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Abstract: This contribution analyses the requirements of LTE RAN sharing by multiple CDMA2000 networks and proposes a solution.
Introduction
1xCSFB and HRPD/LTE optimized handover rely on pre-registration to CDMA2000 network from LTE. The pre-registration requires UE to receive CDMA2000 parameters from SIB8. However, currently, E-UTRAN can only interwork with one CDMA2000 network for HRPD and 1x. E-UTRAN interworking with multiple CDMA2000 networks is not supported because SIB8 only has parameters of one CDMA2000 network and CDMA2000 network selection for pre-registration is not supported. This issue is particularly relevant for CDMA operators that are collaborating to deploy LTE using an LTE RAN sharing architecture. These operators are seeking a solution as soon as possible; otherwise there is no way to support such a deployment model. 

RAN2 already had some initial discussion on this issue and has so far concluded in R2-123133 that the following requirements should be fulfilled by a solution to support the network sharing arrangements for CDMA2000 inter-working:

1) Both MOCN and GWCN configurations to be supported

2) Different LTE operators can inter-work with the same CDMA network

3) An LTE operator can inter-work with different CDMA networks

4) Solution must allow UEs camped on different serving PLMN IDs to select to the same CDMA 1x or HRPD network

5) It shall be possible to choose HRPD and CDMA1x network independently.

6) HRPD HO, SRVCC and all 1xCSFB types shall be supported

7) Preferably with no impact on CDMA2000

Optimized handover between LTE and HRPD doesn’t seem to be an urgent requirement. This paper mainly evaluates the potential solutions for LTE interworking with multiple CDMA2000 1x networks. 
Potential Solutions

CDMA2000 1x network selection is the key technical issue for LTE network to interwork with multiple 1x networks. So, the solutions can be categorized by 1x network selection mechanisms. There are two scenarios that are considered in this contribution:

1. With network sharing, i.e., the eNB broadcasts multiple PLMN IDs, including the PLMN ID corresponding to the 1x operator.

2. With no network sharing, the LTE operator offers a service to the 1x operator, but there is no PLMN ID broadcasted corresponding to the 1x operator in LTE.   
We propose the following fundamental decisions for 1x network selection:

1. 1x network selection is performed in the network.

2. 1x network selection shall not affect normal PLMN selection in LTE.

3. Solutions for different deployment models, e.g., with/without network sharing in LTE, should have same impact towards UE. 

4. Due to idle mode mobility of the UE, SIB8 should be extended to carry parameters for multiple 1x networks. For example, UE checks SIB8 to know whether the (selected) 1x network is still available and perform IMS de-registration if not.

Scenario 1: Without LTE Network Sharing
This solution reuses in part the solution adopted by 3GPP for multiple PLMN CSFB, where MME selects (GERAN/UTRAN) CS network for the UE.
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1. UE receives SIB1 and SIB8. SIB 1 includes the PLMN ID of the LTE operator. SIB 8 is extended to include 1x parameters of multiple 1x networks.
NOTE:
For backward compatibility, SIB8 shall be extended in a way that legacy UEs can read a default 1x network in SIB8.

2. The UE performs normal PLMN selection as per 3GPP TS 23.122.
3. UE sends RRC Connection request to eNB.
4. eNB sends RRC Connection Setup to UE.

5. UE sends RRC Connection Setup Complete (Selected PLMN ID, registeredMME, Attach/TAU Request) to eNB.  eNB selects a MME per UE selected PLMN ID and registeredMME.
6. eNB sends Initial UE Message (Selected PLMN ID, Attach/TAU request) to the selected MME. UE indicates 1x network reselection (e.g. in Additional Update Type IE) in TAU/Attach request. 

7. MME proceeds with the Attach/TAU procedure to Initial Context Setup as defined in 23.401. Subscription data fetching and authentication may be performed. 

The MME selects a 1x network for the UE considering serving tracking area, UE’s HPLMN, visiting network’ policy and home operator’s policy. 

For non-roaming UE, its home operator’s 1x network should be selected. For roaming UE, visiting network’s policy and home operator’s policy may be provisioned to MME. For example, IMSI (or part of IMSI) and TAI may be used as MME local configuration database to query the preferred 1x network(s) for the UE. Alternatively, DNS may be used to retrieve visiting/home network policies.
8. After a 1x network is selected, MME stores the selected 1x network into its UE context and sends Initial Context Setup (selected 1x network, Attach/TAU Accept) to the eNB. 
9. Normal Attach/TAU procedure completion and establishment of SRB2 and DRB. 
10. eNB sends the Initial Context Setup Response to MME. 

11. UE sends CDMA2000CSFBParameterRequest to eNB requesting the CDMA2000 CSFB parameters. 

12. eNB sends the parameters including SID/NID of the MME selected 1x network to UE in CDMA2000CSFBParametersResponse. At this step, the UE knows the 1x network to interwork. 
13. The UE uses from now on the SIB8 parameters corresponding to the selected 1x network. The rest of the steps (14-21) are not modified.

Scenario 2: With LTE Network Sharing

For the case where network sharing is performed at LTE, and the RAN broadcasts in SIB1 multiple PLMN IDs, including a PLMN IDs corresponding to each 1x operator, the solution is fundamentally the same, except that the selected 1x network takes into account the selected PLMN ID in LTE.
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1. UE receives SIB1 and SIB8. SIB 1 includes the PLMN ID of the LTE operator. SIB 8 is extended to include 1x parameters of multiple 1x networks.
NOTE:
For backward compatibility, SIB8 shall be extended in a way that legacy UEs can read a default 1x network in SIB8.

2. The UE performs normal PLMN selection as per 3GPP TS 23.122.
NOTE:
The PLMN ID corresponding to its home 1x network is configured as HPLMN or EHPLMN in the USIM. The UPLMN and OPLMN in USIM store the PLMN lists of the UE and home operator preferred 1x networks. 
3. UE sends RRC Connection request to eNB.
4. eNB sends RRC Connection Setup to UE.

5. UE sends RRC Connection Setup Complete (Selected PLMN ID, registeredMME, Attach/TAU Request) to eNB. The eNB selects a MME per UE selected PLMN ID and registeredMME.
6. eNB sends Initial UE Message (Selected PLMN ID, Attach/TAU request) to the selected MME. UE indicates 1x network reselection (e.g. in Additional Update Type IE) in TAU/Attach request. 

7. MME proceeds with the Attach/TAU procedure to Initial Context Setup as defined in 23.401. Subscription data fetching and authentication may be performed. 

The MME selects the 1x network corresponding to the UE selected PLMN for the UE. 
8. After a 1x network is selected, MME stores the selected 1x network into its UE context and sends Initial Context Setup (selected 1x network, Attach/TAU Accept) to the eNB. 
Note: the change to this message can be avoided if eNB maintains the mapping between 1x network ID and PLMN ID and if eNB doesn’t need to support scenario 1. 
9. Normal Attach/TAU procedure completion and establishment of SRB2 and DRB. 
10. eNB sends the Initial Context Setup Response to MME. 

11. UE sends CDMA2000CSFBParameterRequest to eNB requesting the CDMA2000 CSFB parameters. 

12. eNB sends the parameters including SID/NID of the selected 1x network to UE in CDMA2000CSFBParametersResponse. At this step, the UE knows the 1x network to interwork. 

13. The UE uses from now on the SIB8 parameters corresponding to the selected 1x network. The rest of the steps (14-21) are not modified.

Conclusion and proposal
We have presented a solution that is almost the same for both an LTE network sharing case, and an LTE operator providing services to multiple 1x operators:

1. SIB8 is extended to provide parameters for multiple 1x networks.

2. 1x network selection is performed at MME.

3. MME conveys the selected 1x network to eNB in Initial Context Setup Request.

4. eNB conveys selected 1x network in CDMA2000CSFBParametersResponse along with the corresponding parameters.
5. UE uses the correct information from SIB8 based on what it has received in CDMA2000CSFBParametersResponse.
This solution has minor impact in the UE and NW, while allowing for different deployment models and satisfying the requirements provided by RAN2 (See introduction). Because MOCN and GWCN shall be considered as per RAN2 requirement, scenario 2 shall be proposed to RAN2. If non network sharing scenario needs to be considered, then scenario 1 can also be considered as well.
Proposal: It is proposed that scenario 2 and the solution proposed in this contribution are recommended to RAN2, and draft a reply LS to RAN2 accordingly. 
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