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1 Introduction

In RAN3#57bis it was proposed to utilize superior advantages of the plain X2 based intra LTE handover also for the case of S1 initiated intra LTE handovers, if a X2 interface is available[2]
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[3]. This was set to ‘ffs’ to allow further discussions [1].
2 Discussion
There are several scenarios where the intra LTE HO has to be initiated via the S1 interface, e.g. when EPC nodes have to be triggered to change the S‑GW. Nevertheless, an X2 interface may be configured and in this cases it is possible to utilize some of the improvements of the plain X2 based handover for the S1 initiated HO intra LTE HO too. In principle, due to availability of the X2 interface the same quality as for the plain X2 initiated HO shall be the target. This can be reached by the following measures:

a. Establishing separate tunnels for DL and UL data tunnels to forward the packets, according to agreements in [1] for data forwarding in the case of X2 HO. 

b. Also, the same new X2AP message is sent from source to target eNode B that was agreed in RAN3#57 meeting for the plain X2 HO in order to ‘convey the UL PDCP SN(s)’ and the ‘next PDCP SN the target should use when assigning PDCP SN to SDUs not yet having an SN’ (see message flow in section 6).

c. For (a.) the destination information of both tunnels must be sent to the source eNode B. The source eNodeB must also be informed about the ‘communication context identifier’ that the target eNode B has to assign in order to receive the X2-C-Plane message from (b.). These information must be conveyed via S1AP ‘Relocation Request Acknowledge’ and S1AP ‘Relocation Command’. UL and DL data packets are then forwarded like in the plain X2 HO case [1].

3 Proposal

In the case that a X2 interface exists it is proposed to apply the means providing an optimized Intra-LTE HO in the case of the plain X2 HO also for the case of the S1 initiated variant. For that purpose it is proposed to agree on the measures ‘a.’ to ‘c.’ of 2.

The message flows in section 6 discusses changes to stage 2 (TS 23.401) and contain more details on the HO types that are handled by this contribution. It is proposed to inform SA2 and CT4 (cc: RAN2) about the agreed schemes and the message flows shown in section 6.

4 References

[1] R3-072017
Agreements and open issues on SN during data forwarding; Ericsson; RAN3#57bis; Agreed by e-mail

[2] R3-071911
Forwarding scheme for S1 initiated Intra-LTE HO and Inter-RAT HO; Nokia Siemens Networks; RAN3#57bis; Noted

[3] R3-071912
Proposed stage 2 changes to capture the forwarding scheme for S1 initiated Intra-LTE HO and Inter-RAT HO; Nokia Siemens Networks; Not treated

5 Changes to 23.401

5.1 General

The following adaptations have been performed:

Changes to section 5.5.1 (Inter eNodeB handover with CN node relocation)

Note: 23.401 V1.3.0 (10/2007) was taken as a source.

a.
23.401 distinguishes between direct and indirect forwarding, assuming that direct forwarding utilises existing X2 connectivity, whereas indirect forwarding data path is routed via the CN, the respective FFSs and Notes for indirect forwarding have been removed (in all subsequent chapters as well) in order to confirm RAN3 understanding, that indirect forwarding needs to be applied in case no X2 connectivity is available.

b.
SA2 assumes the necessity to indicate to the CN whether direct or indirect forwarding needs to be applied. Our understanding is that the CN should be able to perform a check beforehand whether an indirect route is available. The way how the CN is informed about the necessity of indirect forwarding could follow SA2 suggestion, to indicate from the source eNodeB whether direct X2 connetivity is available along with information which bearers are subject for data forwarding.

c.
in step 5, there is an FFS, whether different TEIDs are provided by the target eNodeB for normal DL and forwarding traffic. To our understanding, those TEIDs should be able to be different, at least the protocol should foresee the possibility to make them different. The description is kept general, leaving (further) details for stage 3.

d.
The FFS in step 16 needs to be resolved during the ongoing meeting and is related to the “end marker packet”. This step might also cover other UP solution details for handling S1 and X2 streams in the target eNodeB.


Comments to section 5.5.2.1 (E-UTRAN to UTRAN Iu mode Inter RAT handover based on PS handover)

This section covers quite well the level of detail required for stage 2. Only some comments, which could be raised towards SA2

a.
In step 3 of the preparation phase subsection, it is said that a “direct forwarding flag” is set by the source MME, which seems to be illogical, unless “direct fowarding” applies to direct routing between S-GW and target SGSN. So at least the term “direct forwarding” should be clarified in that context.

5.2 Actual changes

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. The MME should not be relocated during inter-eNB handover unless the UE leaves the MME Pool Area where the UE is served. 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 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).

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 shallbe used , if the CN is able to route the packets via the CN nodes. 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.
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Figure 5.5.1-1: Title needed
NOTE:
For a PMIP-based S5/S8, procedure steps (A) and (B) are defined in 3GPP TS 23.402 [2]. Steps 16 and 16a concern GTP based S5/S8
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). In case of bearers subject to data forwarding and direct forwarding, further address- and TEID information is provided. For indirect forwarding the TEIDs used for forwarding are different from the TEIDs used for downlink packets.

6.
If indirect forwarding is used, the target MME sets up forwarding parameters in the target Serving GW. 
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. 
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. In case of direct forwarding, forwarding of uplink data is performed as well, and in addition, PDCP status information is provided to the target eNodeB by the HO Status message. This may be either direct or indirect forwarding. 
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. 

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)) message to the PDN GW(s). 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. 

If the Serving GW is not relocated, 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. 

Editor's Note: It is FFS when the bearer(s) between Source MME and Serving GW shall be released if the Cancel Location message is not received.
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