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This paper deals with issues regarding the LIMONET; the S-GW selection during the S1-based handover and conditions for the eNB to include the Local Home Network identity during handover procedures.
1. Introduction
Stage-2 modification on the Local Home Network (LHN) identity (ID) has been made and stage-3 modification is under progress. Based on the modification, this paper discusses how the S-GW should be selected during the S1-based handover and under which condition the eNB includes the LHN ID.
2. Discussion
2.1 S-GW selection
During handover and location updating procedures, the MME may decide whether to change the S-GW or not based on various S-GW selection criteria. Even though detailed descriptions on the criteria are not specified, a number of inputs are defined in [1] (non-exhaustive list):
· Network topology, i.e. the selected Serving GW serves the UE's location and for overlapping Serving GW service areas, the selection may prefer Serving GWs with service areas that reduce the probability of changing the Serving GW;

· SIPTO; and
· Weight Factors.
In addition, there is another criterion in case of the stand-alone GW described in [2]: “The MME/SGSN shall use the Local (H)(e)NB Network ID provided by the (H)(e)NB in the S1-AP/RANAP message to discover the SGW via the DNS.”
In the TAU and X2-based handover procedures, the MME performs the S-GW selection function after it receives the target LHN ID. In contrast, in the S1-based handover procedures, the MME is not informed of the target LHN ID before it performs the S-GW selection function. Similarly, the target LHN ID is not transmitted to the MME/SGSN before it performs the S-GW selection function(s) during the inter-RAT handover procedure.
The target LHN ID is transmitted to the MME after it performs the S-GW selection function, which may set off the MME-triggered S-GW relocation procedure. We believe that less frequent occurrence of the procedure results in a better user experience and less signaling (if the proper S-GW has been already selected).
In order for the MME to select a proper S-GW, it is required to modify the current S1-based handover procedure as follows:

Alternative 1: The MME is informed of the target LHN ID before S-GW selection.
It is foreseen that this alternative may impact S1 interface. For example, the HANDOVER REQUIRED message may need to include the target LHN ID and for that the source eNB may need to be aware of the target LHN ID. In [3], stage-2 modification is shown. Note that it is generally assumed that the target MME cannot derive the target LHN ID from the target cell ID. If it can, then there is no need to send the target LHN ID via e.g. HANDOVER NOTIFY message.

Additional issue, e.g. whether it is necessary to include the target LHN ID in the HANDOVER NOTIFY message, should be discussed if this alternative is chosen as a way forward.

On the other hand, in order to preserve the current S1-based handover procedure, we may disregard a criterion for the current S-GW selection, i.e. the LHN ID consideration, and have a S-GW selection principle as follows:
Alternative 2: During the S1-based handover procedure, the MME does not consider the target LHN ID when selecting the S-GW. It relocates the S-GW after the S1-based handover procedure as needed.
In this alternative, the target LHN ID may be used for the S-GW selection only after the completion of the S1-based handover procedure. Note that the existence of the SIPTO PDN connectivity may be used for the S-GW selection during the S1-based handover procedure. For example, the MME may not relocate the S-GW if the UE has the SIPTO PDN connectivity if other criteria do not apply for the S-GW relocation.

This alternative may bring e.g. unnecessary maintenance of the S-GW even in the case where e.g. the UE newly enters a Local Network or the source and target Local Networks are different.
2.2 Condition for inclusion of the LHN ID
The eNB or the MME includes the LHN ID in several cases:

Table 1 Inclusion of the LHN ID
	
	Old/Source LHN ID
	Target LHN ID

	TAU
	The MME includes the LHN ID if SIPTO@LN is active for a PDN connection in the architecture with stand-alone GW.
	The eNB includes the LHN ID if the target cell is in a LHN.

	X2-based handover
	The MME has it.
	The eNB includes the LHN ID if SIPTO@LN is active for a PDN connection in the architecture with stand-alone GW.

	S1-based handover
	The MME includes the LHN ID if SIPTO@LN is active for a PDN connection in the architecture with stand-alone GW.
	The eNB include the LHN ID if SIPTO@LN is active for a PDN connection in the architecture with stand-alone GW.


Unlike the MME, the eNB is not aware if any of its bearer(s) is active for a PDN connection in the architecture with stand-alone GW. Thus, the eNB cannot choose to include the LHN ID or not based on the existence of a bearer which is active for a PDN connection in the architecture with stand-alone GW.
In the X2 and S1-based handover procedures, however, it is stated that the target eNB includes the LHN ID in the PATH SWITCH or HANDOVER NOTIFY message, if SIPTO at the Local Network is active for a PDN connection in the architecture with stand-alone GW.
Otherwise, the E-RAB context may be modified to include the information which indicates if the E-RAB is subject to the SIPTO at the Local Network with stand-alone GW. Or alternatively, the eNB may simply include the LHN ID if the concerned cell is in a LHN without a stage-3 protocol impact.
We believe that the last approach, i.e. the approach where the eNB includes the LHN ID if the concerned cell is in a LHN, is simple and effective only with a stage-2 modification, which is reflected in [4].
3. Conclusion

Two issue with respect to LIMONET are discussed; the S-GW selection during the S1-based handover and conditions for the eNB to include the LHN ID during handover procedures. Two alternatives are provided regarding the S-GW selection and it is proposed which alternative is a way forward. With respect to the conditions for the LHN ID inclusion, it is proposed to modify stage-2 description so that the eNB includes the LHN ID if the concerned cell is in a LHN.
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