Type has changed compared to the last reported RAT Type or if the UE's Location and/or Info IEs and/or UE Time Zone and/or if ISR is not activated and Serving Network id and/or the indication UE available for end to end signalling are present in step 8, the Serving GW shall send the Modify Bearer Request message (RAT Type, MO Exception data counter) per PDN connection to the PDN GW. User Location Information IE and/or User CSG Information IE and/or Serving Network IE and/or UE Time Zone and/or the indication UE available for end to end signalling are also included if they are present in step 8.


If the Modify Bearer Request message is not sent because of above reasons and the PDN GW charging is paused, then the SGW shall send a Modify Bearer Request message with PDN Charging Pause Stop Indication to inform the PDN GW that the charging is no longer paused. Other IEs are not included in this message.


If the Modify Bearer Request message is not sent because of above reasons but the MME indicated the MO Exception data counter, then the Serving Gateway should notify the PDN GW that this RRC establishment cause has been used by the MO Exception Data Counter (see TS 29.274 [43]). The Serving GW indicates each use of this RRC establishment cause by the related counter on its CDR.

If the charging has been paused when the TAU with S-GW change takes place, then the above highlighted condition in the S-GW processing rules of the step 9 mandate the S-GW to initiate bearer modification towards the P-GW in order to un-pause charging. Due to this, the conditional signalling steps 9 and 11 will be executed after step 15 in clause 5.3.3.1A if pause of charging applies.
Conclusion 2: The call flow 5.3.3.1A is wishful thinking that shows the call flow that we would like to see for the correct operation. Unfortunately, the call flow in clause 5.3.3.1A is not complete, as it fails to reflect all the S-GW processing rules outside of that call flow. If both data forwarding and pause of charging apply, then the S-GW in the case of the clause 5.3.3.1A call flow shall send the Modify Bearer Request towards the P-GW, which causes an error case in the P-GW. 
2.2
Consequences if we do nothing

If pause of charging applies (or the UE is performing TAU over new RAT), then according to clause 5.3.4.1, the S-GW shall initiate bearer modification procedure towards the P-GW in step 15 of call flow 5.3.3.1A. This bearer modification from the old S-GW causes an error case in the P-GW, which already sees the new S-GW along the data path at this point. 

The P-GW does not need this additional Modify Bearer Request from the old S-GW in order to un-pause, as the previous bearer modification to insert the new S-GW on the path has un-paused charging already. There is a P-GW requirement in TS 23.401 clause 5.3.6A to un-pause charging unless it is explicitly requested to be paused:

"When the PDN GW receives a Modify Bearer Request for a PDN connection for which charging has been stopped previously and, if the Modify Bearer Request contains a "PDN Charging Pause Stop" Indication or does not contain a "PDN Charging Pause Start" Indication, then the PDN GW shall continue charging for the PDN connection"
So the P-GW does not need this superfluous Modify Bearer Request, but it would need some processing rules to handle it, or preferably, the sending of the message should be suppressed at the S-GW. TS 23.401 clause 5.3.4.1 Step 9 requires that when the S-GW sends the Modify Bearer Request to P-GW in order to resume charging that has been paused, the S-GW shall not include any other IEs in this message. This means that the additional Modify Bearer Request will be sent by the old S-GW, but it will not break the already existing association between the P-GW and the new S-GW. However, the P-GW will receive an unexpected Modify Bearer Request from the old S-GW, and needs to deal with it somehow, unless we can prevent the sending of that request. 

In the call flow step where the P-GW receives the Modify Bearer Request from the old S-GW (to un-pause charging), the P-GW has already received Modify Bearer Request from new SGW (step 8 in 5.3.3.1A of 23.401), thus the P-GW will reject the message from the old S-GW as invalid. This leads to useless signalling exchange due to error handling of a bearer modification procedure that is not needed for pause of charging any longer. 
2.3
Identified candidate solutions

The following candidate solutions have been identified by the originators: 
1. Let the MME inform the old S-GW that it needs to make an exception to its mandate to send Modify Bearer Request towards the P-GW in clause 5.3.3.1A step 15

2. Make the data forwarding procedure look like S1 handover for the S-GW/P-GW, where Create Session Request is first initiated towards new S-GW, then indirect data forwarding tunnel is created from old S-GW to new S-GW to forward the buffered DL data from old S-GW, and finally the Modify Bearer Request is sent to new S-GW and P-GW. 
3. Inhibit the use of both pause of charging and S-GW – S-GW data forwarding at the same time (independently of each other both work fine)
4. Do nothing, and let the P-GW error handling reject the unnecessary Modify Bearer Request from the old S-GW.

Among these alternatives, option 1 is seen the most efficient, as it can allow the concurrent use of data forwarding and pause of charging with smaller change than option 2. The originators advise against option 3, that does not allow concurrent use of extended buffering (with possible data forwarding) and pause of charging and against option 4, which does not solve the problem. 
3
Proposal
The SA2 #123 is requested to evaluate the problem statement and to agree whether the error case exists or not. 
The originators believe that as demonstrated above in clause 2, the problem scenario is a rare one, but it is possible, and we have provided the corresponding CRs assuming a simple correction according to the principle in option 1 can be done from the Rel-15 onwards. The principle of the proposed correction is that the MME that is aware of the TAU procedure with data forwarding can request the old S-GW to override its mandate specified in 23.401 clause 5.3.4.1 step 9, and to suppress the bearer modification towards the P-GW when requested by the MME. 
        ?
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