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1. Introduction
In last meeting, Samsung raised an issue for home Node B, i.e. S1 connectivity. It involves several aspects:

· Shall we apply S1-Flex between a home Node B and an EPC?

· How is the home Node B shared between different operators?

2. S1-Flex

S1 flexibility is used to connect macro eNBs to MMEs within one pool area. The main purpose to have S1-flex is to balance the load among EPC nodes. The load of EPC node depends on the number of UEs, eNBs and hNBs. If one area has many hNBs, it would be wise to distribute the S1 connection between those hNBs and multiple EPC nodes. Either we assume O&M centre is responsible for load balancing of hNode B to different MMEs, or hNB chooses one MME as the serving for a UE based on load balancing algorithm as normal S1-flex does. 

The two approaches will be elaborated below.

· O&M centre: balancing hNB loads to different MMEs (only one S1 connection as per hNB)

When a hNB wants to establish S1 connection with a MME, the O&M centre assigns one MME for the hNB. When the O&M centre assigns MME, it shall take the load of each MME into account or it assigns MME randomly with equal probability. But this option is just implementation relevant.

· hNB: load balancing UE to different MME (S1-flex)

HNB establishes S1 connection with all MMEs in one pool area. If a UE first arrives into the pool area, the hNB chooses one MME randomly for the UE. This function in the hNB is same as that in the macro eNB. If the UE moves into hNB from another tracking area belonging to the same pool area, the hNB selects MME based on UE’s S-TMSI.

3. Sharing hNB 

It is quite normal that multiple subscriptions to different operators coexist in one family. Operators probably want to share the hNB. Architecture like MOCN can be applied to hNB case. hNB stores the PLMN ID for every specific EPC. When the hNB receives the PLMN ID from the UE, it can forward UE signalling to its own EPC node. 

The eNB shall store the mapping between PLMN ID and corresponding EPC node. This kind of mapping info can be pre-stored in the hNB by vendor when the hNB is produced, or the hNB can get configuration parameters from any O&M centre 

Each hNB shall be implemented to support S1 connections with multiple EPC networks. If we allow S1-Flex for S1 interface within one PLMN, the number of S1 connection will be enlarged with the number of subscriptions to different operators in one family. In this case, the bandwidth of the backhaul network will be consumed a lot by the S1 connections.

4. Mobility impact

If both Macro-eNB and hNB have S1 connection with multiple MMEs, there is no impact on mobility procedures.

When a UE moves into a pool area for the first time, normally a macro-eNB will randomly select one MME to be as the UE’s serving EPC node. But if the MME connecting with the hNB is configured by the O&M centre,  the hNB serving EPC node cannot be changed. Based on above scenario, UE’s serving EPC node may be different from hNB serving EPC node, when an idle UE moves from macro-eNB to hNB, inter-MME tracking area update procedure maybe needed to support mobility. For active UE, inter-MME and/or inter-S-GW change is needed to support mobility. This mobility approach has some impact on network performance.

5. O&M configuration effort

For the first alternative, the concerned MME is informed to the hNB when the hNB powers on for the first time. Later on hNB stores this information and use it to establish S1 connection. But for further mobility support, the other MMEs in the same pool area shall know the mapping between serving MME and specific hNB. This also requires O&M configuration. It is really bad because it may impact on the MME configuration whenever a new hNB joins the network.

For the second alternative, all concerned MMEs in the same pool area are informed to the hNB when it powers on. Later on hNB stores this information and use it to establish S1 connection. Since every MME has S1 connection with the hNB, it can directly execute S1 handover between macro-eNB and hNB. It doesn’t have additional O&M configuration effort.

Comparison of above methods:

	
	only one S1 connection as per hNB
	S1-flex

	Complexity
	Simple
	Simple, same as macro eNB

	S1 Resource efficiency
	Less, one S1 connection with only one MME
	More, S1 connection with per MME

	Mobility performance impact
	Big
	No

	O&M configuration effort
	Big
	No


From above table, we can see if bandwidth of backhaul network is not an issue, we would like to propose go to S1-Flex for hNB. Otherwise, vice versa.

5. Conclusion
Samsung would like to propose RAN3 to discuss this scenario and come to a conclusion.

