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Abstract of the contribution: Provides the background and motivation for the solution of handling default bearer during HO from 2G/3G to LTE.
1. Discussion

In order to develop a solution for how to handle the question of default bearer on HO from 2G/3G, we first look at the definition of default bearer in Section 2, then in Section 3 consider the question of which nodes should keep track of whether a bearer is a default bearer to a PDN and why. Then in Section 4 we consider the question of whether a UE on HO from 2G/3G not have a default bearer in LTE and any possible ramifications. 

Then based on the above discussion, we propose a solution for setting up of default bearer on HO from 2G/3G. 
We are NOT changing the following two basic principles of LTE:

1. Attach is not successful if default bearer is not setup.

2. Once a default bearer is setup in LTE, it is not allowed to be taken down, unless the UE is disconnecting from the PDN.

The above two are valid principles we see no reason to change them. In fact there are several reasons to support these principles in LTE.

2. Background

Some bits to know:

1. On HO from 2G/3G, irrespective of whether a default bearer is setup for UE or not, both the eNB is provided UE-AMBR and PDN-GW provided APN-AMBR. Hence, the policing behaviour of eNB and PDN-GW for non-GBR traffic is unchanged irrespective of whether default bearer is setup or not when UE handovers from 2G/3G.
Definition/properties (and goals as sub-bullet) of default bearer:
1. Non-GBR bearer

· Easy to keep it “always-on” since it is non-GBR and hence little impact on admission control and typically not dropped during congestion.

2. QOS (QCI and ARP) matches that of the subscription information from the HSS

· Provides a bearer that the UE can use for all traffic based (“match all” TFT) on his basic subscription.
3. Must be established during attach

· UE does not have to explicitly request for IP-connectivity at attach, it is automatically setup for the UE.

4. Once established, the default bearer is not torn down unless UE disconnects from PDN.

· Removing default would result in UE not having a subscription based match-all bearer. This is part of the UE’s basic subscription and hence should not be removed. 
5. The SDF/TFT for default bearer is provided by PCRF if dynamic policy is deployed or via static policy in PDN-GW.
3. Who should know which bearer is the default one to the APN?

3.1 Should the UE know which bearer is default to an APN? Why?

One thing to keep in mind for LTE is that the UE CANNOT request for deletion of a bearer. The UE can request for deletion of resources, i.e SDFs, but not of a bearer. Hence, there is no danger that the UE will request for deletion of a default-bearer. 

In LTE UE has no choice of selecting which bearer to put particular SDF on. The PDN-GW provides this information to the UE. 
Even if a UE request for removal of the “default SDF”, the network can reject the request. Hence, we do not see any reason for the UE to know which bearer is default.

Proposition-1: UE does not know which bearer is the default bearer to an APN. 

3.2 Should the eNB know which bearer is default to an APN? Why?

Air interface is the weakest link and eNB is the node that may decide to pre-empt or not-admit bearers.
So it can make sense to let the eNB know which is the default bearer and which is not, to ensure that the eNB does not pre-empt a default bearer for the UE but drops another bearer which is not default. Typically an eNB will drop GBR bearers. For non-GBR bearers, the eNB may still drop these to provide statistical guarantees to traffic on non-GBR bearers. In case an eNB wants to drop a bearer, it has to use the MME Initiated Dedicated Bearer Deactivation (section 5.4.4.2). In such a case the request is forwarded via the MME to the PDN-GW. Either the MME or the PDN-GW can reject such a request with reason code “default bearer”. Hence, there is a way to stop the eNB from deleting a default bearer, even without the eNB explicity knowing which bearer is default. One can argue that if the eNB does know which bearer is default, it may not request for such a bearer to be deleted, in the first place. We do not believe this is a major concern.

More importantly, so far we have tried to keep the eNB agnostic of APNs. Since default bearers are per-APN, this would bring in APN-awareness into the eNB. This can complicate the eNB.
In case of radio problems, the RB corresponding to a default bearer may not be setup due to radio conditions. However, even if the eNB knew if the EPS bearer corresponding to the RB is default, the eNB could not do much about it.

Proposition-2: eNB does not know which bearer is thedefault bearer to an APN. 

3.3 Should the MME know which bearer is default to an APN? Why?

MME is the only node that gets the subscription information from the HSS. MME also stores the QoS parameters of each bearer that is setup for the UE (non-GBR: QCI, ARP; GBR: QCI, ARP, GBR, MBR). MME also stores UL-TFT for each bearer; however DL-TFT is only available for PMIP-S5. Since, the MME is the node in the network that gets the default Qos profile from the HSS, the MME can be the only one to initiate the setup of a default bearer. Hence, the MME can know from signalling which bearer is default. On MME-relocation, this information will have to be part of the context for the target MME to know which bearer is default.
If the MME knows which bearer is default, the MME can reject a request from eNB for bearer-deletion and not have the request go all the way to the PDN-GW.
Proposition-3: MME is aware and keeps track of which bearer is default bearer to an APN. 

3.4 Should the PDN-GW know which bearer is default to an APN? Why?
The PDN-GW does not have access to the HSS, so it cannot directly know the default bearer QoS profile from HSS. However, during attach, the PDN-GW can know which bearer it setup is default, since the request for default bearer is a different message than any other request for bearer-setup from the MME. 
The PDN-GW can delete bearers based on static policy or policy from the PCRF. The SDF to be used on the default bearer has to be provided by the PCRF. There does not seem to be any reason or trigger from the PCRF or static policy to delete a default bearer. However, a UE can request the deletion of default SDF. The PCRF can reject such a request even without the PDN-GW being aware that the SDF is applied to a default bearer.
Indication to request for default SDF to PCRF?: The question is how does the PCRF know to provide the SDF for default bearer to PDN-GW. Till now,  for LTE the default bearer is setup at IP-CAN session establishment. The “IP-CAN session establishment request” by the PDN-GW can be used as a cue to the PCRF to provide the SDF for the default bearer.  However, on HO from 2G/3G the default bearer may get setup later, with an “IP-CAN session modification request”. In order for the PCRF to figure out that the request is for setup of a default-bearer, there must be an indication from the PDN-GW to the PCRF in order for the PCRF to provide the PND-GW with the SDF to be used for the default bearer. Hence, the PDN-GW should be provided an indication from the MME that the request for setup of bearer is for the “default bearer”. This indication can in the form of a new message “create default bearer” or an indication in an already used message. The request for a default-bearer is different from other Qos requests, for example request by UE in the sense that no SDF is provided with the QoS request. Hence, the presence of a QOS parameter and no SDF can be used as an implicit indication that resource request is for setting up default bearer. Hence the PDN-GW knows if a request is for a default bearer and the PCRF can also know (due to absence of an SDF and presence of QoS).  
The summary of the previous paragraph is that the PDN-GW is aware when setting up a bearer whether the bearer it is setting up is a default bearer. However, it is not very clear to us the advantages for the PDN-GW to keep track of which bearer is default bearer.
Proposition-4: PDN-GW does not keep track of which bearer is default bearer to an APN. (Not that strong)
4. Is it possible for the UE not to have default bearer in LTE even for a short duration of time when it hands-over from 2G/3G to LTE?
This does not  in any way violate any of the goals of always-on IP connectivity for LTE when the concept of default bearer was created. However, the network should try to setup a default-bearer for the UE ASAP, since one of the goals for LTE is to provide the UE with a bearer it can use for all its “default-traffic”, i.e traffic which is not requiring specific qos treatment other than in his basic Qos profile.
UE-AMBR and APN-AMBR are provided to the eNB and to the PDN-GW before traffic starts on LTE using existing procedures in 23.401, even if a default bearer is not setup.
Proposition-5: A default bearer may not exist for the UE for a short duration when it hands over from 2G/3G.

5. How to setup the default bearer after HO from 2G/3G?
Few basics:
1. MME cannot decide which PDP-Contexts can map to default bearer: MME had one piece of the puzzle, the subscribed QoS profile, but not the other, the Default SDF which is either provided by the PCRF or in static policy in PDN-GW

2. PDN-GW cannot decide on which PDP-Context can be treated as default: The PDN-GW does not have the subscribed QoS profile.

3. Default bearer concept does not exist for 2G/3G, both for S4-SGSN and Gn/Gp SGSN.

Proposed procedure:

1. After HO, the MME sends a request for resources allocation with default bearer QoS but no SDF information.  Modification of the “UE requested resource allocation procedure” can be used where the lack of SDF signals to the PDN-GW that this is a request for default bearer and the qos provided is the default bearer QoS. 

2. The PDN-GW sends request to the PCRF. The existence of QoS parameters but lack of SDF is a signal to the PCRF to provide default SDF in the PCC rule. Two cases:

a. If the PCRF had already provided the default SDF in a previous PCC rule, the PCRF updates an existing PCC rule. In this case the PCRF may not even need to modify an existing bearer and sends back an error message to MME, stating “bearer already exists, bearer-id”. The MME then marks the existing default bearer-ID as default. If the PDN-GW needs to modify an existing EPS bearer, it does an PDN-GW initiated bearer modification procedure. The MME stores bearer being setup or modified as default bearer. 
b. If the PCRF needs to  provide the default SDF in a new PCC rule, the PCRF sends a new PCC rule to the PDN-GW. The PDN-GW then may either create a new bearer or modify an existing bearer.  The MME stores bearer being setup or modified as default bearer.

In summary either through static rules in the PDN-GW or via interaction with the PCRF, the PDN-GW does (i) sends error with “bearer already exists, bearer-id”, (ii) modifies and existing bearer, or (iii) creates a new bearer. In all three cases the MME keeps track of which bearer is the default bearer.

6. Conclusions:

Endorse the following:

Proposition-1: UE does not know which is default bearer to an APN. 

Proposition-2: eNB does not know which bearer is the default bearer to an APN. 

Proposition-3: MME is aware and keeps track of which bearer is default bearer to an APN. 

Proposition-4: PDN-GW does not keep track of which bearer is default bearer to an APN. (Not that strong)
Proposition-5: A default bearer may not exist for the UE for a short duration when it hands over from 2G/3G.

In addition, accept the proposed procedure in S2-085409. 
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