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1 Introduction
In RAN#51, a new SI: further enhancements for HNB and HeNB[1] was agreed. The evaluation on RAN sharing for UMTS is included in this study item. In this paper, we discuss the solutions of RAN sharing support in HNB.
2 Discussion
2.1 Background

Whether HNB support RAN sharing or not was discussed across WGs in Rel-10 time frame. It was concluded the RAN sharing is not supported for HNB in Rel-8, Rel-9 or Rel-10. In TS 23.251 of SA2, it is specified that RAN sharing is not supported in R8 and R9. Also SA1 points out that there are no Stage 1 requirements to support RAN sharing for HNB in Rel-8, Rel-9 or Rel-10. 
Nevertheless, in the study item [1] in R11 we could conclude that to evaluate the benefit of support of RAN sharing for HNBs is in line with SA decisions. Based on the SA’s conclusion, RAN sharing should be supported naturally without explicit requirement in stage 1. So the RAN sharing should be studied and supported in Rel-11.
There are two types of deployment scenarios:

· In the home deployment, if the HNB is shared by operators, it will be beneficial for the family members to subscribe to different operators. In this way all the family members can use the HNB in the home to enjoy the high speed traffic and good user experience without changing operator. This can also decrease the deployment cost for operators. 
· Operators may deploy open mode or hybrid mode HNBs  in the enterprise or public area to offload traffic from Macro network. (e.g.: Starbucks or McDonald's), which requires the HNBs to support RAN sharing if the Macro cells are shared by two or more operators.
2.2 Issues and solutions of RAN sharing for HNB

To support RAN sharing, does HNB require broadcast more than one CSG-ID? This issue we discussed in RAN2#73bis and following agreement was reached.
· Consensus to consider the CSG-ID part of all broadcast PLMN's
We’ll take the above agreement as the base line for the following discussions, i.e. HNB only broadcasts one CSG-ID and the CSG-ID is valid in all of the broadcasted PLMNs.

2.2.1 Cell selection and cell reselection in RAN sharing scenario 
Based on 25.304, a cell is considered as suitable cell as below:
suitable cell:

A "suitable cell" is a cell on which the UE may camp on to obtain normal service. Such a cell shall fulfil all the following requirements.

-
The cell shall be part of either: 

· the selected PLMN, or: 
· the registered PLMN, or:
· a PLMN of the Equivalent PLMN list
-
For a CSG cell, the CSG ID broadcast by the cell is present in the CSG whitelist associated with the PLMN for which the above condition is satisfied;

According to the latest information provided by the NAS.

-
The cell is not barred, see subclause 5.3.1.1;

-
The cell is part of at least one LA that is not part of the list of "forbidden LAs for roaming" [9], which belongs to a PLMN that fulfills the first bullet above;
-
The cell selection criteria are fulfilled, see subclause 5.2.3.1.2.
In non-RAN sharing scenario, when cell (re)selection is triggered, the UE will select the CSG cell when the CSG ID broadcast by the cell is present in the CSG whitelist associated with the PLMN (sPLMN, rPLMN or ePLMN of the UE). 
In RAN sharing scenarios, for a shared CSG cell, their may be more than one PLMN+CSG ID entry in UE CSG whitelist and the associated PLMNs be part of rPLMN or ePLMN. Which PLMN is selected in this case?

In [3] of PLMN selection procedure for macro RAN sharing scenario, it is specified:

When the MS reselects to a cell in a shared network, and the cell is a suitable cell for multiple PLMN identities received on the BCCH the AS indicates these multiple PLMN identities to the NAS according to 3GPP TS 25.304 [32] and 3GPP TS 36.304 [43]. The MS shall choose one of these PLMNs. If the registered PLMN is available among these PLMNs, the MS shall not choose a different PLMN.
In [3], for the non-sharing scenario of the PLMN selection, it is also specified:

The MS selects and attempts registration on other PLMN/access technology combinations, if available and allowable, in the following order:

i)
either the HPLMN (if the EHPLMN list is not present or is empty) or the highest priority EHPLMN that is available (if the EHPLMN list is present) ;

From simplicity point of view, we think the principle above should be re-used as much as possible also for hNB sharing scenarios, so it is proposed that UE select the PLMN based on following order:

· If the rPLMN of the UE broadcast in the target cell and the rPLMN + CSG ID broadcasted in the target cell in UE CSG whitelist, UE select the rPLMN.

· If the UE’s HPLMN broadcast in the target cell and the HPLMN is part of UE’s ePLMN and the HPLMN + CSG ID broadcasted in the target cell in UE CSG whitelist, UE select the HPLMN.

· If one of UE’s ePLMN broadcast in the target cell and the ePLMN + CSG ID broadcasted in the target cell is in UE CSG whitelist, UE select the ePLMN. If more than one ePLMN+CSG ID in UE CSG Whitelist, UE will select the ePLMN based on the broadcasted order.
As this impact CT1 specification, it is propose to send LS to CT1 if RAN2 could reach some consensus.
Proposal 1: RAN2 to discuss the proposed principle of PLMN selection during cell (re)selection for hNB sharing scenarios and send an LS to CT1 for confirmation.
2.2.2 Inbound mobility 
For UMTS inbound mobility from macro cell to CSG/Hybrid cell in non-RAN sharing scenario, UE only report Cell identity, CSG ID and membership indication to RNC. The PLMN ID and LAC/RAC of target cell are configured in SRNC. As only one PLMN in non-shared case, it is possible for SRNC to configure the PLMN information and handover the UE to right target cell. 
In RAN sharing case, it is required to configure multi-PLMNs for shared CSG/Hybrid cell. However, it is still an issue since there is no any assistant information for SRNC to select the right PLMN for the UE.  Below figure shows the issues:
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Figure 1 HNB cell is shared

If the HNB cell is shared by PLMN A and PLMN B and the two PLMNs are equivalent PLMN. The {PLMN B, CSG 1} is in the UE’s whitelist and UE’s registered PLMN is PLMN A. The UE is going to handover to the HNB cell and the access check in UE is passed based on the RPLMN and its ePLMN.
In step 1, the UE performs access check based on the rPLMN (PLMN A) and its ePLMN (PLMN B) and report member and CSG 1 to the source node. 

In step 2, the source initiates the handover procedure, but it can not fill the PLMN ID IE of the HO message. Most likely, the source node will fill the PLMN identity with UE’s current RPLMN (PLMN A) of the LAI. Then the handover message will not be re-routed to the PLMN B which the UE is actually allowed..
In step 3, the source CN node performs the access control based on the CSG Subscription Data which is only containing the CSG ID list. The access control is successful and finally the UE hands over to the PLMNA of the target HNB cell which is not in the UE’s CSG whitelist.

To solve this issue, there are two solution options:

· Option 1:  CN to send UE CSG whitelist to SRNC when call is established on macro cells. SRNC select the target PLMN based on UE’s CSG whitelist
· Option 2: UE reports the PLMN(s) which are in its whitelist as a reference for the SRNC. 
The solution 1 had been discussed in Rel-9 for inbound mobility. We reached the conclusion that the UE subscription information can not be passed to the RNC for security reasons. So it is proposed,

Proposal 2: The UE shall report the PLMN(s) which is in the UE’s whitelist in the Measurement Report message.
If several PLMNs + CSG ID broadcast by target cell in UE’s CSG whitelist, how UE reports the PLMN(s). There are two alternatives:

· Alternatives 1:  UE selects the PLMN and reports only one PLMN to SRNC in Measurement Report message. The same rule in 2.2.1 can be applied.

· Alternatives 2: UE reports all of the PLMN(s) which passed primary access check.  Source RNC will decide which one to be selected. 
The first solution only affects UE and the UE obeys the rule to report one PLMN to the network side, but SRNC can only hand over the UE to the reported PLMN which loses the flexibility for SRNC. The second solution will have more impact on the Uu interface. The Measurement Report message will become much larger than before to include several PLMN IDs. And this will cause more overhead and transmission delay on Uu interface. 
Proposal 3: It is proposed that RAN2 and RAN3 to decide whether UE reports several PLMNs to let RNC selects one or UE only reports one PLMN.
3 Conclusion

From the analysis above, it is proposed RAN2 to discuss and agree following proposals.

Proposal 1: The UE shall select the PLMN based on a sequence when it (re)selects a shared HNB cell and send LS to CT1.
Proposal 2: The UE shall report the PLMN(s) which is in the UE’s whitelist in the Measurement Report message.

Proposal 3: It is proposed that RAN2 and RAN3 to decide whether UE reports several PLMNs to let RNC selects one or UE only reports one PLMN.
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