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Abstract of the contribution: Give the concrete call flow for the stand-alone logical L-GW solution.
1 Introduction
As one of the LIMONET solution Stand-alone logic L-GW solution has been proposed and described in TR23.859. However the related call flow is still missed in the TR. In this contribution we try to fix that and give a full picture of this solution.

2 Discussion
2.1 Architecture assumption for Stand-alone logical L-GW
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Before the concrete change several open issue need to be discussed first. It is assumed that same assumptions are taken for the GPRS architecture, i.e. Gn/Gp case. 
A) Whether the Sxx interface includes the control plane? The advantage to let Sxx support CP is that it can avoid the impact on the SGW. However it need introduce the GTP-C(V1/V2) protocol on the H(e)NB. Especially for the HNB it need aware the SGSN type and select the related GTP-C version. Also for each LIPA PDN connection the L-GW need manage and distinguish the two GTP-C tunnels. However the Sxx UP only solution reuse the existing GTP-C tunnel which avoids any additional management work. And the impact on the SGW can be minimized. It is proposed that Sxx is only used for user plane traffic and not for control signaling. 
B) QoS management issue. The data packet of LIPA PDN connection is conveyed on the Sxx interface and under the enterprise/home network, the related bearer QoS can not be managed or guaranteed by the mobile operator. Thus it makes no sense to do the QoS management for the LIPA bearer. It is proposed no QoS management for LIPA PDN connection. 
C) For the LIPA PDN connection the service continuity can only be supported in one LHN. In most of case for one UE the mobility in one LHN can be restricted in one CN node. The possible case for one UE need two CN nodes supported is the INTER-RAT case, i.e. the HNB and HeNB are deployed in the same LHN. However we think this usecase maybe a rare case (not clear why one enterprise need deploy different RAT type H(e)NB?). Also if this usecase does happen, the combine CN node option can also be considered, i.e. the mobility in one LHN can still be restricted in one CN node. Another possible usecase that one UE may need Inter CN mobility is the load rebalancing. For this case it may need operator to determine whether this case is really needed. 
It is proposed that the LIPA service continuity for the Inter-CN mobility is not supported. In this assumption the mobility between CN nodes is not forbidden. However if that happens the LIPA PDN connection will be deleted, i.e. LIPA PDN connection not need be transferred between CN nodes. 
For the following procedure description the term LGW refers to the PGW and the HeNB refers to the eNodeB shown in the figure. 

Also if the procedure is not explicitly mentioned, it is assumed that similar update for the UE access via the S4-SGSN and Gn/Gp SGSN case.
2.2 Connection management procedure  
Due to not QoS management for the LIPA bearer the interaction between PGW and PCRF on the following figure is not needed. 
2.2.1 LIPA PDN connection establishment
For the LIPA PDN connection established in the attach procedure, similar changes applied. 
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In comparison with the existing call flow, the following steps need be updated:
1.
If the HeNB supports the establishment of LIPA PDN connections to the standalone L-GW, it includes the LHN-ID in the S1-AP message.
Note 1: if the RAN based GW selection mechanism are adopted, the L-GW addresses also need be included.

2.
If the APN requested are authorized to establish LIPA PDN connection, the MME selects an L-GW based on the “key issue #L2: L-GW selection and addressing” and store the LHN-ID. 
5, 6,  In the Create Session Response message returned to MME, the L-GW provides the additional L-GW@LN address per bearer. The MME stores the received L-GW@LN address.
7. The MME send the Correlation ID per bearer to the HeNB. The Correlation ID is enhanced to include the L-GW@LN address. 
After step 7 the HeNB get the L-GW@LN address and TEID, it can establish the Sxx tunnel for the LIPA PDN connection (uplink direction) in parallel with the S1-U tunnel. For the non LIPA PDN connection HeNB send the packet via the S1-U tunnel. For the LIPA PDN connection, the HeNB send the packet via the Sxx tunnel. 
10.   In the Bearer Setup Response message the HeNB provides the additional HeNB@LN address per bearer to the MME, i.e. the HeNB@CN+HeNB@LN+TEID returned to MME.
14a/b.The MME provides the additional HeNB@LN address/TEID to the L-GW per bearer via the Change Notification Procedure.
After step 14 the L-GW gets the HeNB@LN address/TEID information, it can establish the Sxx tunnel for the LIPA PDN connection (downlink direction) in parallel with S5 tunnel to SGW. The L-GW now can send the packet to the HeNB directly via the Sxx tunnel. 
2.2.2 UE triggered Service Request procedure
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In comparison with the existing call flow, the following steps need be updated:
4. The MME sends the Correlation ID per bearer to the HeNB. The Correlation ID is enhanced to include the L-GW@LN address.
7.  In the Initial Context Setup Complete message the HeNB provides the additional HeNB@LN address per bearer to the MME.

13a/b. The MME provides the additional HeNB@LN address/TEID to the L-GW per bearer via the Change Notification Procedure.
2.2.3 Network triggered Service Request procedure
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In comparison with the existing call flow, except the step 5 need be updated as previous session description. Others are same as before.  
2.2.4 S1-Release procedure
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In comparison with the existing call flow, the following steps need be updated:
7a/b. The MME notifies the L-GW to release the HeNB@LN address/TEID from the UE’s bearer context. After that the Sxx tunnel is released. If the L-GW receives the data packet, the network triggered service request procedure will be triggered. 
2.3 Mobility management procedure  

2.3.1 Idle state mobility management procedure

For the idle state mobility the LHN-ID can help the MME to judge whether the LIPA PDN connection should be deleted. It can refer to TR23.859 “5.2.3.3.2. LIPA PDN connection management”.
2.3.2 Connected state mobility management procedure

For the connected state mobility management procedure two options can be considered, 

Option 1) MME decide whether the LIPA PDN connection can still be kept. 

Option 2) H(e)NB on the target side decide whether the LIPA PDN connection can still be kept. 

Option 1) MME control method 
In this option if the UE move to another new CN entity, i.e. another MME, the source MME delete the LIPA PDN connection. 
2.3.2.1 X2 based handover procedure
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Assumption: As the operator can controls whether the two HeNB are permitted to establish the X2 interface, it is assumed X2 handover only happened for the HeNB in the same LHN.
In comparison with the existing call flow, the following steps need be updated:
At the handover preparation procedure the source HeNB provides the additional L-GW@LN address/TEID information to the target HeNB. Based on that information the Target HeNB can establish the Sxx tunnel (local GTP-U tunnel) (uplink direction) to the L-GW based on that information. 
1. The target HeNB provides additional HeNB@LN address per LIPA bearer to the MME in the Path Switch Request message.

4a/b. The MME provides the additional HeNB@LN address/TEID to the L-GW per bearer via the Change Notification Procedure. 
After step 4a/b the related HeNB@LN address/TEID information stored on the L-GW UE’s Bearer Context has been updated. The L-GW can establish the Sxx tunnel (local GTP-U tunnel) (downlink direction) and sends the packet to the Target HeNB .
2.3.2.2 S1 based handover procedure
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In comparison with the existing call flow, the following steps need be updated:
2.  In the handover required message the source HeNB provides an additional LHN-ID to the MME.


5 The target MME provides the Correlation ID per bearer to the HeNB. The Correlation ID includes the L-GW@LN address/TEID.
5a  The target MME judges whether the LIPA connection can still continue on the target HeNB based on the LHN-ID returned from the target HeNB. If the LIPA PDN connection can not be supported on the target HeNB, the related LIPA PDN connections are deleted after the handover procedure. 

After Step 13, the target HeNB can establish the Sxx tunnel (local GTP-U tunnel) (uplink direction) to the L-GW based on the information received on step 5.
17a/b.The MME provides the additional HeNB@LN address/TEID to the L-GW per bearer via the Change Notification Procedure.
After Step 17, the L-GW can establish the Sxx tunnel (local GTP-U tunnel) (downlink direction) to the target HeNB based on the information received on step 17a/b.
Option 2) HeNB in the target side control method
2.3.2.3 X2 based handover procedure
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In comparison with the existing call flow, the following steps need be updated:
At the Handover Preparation procedure the source HeNB provides two RRC contexts (one only includes non-LIPA bearers as the normal parameter, the other only includes LIPA bearer as the additional parameter), LHN-ID (or the L-GW@CN address), and L-GW@LN address/TEID information to the target HeNB. If the target HeNB checks itself belonging to the same LHN, the target HeNB allocates the radio resource for the E-RABs in the normal and additional lists. Also, the Target HeNB can establish the Sxx tunnel (uplink direction) based on the L-GW information. Otherwise, only the E-RAB(s) in the normal list is considered. 

2. The target HeNB provides additional HeNB@LN address/TEID per LIPA bearer to the MME in the Path Switch Request message.
4a/b. The MME provides the additional HeNB@LN address/TEID to the L-GW per bearer via the Change Notification Procedure. 
After step 4a/b the related HeNB@LN/TEID information stored on the L-GW UE’s Bearer Context has been updated. The L-GW can establish the Sxx tunnel (local GTP-U tunnel) (downlink direction) and sends the packet to the Target HeNB.
2.3.2.4 S1 based handover procedure
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In comparison with the existing call flow, the following steps need be updated:
2.  In the Handover required message the source HeNB provide two Radio containers (one only includes non-LIPA bearers as the normal radio container, another only includes LIPA bearer as the additional container), LHN-ID (or the L-GW@CN address), and L-GW@LN address/TEID information to the target HeNB.


5.  The target MME provides the Correlation ID per bearer, LHN-ID (or the L-GW@CN address) to the target HeNB. The Correlation ID includes the L-GW@LN address/TEID. 

5a. The target HeNB judges whether the LIPA connection can still continue based on the LHN-ID (or L-GW @CN address) given by the source HeNB.

· If the LHN-ID given by the source HeNB is not supported in the target HeNB, only the Radio container without LIPA bearer is used for resource allocation. 

· If the LHN-ID given by the source HeNB is supported in the target HeNB, the two Radio containers are all used for resource allocation. The target HeNB provides the additional target HeNB@LN address /TEID to the MME per LIPA bearer
After Step 13, the target HeNB can establish the Sxx tunnel (local GTP-U tunnel) (uplink direction) to the L-GW based on the information received on step 5.
17a/b.The MME provides the additional target HeNB@LN address /TEID to the L-GW per bearer via the Change Notification Procedure.
After Step 17, the L-GW can establish the Sxx tunnel (local GTP-U tunnel) (downlink direction) to the target HeNB based on the information received on step 17a/b.
2.3.3 Connected state mobility management procedure—IurH handover

In the 3G HNB case IurH handover has been developed. It is similar as X2 handover but without the signaling interaction with CN node. Like discussed above, we can assume that IurH handover only happen between HNB in the same LHN. In that case the additional work need to be done is that the new HNB@LN address/TEID needs to be notified to the LGW. Two options are possible. However as this issue is related to some issues discussed in RAN3(e.g. whether the CN node can always skip for this type of Handover), it maybe better to have some further study.
One possibility is that HNB send the message to the CN node to notify the change of the downlink receiving address and TEID.
3 Conclusion
Based on above analysis it is proposed to discuss and add the related call flow for the Standalone LGW solution. 
4. Proposal
Annex X
Evaluation of mobility procedure impacts for Architecture#1, 

X2.
Sxx user plane only Option 2
For the following procedure description the term LGW refers to the PGW and the HeNB refers to the eNodeB shown in the figure.
X2.1 Connection management procedure  
X2.1.1 LIPA PDN connection establishment
For the LIPA PDN connection established in the attach procedure, similar changes applied. 
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In comparison with the existing call flow, the following steps need be updated:
1.
If the HeNB supports the establishment of LIPA PDN connections to the standalone L-GW, it includes the LHN-ID in the S1-AP message.
Note 1: if the RAN based GW selection mechanism are adopted, the L-GW addresses also need be included.

2.
If the APN requested are authorized to establish LIPA PDN connection, the MME selects an L-GW based on the “key issue #L2: L-GW selection and addressing” and store the LHN-ID. 

5, 6,  In the Create Session Response message returned to MME, the L-GW provides the additional L-GW@LN address per bearer. The MME stores the received L-GW@LN address.

The MME send the Correlation ID per bearer to the HeNB. The Correlation ID is enhanced to include the L-GW@LN address. 

After step 7 the HeNB get the L-GW@LN address and TEID, it establish the Sxx tunnel for the LIPA PDN connection (uplink direction) in parallel with the S1-U tunnel. For the non LIPA PDN connection HeNB send the packet via the S1-U tunnel. For the LIPA PDN connection, the HeNB send the packet via the Sxx tunnel. 

10.   In the Bearer Setup Response message the HeNB provides the additional HeNB@LN address per bearer to the MME, i.e. the HeNB@CN+HeNB@LN+TEID returned to MME.

14a/b.The MME provides the additional HeNB@LN address/TEID to the L-GW per bearer via the Change Notification Procedure.

After step 14 the L-GW gets the HeNB@LN address/TEID information, it establish the Sxx tunnel for the LIPA PDN connection (downlink direction) in parallel with S5 tunnel to SGW. The L-GW send the packet to the HeNB directly via the Sxx tunnel. 

X2.1.2 UE triggered Service Request procedure
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In comparison with the existing call flow, the following steps need be updated:
4. The MME sends the Correlation ID per bearer to the HeNB. The Correlation ID is enhanced to include the L-GW@LN address.
7.  In the Initial Context Setup Complete message the HeNB provides the additional HeNB@LN address per bearer to the MME.

13a/b. The MME provides the additional HeNB@LN address/TEID to the L-GW per bearer via the Change Notification Procedure.
X2.1.3 Network triggered Service Request procedure
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In comparison with the existing call flow, except the step 5 need be updated as previous session description. Others are same as before.  

X2.1.4 S1-Release procedure
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In comparison with the existing call flow, the following steps need be updated:
7a/b. The MME notifies the L-GW to release the HeNB@LN address/TEID from the UE’s bearer context. After that the Sxx tunnel is released. If the L-GW receives the data packet, the network triggered service request procedure will be triggered. 
X3 Mobility management procedure  

X3.1 Idle state mobility management procedure

For the idle state mobility the LHN-ID are used for the MME to judge whether the LIPA PDN connection shall be deleted. It can refer to section “5.2.3.3.2. LIPA PDN connection management”.
X3.2 Connected state mobility management procedure

For the connected state mobility management procedure two options can be considered, 

Option 1) MME decide whether the LIPA PDN connection can still be kept. 

Option 2) H(e)NB on the target side decide whether the LIPA PDN connection can still be kept. 

Option 1) MME control method 
X3.2.1 X2 based handover procedure
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In comparison with the existing call flow, the following steps need be updated:
At the handover preparation procedure the source HeNB provides the additional L-GW@LN address/TEID information to the target HeNB. The Target HeNB establishs the Sxx tunnel (local GTP-U tunnel) (uplink direction) to the L-GW based on that information. 

3. The target HeNB provides additional HeNB@LN address per LIPA bearer to the MME in the Path Switch Request message.

4a/b. The MME provides the additional HeNB@LN address/TEID to the L-GW per bearer via the Change Notification Procedure. 
After step 4a/b the related HeNB@LN address/TEID information stored on the L-GW UE’s Bearer Context are updated. The L-GW establishs the Sxx tunnel (local GTP-U tunnel) (downlink direction) and sends the packet to the Target HeNB .

X3.2.2 S1 based handover procedure
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In comparison with the existing call flow, the following steps need be updated:
2.  In the handover required message the source HeNB provides an additional LHN-ID to the MME.


5. The target MME provides the Correlation ID per bearer to the HeNB. The Correlation ID includes the L-GW@LN address/TEID. And the Target HNB provides additional HeNB@LN address per LIPA bearer to the MME.
After Step 13, the target HeNB establishs the Sxx tunnel (local GTP-U tunnel) (uplink direction) to the L-GW based on the information received on step 5.
17a/b.The MME provides the additional HeNB@LN address/TEID to the L-GW per bearer via the Change Notification Procedure.
After Step 17, the L-GW establishs the Sxx tunnel (local GTP-U tunnel) (downlink direction) to the target HeNB based on the information received on step 17a/b.
Option 2) HeNB in the target side control method
X3.2.3 X2 based handover procedure
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In comparison with the existing call flow, the following steps need be updated:
At the Handover Preparation procedure the source HeNB provides LHN-ID (or the L-GW@CN address), and L-GW@LN address/TEID information to the target HeNB.The Target HeNB establishs the Sxx tunnel (uplink direction) based on the L-GW information. 

1. The target HeNB provides additional HeNB@LN address/TEID per LIPA bearer to the MME in the Path Switch Request message.

4a/b. The MME provides the additional HeNB@LN address/TEID to the L-GW per bearer via the Change Notification Procedure. 
After step 4a/b the related HeNB@LN/TEID information stored on the L-GW UE’s Bearer Context are updated. The L-GW establishs the Sxx tunnel (local GTP-U tunnel) (downlink direction) and sends the packet to the Target HeNB.
X3.2.4 S1 based handover procedure
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In comparison with the existing call flow, the following steps need be updated:
2.  In the Handover required message the source HeNB provide LHN-ID (or the L-GW@CN address), and L-GW@LN address/TEID information to the source MME.

5.  The target MME provides the Correlation ID per bearer, LHN-ID (or the L-GW@CN address) to the target HeNB. The Correlation ID includes the L-GW@LN address/TEID. 

5a. The target HeNB provides the additional target HeNB@LN address /TEID to the MME per LIPA bearer
After Step 13, the target HeNB establishes the Sxx tunnel (local GTP-U tunnel) (uplink direction) to the L-GW based on the information received on step 5.
17a/b.The MME provides the additional target HeNB@LN address /TEID to the L-GW per bearer via the Change Notification Procedure.
After Step 17, the L-GW establishs the Sxx tunnel (local GTP-U tunnel) (downlink direction) to the target HeNB based on the information received on step 17a/b.
X3.3 Connected state mobility management procedure—IurH handover

In the 3G HNB case IurH handover HNB send the RANAP message to the SGSN to update the related HeNB@LN address/TEID information stored on the L-GW UE’s Bearer Context.
5. Reference
[1]. S2-102432, "LIPA Solution-1, Stand-alone L-GW with Sxx being user-plane only ", Motorola, ZTE, Panasonic 
[2]. S2-102433, "LIPA Solution-1, Stand-alone L-GW with Sxx being both user-plane and control-plane”, Motorola
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