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1 Introduction 

This contribution analyses some of the architectural considerations to support RAN sharing at H(e)NBs based on the LS (R3-120477 [1]) from SA2. 

NOTE: 
This contribution ignores the issue of how to support HO to a H(e)NB supporting RAN sharing as defined by issue 1 in R3-120438 [2] and only focuses on other issues to support RAN sharing.

2 Background
3GPP has defined two reference architectures to support RAN sharing:
-
Gateway Core Network (GWCN): A RAN sharing configuration in which parts of the core network (MMEs) are also shared. The GWCN architecture for a H(e)NB is shown in Figure 1 (from R3-120477 [1]).

-
Multi-Operator Core Network (MOCN): A RAN sharing configuration in which only the RAN is shared. The GWCN architecture for a H(e)NB is shown in Figure 2(from R3-120477 [1]).
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Figure 1. GWCN RAN sharing for H(e)NB Subsystem with H(e)NB-GW and without HeNB-GW. 

[image: image2.emf]H(e)NB

CN

MME/

SGSN

CN

Operator A

CN

Operator B

CN

Operator C

MME/

SGSN

MME/

SGSN

H(e)NB-GW

RAN

HeNB

Note: HeNB-GW is optional

HeNB

SeGW

H(e)NB

SeGW

 
Figure 2. MOCN RAN sharing for H(e)NB Subsystem with H(e)NB-GW and without HeNB-GW
3 Analysis
3.1
UE functions

TS 23.251 defines the following UE functions for supporting RAN sharing:
-
The UE selects the core network operator and provides the PLMN-id of this operator to the network for routing purposes.

TS 36.304 and TS 36.331 have already defined UE support for cell (re)selection at a CSG or hybrid cell by defining the CSG to be associated with the PLMN-id, i.e., the UE already will only select or reselect a CSG cell if it is suitable.
Conclusion 1: No additional changes are needed to the specification to support the UE functions for RAN sharing beyond those discussed in R3-120438 for in-bound mobility to a CSG cell.
3.2
eNB functions 

TS 23.251 defines the following eNB functions for supporting RAN sharing (ignoring HO to a GWCN or MOCN):
-
The eNB broadcasts a list of PLMN-ids to identify the available core network operators in the broadcast system information

-
The eNB includes the selected PLMN-id in the S1: initial UE message.

-
The eNB uses the selected PLMN-id (provided by the UE at RRC establishment, or, provided by the MME/source eNB at S1/X2 handover) to select target cells for future handovers appropriately.

TS 36.304 and TS 36.331 have already defined support for cell to broadcast multiple PLMN-ids. Similarly, TS 36.413 already includes a PLMN-id in the S1 initial UE message.

For the case of NNSF, TS 36.413 states:

-
In case of network sharing, the selected PLMN is indicated by the PLMN Identity IE within the TAI IE included in the INITIAL UE MESSAGE message. When the eNB has received from the radio interface the S-TMSI IE, it shall include it in the INITIAL UE MESSAGE message. If the eNB does not support NNSF and the eNB has received from the radio interface the GUMMEI IE, the eNB may include it in the INITIAL UE MESSAGE message.
Since the behavior is already specified for an eNB there are no additional changes needed to specify the behavior for a HeNB.

Conclusion 2: No additional changes are needed to the specification to support the eNB functions for RAN sharing beyond removing the restrictions in TS 23.251 that a HeNB shall only broadcast a single PLMN-id and those discussed in R3-120438 for in-bound mobility to a CSG cell.
3.3
Architectural analysis

3.3.1
GWCN RAN sharing for H(e)NB subsystem
As shown in Figure 1, in the case of GWCN RAN sharing the architectural principles of  Rel-8 are preserved namely:
-
A HeNB shall only connect to a single HeNB GW at one time, namely no S1 Flex function shall be used. A HeNB GW can be connected to one or more MMEs/Core Networks via S1 or S1-Flex interfaces.

-
When there is no HeNB GW, the HeNB can directly connect to one or more MMEs via S1 or S1-Flex interfaces.

Conclusion 3: No additional changes are needed to the specification to support GWCN RAN sharing beyond capturing the architecture of Figure 1 in TS 23.251.

3.3.2
MOCN RAN sharing for H(e)NB subsystem

As shown in Figure 2, in the case of MOCN RAN sharing the architectural principles of  Rel-8 are also preserved namely:

-
A HeNB shall only connect to a single HeNB GW at one time, namely no S1 Flex function shall be used. A HeNB GW can be connected to one or more MMEs/Core Networks via S1 or S1-Flex interfaces.

-
When there is no HeNB GW, the HeNB can directly connect to one or more MMEs via S1 or S1-Flex interfaces.

Conclusion 4: No additional specification changes are needed to the specification to support MOCN RAN sharing beyond capturing the architecture of Figure 2 in TS 23.251.
In addition, the LS (R3-120477 [1]) mentions the possible additional flexibility to support a HeNB GW deployment per PLMN, i.e., allowing each operator to determine whether or not to deploy a HeNB GW instead of requiring a single HeNB GW or no HeNB GW when MOCN is deployed.

While it could be beneficial in some scenarios that the HeNB connects only to a single HeNB GW for MOCN, the benefit of the additional flexibility is that each operator can still choose whether or not to deploy a HeNB GW, i.e., the HeNB GW remains optional for an operator to deploy, so it preserves the more fundamental principle that the HeNB GW is optional.

There are also no additional specification or implementation impacts since the HeNB is already expected to support NNSF if there is no HeNB GW present as shown in Figure 2 for the HeNBs connecting to both Operator A and Operator B core networks. 

Similarly, as stated in TS 32.593 (section 4.2.4):
-
MME terminates S1 interface from HeNB. Optionally, S1 interface termination can be provided by HeNB Gateway. This is not relevant from the HeNB point of view, since HeNB cannot differentiate between connecting to MME and HeNBGW. From HeNB point of view, far-end S1 interface termination point appears as MME.
Therefore, the HeNB can connect to either a HeNB GW or several MMEs per PLMN based on configuration with no additional specification changes.
Conclusion 5: No additional specification changes are needed to the specification to support a HeNB GW deployment per PLMN for MOCN RAN sharing beyond capturing the architecture of Figure 3 in TS 23.251.
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Figure 3. MOCN RAN sharing for H(e)NB Subsystem with H(e)NB-GW and without HeNB-GW
Conclusion and proposal
This contribution has analysed the architectural considerations to support RAN sharing at H(e)NBs based on the LS (R3-120477 [1]) from SA2.
Based on the analysis in section 3 we conclude that there are no impacts to RAN3 specifications to support RAN sharing beyond those discussed in R3-120438. Specifically:

· No additional changes are needed to the specification to support the UE functions for RAN sharing beyond those discussed in R3-120438 for in-bound mobility to a CSG cell
· No additional changes are needed to the specification to support the eNB functions for RAN sharing beyond removing the restrictions in TS 23.251 that a HeNB shall only broadcast a single PLMN-id and those discussed in R3-120438 for in-bound mobility to a CSG cell.
· No additional changes are needed to the specification to support GWCN RAN sharing beyond capturing the architecture of Figure 1 in TS 23.251.

· No additional specification changes are needed to the specification to support MOCN RAN sharing beyond capturing the architecture of Figure 2 in TS 23.251.

· No additional specification changes are needed to the specification to support a HeNB GW deployment per PLMN for MOCN RAN sharing beyond capturing the architecture of Figure 3 in TS 23.251.
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