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Abstract of the contribution: This paper intends to propose a solution to use the LHN id in connected mode mobility procedures and remove the FFS “how to use the LHN-ID to handle the connected mode mobility.” 
Discussion

According to TR 23.859 sec 5.2.3.3, the LHN id can be used to decide the LIPA mobility area. In idle mode mobility procedures, the MME/SGSN can make use of the LHN id reported by H(e)NB (e.g. in Initial UE message or UL NAS Transport) to decide whether the UE moves out of the LHN where LIPA is activated. In connected mode mobility procedures, the MME/SGSN can make the decision only when it has the knowledge of the LHN ids of both the source and target sides, or be aware that there’s no LHN id of the target side (e.g. macro eNB). However, there’s no mechanism to let MME/SGSN get this information, especially the LHN id of the target side.

Moreover, in X2 handover procedures the MME will not be informed until UE has handovered to the target side. Therefore, solutions should be developed for X2 handover. We propose the following solution to apply LHN id in connected mode mobility procedures.

I. X2 handover. 

Because MME can only be informed of the handover procedure after the UE has handover to the target side, it’s natural for the RAN node to take the responsibility for decision. There’re two alternatives:

Alt1. Exchange LHN id during X2 setup. 
The HeNB can include its LHN id in X2 Setup message, thus every HeNB in an LHN can maintain a table recording the LHN ids of other HeNBs with which it has X2 connection. The mapping relationship between LHN id and CGI may also be included in the table, but this does not exclude entries that have no LHN id corresponding to a CGI because of a legacy HeNB or a R11 HeNB not supporting LIPA. Either the source or the target HeNB can make use of this table in different ways: 

a） Source based. In handover preparation phase, the source HeNB compares the LHN id of the target with the LHN id of its own, if they’re not the same or if the target does not have a LHN id, then source HeNB does not send LIPA bearers to the target side. According to the present X2 handover procedure, the target RAN node will send Path Switch Request message to the MME with EPS Bearers to be Switched IE included, and all bearers that are not included in this IE, including the LIPA bearer(s), will be released by MME in subsequent steps.

b） Target based. If target HeNB receives LIPA bearers in a HO Request message (marked by correlation id), then it retrieves the LHN id of the source by looking into the table using the CGI of the source. If the LHN id is different, then the target HeNB treats LIPA bearers as bearers not accepted.

Alt2. Include the LHN id in HO Request message. 
The source HeNB includes its LHN id in HO Request, the target HeNB compares the received LHN id with its own, if they’re not the same, then the target node treats LIPA bearers as non-accepted bearers.

NOTE 1: It’s FFS how the target based alternatives (i.e. Alt1-b and Alt2) work if the target HeNB is a legacy node.

NOTE 2: Since up till now X2 interface is only deployed between HeNBs within the same CSG, so there’s no need for the CN to perform access control based on CSG subscription. It’s FFS how access control based on CSG subscription is performed when X2 interface can be established between HeNBs of different CSGs in the same LHN.

II. S1 Handover

In S1 handover, the source and target RAN node may not be able to exchange LHN id information (if any) due to, e.g. lack of IP connection, so it could be MME/SGSN or the target RAN node to decide whether UE has moved out of the LHN. According to TR 23.859 sec 5.2.3.3, MME/SGSN has already been aware of the LHN id of the source H(e)NB as a part of UE context, if MME/SGSN can retrieve the LHN id of the target side, e.g. through pre-configuration, MME/SGSN can use it to handle LIPA bearer(s). If MME/SGSN can not get the knowledge of the LHN id information of target side, it can send the LHN id of the source to the target side, then the target RAN node take the responsibility to decide whether LIPA connection could be maintained. More details can be referred to key issue #L4: LIPA Deactivation.
Proposal

According to the above discussion, we propose to add a solution for LHN id use in connected mode mobility scenarios:
******************************* Begin of Change *******************************
5.2.3.3
Option 2: using the LHN-ID for architecture solution 1 (Stand-alone logical L-GW)

5.2.3.3.1
General

The LHN ID is configured locally in each H(e)NB of the LHN. To make sure that a LHN ID is not used by several LHNs, and because this concept is independent from the CSG concept, a solution could be to identify a LHN uniquely in a PLMN-ID as it is done for an eNB (Global eNB ID is defined in a PLMN). The H(e)NB(s) in the same LHN shall have the same LHN-ID.

NOTE 1:
If the DNS method is used to support the L-GW selection, the LHN ID is also configured in each L-GW of the LHN.

The HeNB includes the LHN-ID to the MME in every INITIAL UE MESSAGE and every UPLINK NAS TRANSPORT message.

The HNB includes the LHN-ID to the SGSN in every INITIAL UE MESSAGE and every UTRAN Originated DIRECT TRANSFER control message.

NOTE 2:
This can be used as an indicator that the H(e)NB supports LIPA mobility among the same LHN.

5.2.3.3.2
LIPA PDN connection management

If the PDN connection(s) for LIPA are activated, the MME/SGSN records the LHN-ID reported by the H(e)NB. It will be stored in the UE's MM context. When the last LIPA PDN connection for the UE is deactivated, MME/SGSN should delete it from the UE's MM context. For one UE, only one LHN-ID is stored on the MME/SGSN.

Idle mode mobility procedure

For the Service Request procedure, MME/SGSN checks whether the cell the UE accessed reports the same LHN-ID compared to the stored LHN-ID. If not, all the LIPA PDN connections shall be deactivated.

For the intra CN node RAU/TAU procedure, if the MME/SGSN receives the TAU/RAU request from the H(e)NB and the LHN-ID is different compared to the stored LHN-ID or no LHN-ID is received, the MME/SGSN shall delete all the LIPA PDN connections.

For the inter CN node RAU/TAU procedure, it is assumed that there are no inter-CN entity mobility when the UE moves between H(e)NBs in the same LHN. Based on that assumption, if the MME/SGSN receives the RAU/TAU request from other MME/SGSN entity, it shall delete all the LIPA PDN connections.

NOTE 1:
The H(e)NBs in the same LHN are always in the same SGSN/MME pool.

NOTE 2:
If the inter-CN mobility needs to be supported, e.g. HNB and HeNB can coexist in one LHN, the source MME/SGSN checks the received LHN-ID included in the Context Req to decide whether the LIPA PDN connection can be sent to the new CN node.

Connected mode mobility procedure

I. X2 handover. 

For X2 handover, there’re two alternatives:

Alt1. Exchange LHN id during X2 setup. 
The HeNB includes its LHN id in the X2 Setup message, thus every HeNB in an LHN can maintain a table recording the LHN ids of other HeNBs with which it has X2 connection. The mapping relationship between LHN id and CGI may also be included in the table, but this does not exclude entries that have no LHN id corresponding to a CGI because of a legacy HeNB or a R11 HeNB not supporting LIPA. Either the source or the target HeNB can make use of this table: 

· Source based. In handover preparation phase, the source HeNB compares the LHN id of the target with the LHN id of its own, if they’re not the same or if the target does not have a LHN id, then source HeNB does not send LIPA bearers to the target side. According to the present X2 handover procedure, the target RAN node will send Path Switch Request message to the MME with EPS Bearers to be Switched IE included, and all bearers that are not indicated in this IE, including the LIPA bearer(s), will be released by MME in subsequent steps.

· Target based. If target HeNB receives LIPA bearers in a HO Request message (marked by correlation id), then it retrieves the LHN id of the source by looking into the table using the CGI of the source. If the LHN id is different, then the target HeNB treats LIPA bearers as bearers not accepted.
Alt 2. Include the LHN id in HO Request message. 

The source HeNB includes its LHN id in HO Request, the target HeNB compares the received LHN id with its own, if they’re not the same, then the target treats LIPA bearers as non-accepted bearers.

NOTE 1: It’s FFS how do the target based alternatives (i.e. Alt1-b and Alt2) work if the target HeNB is a legacy node.

NOTE 2: Since up till now X2 interface is only deployed between HeNBs within the same CSG, so there’s no need for the CN to perform access control based on CSG subscription. It’s FFS how access control based on CSG subscription is performed when X2 interface can be established between HeNBs of different CSGs in the same LHN.

II. S1 Handover

In S1 handover, the source and target RAN node may not be able to exchange LHN id information (if any) due to, e.g. lack of IP connection, so it could be MME/SGSN or the target RAN node to decide whether UE has moved out of the LHN. According to TR 23.859 sec 5.2.3.3, MME/SGSN has already been aware of the LHN id of the source H(e)NB as part of UE context, if MME/SGSN can retrieve the LHN id of the target side, e.g. through pre-configuration, MME/SGSN can use it to decide LIPA mobility area. If MME/SGSN can not get the knowledge of the LHN id information of target side, it can send the LHN id of the source to the target side, then the target RAN node take the responsibility to decide whether LIPA connection could be maintained. More details can be referred to TR 23.859 key issue #L4: LIPA Deactivation.
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