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Abstract of the contribution: This paper proposes to allow the MME to inform the PDN GW of the change of pseudo RAT type.
1. Introduction
When the RAT type is changed during handover or Tracking Area Update, the PDN GW is informed of change of RAT type, e.g. for the charging purpose. This paper shows an example where the PDN GW needs to be informed of change of RAT type during inter-eNB active handover although RAT type is preserved during inter-eNB handover.
2. Discussion

2.1 Brief introduction of Home NodeB.

As the interest in the Home NodeB for LTE and 3G in the industry is increasing, standardization on HNB is under its way since 2006.
LTE HNB can be deployed in LTE coverage or an area where there is no LTE coverage. Users are roaming freely, which means that for instance users in HNB cam move to LTE macro cell, 3GPP system cell or directly to another HNB. 

HNB gives many chances to operators and customers. For instance, in operators' point of view, HNB is a promising solution for enabling better coverage and creating new services. In customer's point of view, with HNB a customer can enjoy high-speed data service without worries about the dreadful bill.
LTE Home NodeB(LTE HNB) is currently under study in the RAN2, RAN3 and SA5 and discussions on eUTRAN architecture and interface aspects are described in RAN3 internal technical report, 3GPP TR R3.020. For mobility support in LTE_ACTIVE, it was agreed in RAN3 that handovers from LTE HNB to macro eNB (i.e. to the overlaying macro eNB) shall be supported. Opposite direction is still FFS.

2.2
QoS upgrade/degrade

One of fascinating features of the Home NodeB is the faster access to the wireless network in the specific area. When the UE is attached to the Home NodeB in the office area or private area, the UE can utilise most of radio resource for his/her own sake. Let's say that the user leaves the Home NodeB coverage and enters to the macro eNodeB coverage, the macro eNodeB hardly accepts the requested resource from the Home NodeB and ongoing call/service would be dropped or would suffer from high data loss rate without adjustment of QoS. Similarly if the user enters into the Home NodeB coverage, the Home NodeB will provide the same quality of service to the UE as in the coverage of the macro eNodeB since QoS update procedure hasn't occurred after the handover to the Home NodeB. User has to re-connect to the service if he wants to use higher quality of service via HNB. Therefore QoS adjustment during inter-eNB handover should be supported.
2.3
Pseudo RAT type change notification

As discussed in previous section, a trigger for PCC interaction during the inter eNB handover is necessary. If we consider change from/to the Home NodeB as a RAT type change and define new RAT type for home NodeB access, namely home E-UTRAN, the PDN GW can be informed of handover to/from the home NodeB and PCC procedure for QoS adjustment will be triggered by this RAT type change (e.g. E-UTRAN to/from home E-UTRAN). Since it is expected that the MME has the Home NodeB information from self-configuration procedure, the MME can set the RAT type and notify the PDN GW via Serving GW when the UE moves from/to the Home NodeB.
3. Proposal
It is proposed to agree on the following change to TS 23.401.
*** Fist Change ***
5.3.10
Different types of eNodeB
In LTE access system, there are different types of eNodeB, such as macro eNodeB and Home NodeB. The EPS shall be able to tell the different types of eNodeB apart.
Foe Home NodeB, the MME sets RAT type to different value to one for the macro eNodeB so that the EPS is aware of location change from/to Home NodeB.

*** End of Change ***

*** Second Change ***

5.5
Handover

<This section describes the functionality and signalling flows for intra and inter-RAT handover etc. Handovers between IPv4 and IPv6 can be documented here. For intra-EUTRAN handover it is FFS how this section relates to the RAN 3 TS. >

5.5.1
Inter eNodeB handover with CN node relocation

The inter eNodeB handover with CN node relocation procedure is used to relocate MME, Serving GW or both.  The procedure is initiated in the source eNodeB. The source MME selects the target MME. If the MME is not relocated, then Source and Target MME in the following message flows are considered to be the same node and all the signalling messages between them are internal functions within the MME. It is FFS which node decides if the Serving GW needs to be relocated. If the Serving GW needs to be relocated the target MME selects the target Serving GW, as specified in clause 4.3.7.2 on Serving GW selection function.

The source eNodeB decides which of the EPS bearers are subject for forwarding of packets from the source eNodeB to the target eNodeB. The EPC does not change the decisions taken by the RAN node. Packet forwarding can take place either directly from the source eNodeB to the target eNodeB, or indirectly (FFS) from the source eNodeB to the target eNodeB via the source and target Serving GWs (or if the Serving GW is not relocated, only the single Serving GW). 

Editor's note:
It is FFS if the indirect forwarding option needs to be defined. 

The availability of a direct forwarding path is determined in the source eNodeB and indicated to the source MME. If X2 connectivity is available between the source and target eNodeBs, a direct forwarding path is available.

If a direct forwarding path is not available, indirect forwarding may be used (FFS). The MMEs (source and target) use configuration data to determine whether indirect forwarding paths are to be established. Depending on configuration data, the source MME determines and indicates to the target MME whether indirect forwarding paths should be established. Based on this indication and on its configuration data, the target MME determines whether indirect forwarding paths are established.

[image: image1]
Figure 5.5.1-1: Title needed
1.
The source eNodeB decides to initiate an inter-eNodeB handover with CN node relocation to the target eNodeB. This can be triggered e.g. by no X2 connectivity to the target eNodeB, or by an error indication from the target eNodeB after an unsuccessful X2-based handover, or by dynamic information learnt by the source eNodeB. 

2.
The source eNodeB sends Relocation Required to the source MME. The source eNodeB indicates which bearers are subject to data forwarding. This message contains an indication whether direct forwarding is available from the source eNodeB to the target eNodeB. This indication from source eNodeB can be based on e.g. the presence of X2.

3.
The source MME selects the target MME as described in clause 4.3.7.3 on "MME Selection Function" and sends a Forward Relocation Request (MME UE context and includes the PDN GW addresses and TEIDs at the PDN GW(s) for uplink traffic and Serving GW addresses and TEIDs for uplink traffic) message to it. This message also includes an indication if direct forwarding is applied, or if indirect forwarding is going to be set up by the source side.

4.
The new MME verifies whether the old Serving GW can continue to serve the UE. If not, it selects a new Serving GW as described in clause 4.3.7.2 on "Serving GW Selection Function".  

If the old Serving GW continues to serve the UE, no message is sent in this step. In this case, the target Serving GW is identical to the source Serving GW.

If a new Serving GW is selected, the target MME sends a Create Bearer Request (bearer context(s) with PDN GW addresses and TEIDs for uplink traffic) message to the target Serving GW. The target Serving GW allocates the S-GW addresses and TEIDs for the uplink traffic on S1_U reference point (one TEID per bearer). The target Serving GW sends a Create Bearer Response (Serving GW addresses and uplink TEID(s) for user plane) message back to the target MME. 

5.
The Target MME sends Relocation Request (Serving GW addresses and uplink TEID(s) for user plane) message to the target eNodeB. This message creates the UE context in the target eNodeB, including information about the bearers, and the security context. The target eNodeB sends a Relocation Request Acknowledge message to the MME. This includes the addresses and TEIDs allocated at the target eNodeB for downlink traffic on S1_U reference point (one TEID per bearer). It is FFS if the TEIDs used for forwarding are different from the TEIDs used for downlink packets.
Editor's note: TEID used for forwarding and TEID used for downlink packets is FFS in RAN

6.
If indirect forwarding is used, the target MME sets up forwarding parameters in the target Serving GW. Indirect Forwarding is FFS
7.
The target MME sends a Forward Relocation Response message to the source MME. 

8.
If indirect forwarding is used, the source MME updates the source Serving GW about the tunnels used to the target serving GW. Indirect Forwarding is FFS
9.
The source MME sends a Relocation Command (target addresses and TEID(s) for data forwarding) message to the source eNodeB. 

10.
The Handover Command is sent to the UE. 

11.
The source eNodeB should start forwarding of downlink data from the source eNodeB towards the target eNodeB for bearers subject to data forwarding. This may be either direct or indirect forwarding. Indirect forwarding is FFS. 

12.
After the UE has successfully synchronized to the target cell, it sends a Handover Confirm message to the target eNodeB. Downlink packets forwarded from the source eNodeB can be sent to the UE. Also, uplink packets can be sent from the UE, which are forwarded to the target Serving GW and on to the PDN GW. 

13.
The target eNodeB sends a Relocation Complete message to the target MME. 

14.
The target MME sends a Forward Relocation Complete to the source MME. The source MME in response sends a Forward Relocation Complete Acknowledge to the target MME. 

15.
The target MME sends an Update Bearer Request (eNodeB addresses and TEIDs allocated at the target eNodeB for downlink traffic on S1_U) message to the target Serving GW. If the target MME determines that PCC interaction is necessary, the target MME adds RAT type to the parameter list in the Update Bearer Request message.
16.
If the Serving GW is relocated, the target Serving GW assigns addresses and TEIDs (one per bearer) for downlink traffic from the PDN GW. It sends an Update Bearer Request (Serving GW addresses for user plane and TEID(s), RAT type) message to the PDN GW(s). The RAT type can be used in the PDN GW as a trigger for PCC procedure or as a charging event. The PDN GW starts sending downlink packets to the target GW using the newly received address and TEIDs. These downlink packets will use the new downlink path via the target Serving GW to the target eNodeB. An Update Bearer Response message is sent back to the target serving GW. 
Unless the Serving GW is relocated or RAT type is specified in the Update Bearer Request from the MME, no message is sent in this step and downlink packets from the Serving-GW are immediately sent on to the target eNodeB.


It is FFS if the target eNodeB needs to take any action to avoid sending DL PDUs received from the Serving-GW to the UE before data received from the old eNodeB have been sent to the UE.
17.
The target Serving GW sends an Update Bearer Response message to the target MME. 

18.
On receiving the Forward Relocation Complete message, the MME sends a Release Resources message to the source eNodeB. When the Release Resources message has been received and there is no longer any need for the eNodeB to forward data, the Source eNodeB releases its resources. In case of intra-MME handover with Serving GW changed, the MME releases the resource in the source Serving GW by sending a Delete Bearer Request message to the source Serving GW.

19.
If the UE is handovered to a TA that it has not registered with the network, the UE sends a Tracking Area Update Request message, which arrives to the target MME.

NOTE:
As it is important that the HSS knows the identity of the serving MME, it is important that the RAN and source MME are configured correctly to ensure that a TA update occurs if the MME is relocated.

20.
The target MME may optionally authenticate the UE.

Editor's note: whether this step is optional needs confirmation from SA 3.

21.


a.
The target MME updates the HSS by sending an Update Location message

b.
The HSS sends a Cancel Location message to the source MME.

c.
The source MME sends a Cancel Location Ack message to the HSS. 

d.
After the HSS has received the Cancel Location Ack message, it sends an Update Location Ack to the target MME. 

Editor's note: it is FFS how the HSS ensures that the UE context received from the source MME in step 3 is still valid in the target MME.

e.
The source MME releases the bearer(s) in the source Serving GW by sending a Delete Bearer Request message. Note that if the Serving GW is not relocated, only the signalling relationship is released between the Serving GW and the source MME, but the UE context continues to exist in the Serving GW.

f.
The source Serving GW sends a Delete Bearer Response message to the source MME. 

22.
The target MME sends a Tracking Area Update Accept (S-TMSI) message to the UE. The S-TMSI is allocated by the target MME. 

23.
The UE acknowledges the new S-TMSI by sending a Tracking Area Update Complete message. 

*** End of Change ***

18c. Delete Bearer Response





18b. Delete Bearer Requests





8b. Update Bearer Response





8a. Update Bearer Request





6b. Update Bearer Response





6a. Update Bearer Request





Downlink data





16b. Update Bearer Response





22. TAU Accept





23. TAU Complete





21f. Delete Bearer Response





21e. Delete Bearer Request





21d. Update Location Ack





21c. Cancel Location Ack





21b. Cancel Location





21a. Update Location





20. Authentication





19. TAU Request





18a. Release Resources





14b. Forward Relocation Complete Acknowledge





14a. Forward Relocation Complete





13. Relocation Complete





Uplink data





Downlink data





12. Handover Confirm





11(a,b). Direct or indirect forwarding of data





10. Handover Command





9. Relocation Command





7. Forward Relocation Response





5b. Relocation Request Acknowledge





5a. Relocation Request





4b. Create Bearer Response





4a. Create Bearer Request





3. Forward Relocation Request





1. Decision to trigger a relocation via S1





Downlink data





2. Relocation Required





Downlink data





15. Update Bearer Request





17. Update Bearer Response





16a. Update Bearer Request





HSS





Detach from old cell and synchronize to new cell





Target eNodeB





Target Serving GW





Target MME





PDN GW





Source Serving GW





Source MME





Source eNodeB





UE





TAU procedure











3GPP

SA WG2 TD


