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1 Introduction
Based on the SA’s conclusion, RAN sharing should be supported in nature without explicit requirement in stage 1. But some issues for supporting H(e)NB RAN sharing were found in the late of R10 discussion. This paper gives an overview on RAN sharing supporting and discusses the remaining problems and potential solutions in R11.
2 Discussion
In the home deployment, if the H(e)NB shared by operators, it will be beneficial for the family members subscribe to different operators. Then all the family members can use the H(e)NB in the home to enjoy the high speed traffic and good user experience without changing operator. And this can also decrease the deployment cost of operators. This is also applicable to enterprise or public scenario like: Starbucks, McDonald's.

The RAN sharing supporting problem was raised in GERAN discussion for supporting inbound handover from GERAN to H(e)NB. From RAN2 point of view, it concluded in [4] that RAN sharing is fully supported for "open mode H(e)NB" due to no difference to the Marco. There is no conclusion for the RAN sharing supporting for closed and hybrid mode H(e)NB cell The main issue for supporting RAN sharing of closed/hybrid is the accessing check for initial camping on and inbound handover to a shared closed/hybrid H(e)NB. There were some discussions in RAN2, GERAN, SA2 and CT1in previous meetings. To support inter-PLMN handover, the access checking on UE side is not only based on the rPLMN/primary PLMN , but also  ePLMNs which was agreed in SA2 and RAN2. But the whole procedure of UE accessing shared H(e)NB cell and handover to the shared H(e)NB cell is still unclear and will be discussed below.
2.1 UE accessing a shared H(e)NB cell
In Marco network, the UE shall, if supported decode the broadcast system information to determine available core network operators in the shared network. The network side will route the signalling to the selected PLMN. These principles should be valid for H(e)NB case as well. This section mainly discusses the routing issue when UE camping on a shared H(e)NB cell. 
Network sharing allows different core network operators using a shared radio access network. There are two kinds of architecture for network sharing: A Gateway Core Network (GWCN) and A Multi-Operator Core Network (MOCN). In GWCN configuration, the CN node e.g. MME, MSC and SGSN are shared. The shared CN node will decide whether the UE is allowed to attach. The RAN node is only required to broadcast multiple PLMNs and it is not affected in the procedure of UE accessing the shared H(e)NB cell in this configuration. There is no problem for supporting GWCN in current specification.

In MOCN configuration, the RAN node needs select/route the UE accessing to the CN based on UE capability and selection.
· Supporting UE in the MOCN configuration when it accessing H(e)NB cell.
For intra-PLMN NAS node selection, the H(e)NB-GW, if present, is responsible for the selection and routing to decrease the signalling connection management load in NAS node and prevent the possible attacking from the CPE. This principle should also be applicable in RAN sharing case, the H(e)NB-GW, if present, shall route the signalling to the selected PLMN, which may require the H(e)NB-GW inspects the RANAP/S1AP Initial UE message to obtain the selected PLMN information.

In LTE, if the HeNB-GW does not present, the HeNB shall route this message to the correct MME, which is the same as eNB doing today. 
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Figure 1 Supporting UE accessing H(e)NB cell

· Non-supporting UE in the MOCN configuration when it accessing HNB cell
This is only applicable to UMTS case. In UMTS, if the UE does not support MOCN, the RNC will attempt to route the Initial UE message to possible CN nodes until the correct CN node is found. In HNB system, the HNB-GW is the right place to locate the rerouting function as well to decrease the signalling connection management load in NAS node and prevent the possible attacking from the CPE, which was already discussed and agreed in R8 in [2]. The HNB-GW shall reroute the messages based on the shared PLMN information of the HNB cell.

The procedure for the non-supporting UE accessing a HNB cell is listed below:
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Figure 2 Non-supporting UE accessing HNB cell
From the analysis above, there is no changes needed in Iu(h)/S1 interface to support the UE camping on a shared H(e)NB. There are still some issues in Uu side : the relationship between CSG ID and the PLMN IDs broadcast by the cell and how does the UE perform preliminary checking. 
2.2 Inbound Mobility to the RAN shared H(e)NB cells

In handover procedure of macro RAN sharing case, the source RAN node should select the same core network operator as the one in use. This is accomplished by not changing the serving PLMN if the PLMN in use is supported in the target cell. If the PLMN in use is not supported in the target cell the source RAN selects the target PLMN based on either: (i) pre-configured information in the RNC/eNB, or (ii) the SNA Access Information IE/the Equivalent PLMNs list provided by the SGSN/MME. 
In inbound mobility to a shared H(e)NB, the source RNC/eNB can not decide to handover the UE to which PLMN of the target H(e)NB cell because the source RNC/eNB has no any information about the UE’s CSG  subscription data. A UE associated mechanism may be necessary on the PLMN selection.The related scenario is described below:
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Figure 3 H(e)NB cell is shared

If the H(e)NB cell is shared by PLMN B and PLMN C and they are not the equivalent PLMN of PLMN A. The {PLMN B, CSG 1} is in the UE’s whitelist and UE’s registered PLMN is PLMN A. If the UE is agreed to perform preliminary checking based on PLMNs besides RPLMN and ePLMN.
In step 1, the UE performs access check and report member to the source node. 

In step 2, the source initiates the handover procedure. Even if the source node is configured the shared pLMNs of the target H(e)NB, it can not make sure which PLMN the UE selects when the UE does not  report the PLMN. The PLMN C is the primary PLMN. Most likely, the source node will fill the PLMN identity with UE’s current pPLMN (PLMN C) of the LAI or the CGI. Then the handover message will not be rerouted to the PLMN B which the UE truly subscribed to.
In order to avoid this scenario, it recommended that the UE can report the PLMN which in its whitelist in R11. Based on the UE’s reporting, the source node can determine which PLMN to hand over the UE to.
If the target H(e)NB cell is shared by several PLMNs, there would be two method: one is that the UE shall report the selected PLMN only based on a regular rule and inform the selected PLMN in the measurement report; the other one is that the UE reports all the subscribed PLMNs of the UE in the measurement report and the source RNC will decide the selected PLMN based on either: (i) pre-configured information in the RNC/eNB, or (ii) the SNA Access Information IE/the Equivalent PLMNs list provided by the SGSN/MME. 
The first solution only affects UE and the UE obeys the rule to report one PLMN to the network side. But the network side can not make decision based on multiple choices to hand over the UE to which PLMN. The second solution will have great 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. 
The mechanism of PLMN selection is out of RAN3 scopt, other groups like RAN2 or SA2 should be involved in the discussion.
Except the PLMN selection in RAN, there is another problem in access control problem in CN. During the inbound handover, the source CN node performs the access control. But the access control is only based on the CSG ID lists referring to the rPLMN and ePLMN only. It is necessary to consider the mechanism how to perform the access control for the selected PLMN, which should be discussed in SA2.
3 Conclusion

From the analysis above, there is no expect RAN3 changes to support RAN sharing for H(e)NB so far. But the other groups at least including RAN2 and SA2 should be involved in the discussion. It is proposed RAN3 to discuss and agree following proposals.

Proposal: To capture the section 2 in [4] for further discussion and involve RAN2 and SA2 in the discussion.
4 Reference
[1] R3-111172 Discussion on 3G HNB Enhancements for R11
Huawei
[2] R3-090500 Correction of MOCN function in the function split table
Samsung, Huawei
[3] 3GPP TR 37.803, UMTS and LTE; Mobility Enhancements for H(e)NB
[4] R2-110679，Report of 3GPP TSG RAN WG2 meeting #72, Jacksonville, USA, November 15 - 19, 2010
[5] S2-112879, Reply LS on PLMN and CSG whitelist handling in H(e)NB
H(e)NB Cell





1: UE access check passed











2: HO (PLMNC,CSG1)





1: MR (CSG1, member)





rPLMN: PLMNA


Whitellist: PLMNB+ CSG1











PLMNB, PLMNC


CSG 1


CSG


CSG 1





PLMNA





CN


(PLMNB,C)





CN


(PLMNA)





H(e)NB + 


HNB GW





SRNC/eNB





Macro Cell









 5/5

_1378557599.vsd
SGSN
Operator A


H(e)NB


Supporting UE


SGSN Operator B


1. System information  


6. ATTACH ACCEPT/REJECT 


5. CN node determines whether the UE is allowed to attach.


2. Network selection


3. Initial Direct Transfer 


4. Initial UE message (ATTACH REQUEST) Routing by the H(e)NB-GW if present


H(e)NB-GW



_1374392468.vsd
�

UE�

HNB�

HNB GW


SGSN 
Operator A


1. RRC Connection Establishmen


7.Initial UE message (Redirect Attempt Flag)


8. CN node determines whether the UE is allowed to attach


2. Initial Direct Transfer


3.Initial UE message (ATTACH REQUEST)


4.Initial UE message (Redirect Attempt Flag)


5. CN node determines whether the UE is allowed to attach


6. Direct Transfer (Redirection Indication)


9. Direct Transfer (ATTACH ACCEPT, Redirection Completed)


10. ATTACH  ACCEPT


SGSN 
Operator B



