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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. 

There are two uses for LTE interworking with multiple CDMA2000 operators.

Use case 1: LTE only operator interworks with multiple CDMA2000 operators for CS voice and HRPD data
Use case 2: Multiple CDMA2000 operators share one LTE network

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. 
Analysis

System Information

In 3GPP network sharing, the sharing operators’ PLMN IDs are broadcasted in system information. This is convenient for network O&M, e.g. per PLMN overload control. From UE perspective, if its HPLMN/EHPLMN is not broadcasted in system information, the UE would think it is in roaming and hence periodically search for higher priority PLMN. The frequent PLMN searching costs UE battery unnecessarily.
For use case 2, it would be useful to assign a PLMN ID to each CDMA2000 operator and broadcast the PLMN ID in SIB1.

For use case 1, LTE operator can configure multiple HPLMN/EHPLMN IDs in its LTE network. Each HPLMN/EHPLMN is uniquely mapped to a CDMA2000 network. For example UE of LTE only operator camping on its HPLMN interworks with CDMA2000 operator A’s network, UE of the LTE only operator camping on its EHPLMN interworks with CDMA2000 operator B’s network.

Due to the need of international roaming to GSM/UMTS, even CDMA2000 only operator usually has a PLMN ID.

If no PLMN ID is associated with a CDMA2000 operator, the operator has to configure shared LTE operator’s HPLMN as its subscriber’s HPLMN in USIM. This is inconvenient for network O&M, international roaming and charging per operator. And, if late on the CDMA2000 operator deploys its own LTE network, the old UE’s USIM without own HPLMN ID has to be replaced.

Below table summarizes the options for PLMN ID configuration and broadcasting.

	
	Option A:

PLMN ID per CDMA2000 operator
	Option B1:

PLMN ID shared by CDMA2000 operators;
Foreign HPLMN in USIM
	Option B2:
PLMN ID shared by CDMA2000 operators;

Native HPLMN in USIM

	HPLMN in USIM
	CDMA2000 operator’s PLMN ID
	LTE operator’s PLMN ID
	CDMA2000 operator’s PLMN ID

	SIB1 
	Each CDM2000 operator’s PLMN ID

and LTE operator’s PLMN ID
	LTE operator’s PLMN ID
	LTE operator’s PLMN ID

	Issues
	Each CDMA2000 operator needs a PLMN ID. SIB1 can only broadcast 6 PLMN IDs.
	USIM need to be replaced or updated when CDMA2000 operator deploys its own LTE network

Per PLMN O&M is not supported
Cannot differentiate real home operator in international roaming
	UE camping on LTE periodically searches for its HPLMN.
Per PLMN O&M is not supported



	Evaluation
	PLMN ID resource is free.

6 PLMN ID should be sufficient. If need more, SIB1 can be extended
	
	


Conclusion 1: Option A shall be used, i.e. each CDMA2000 network shall be assigned or associated with a unique PLMN ID. The PLMN ID shall be broadcasted in LTE SIB1.

Existing SIB8 can only broadcast one CDMA2000 operator’s parameters. To support interworking with multiple CDMA2000 operators, the SIB8 has to be extended with the capability of broadcasting multiple CDMA2000 networks’ parameters. The index of the PLMN associated with the CDMA2000 network shall be broadcasted in SIB8 as well. The structure of SIB8 would be:

Sequence of {PLMN index, 1xRTT parameters (optional), HRPD parameters (optional)}.

Conclusion 2: SIB8 shall be extended to broadcast multiple CDMA2000 operators’ parameters and PLMN indexes.
Network Selection
In 3GPP, network selection is achieved by PLMN selection based on USIM, as defined in TS 23.122. USIM stores UE’s HPLMN, EHPLMN, OPLMN (operator preferred PLMN list) and UPLMN (UE preferred PLMN list). 
CDMA2000 network selection is based on PRL (Preferred Roaming list). PRL stores home operator preferred CDMA2000 networks in each place. This preferred roaming CDMA2000 network information is similar to OPLMN in USIM. With the CDMA2000 network ID to PLMN ID mapping in SIB8, the OPLMN and HPLMN/EHPLMN of USIM can store equivalent information as PRL for network selection.

Conclusion 3: USIM can store PLMN preference information which is equivalent to the CDMA2000 network preference information in PRL

With unique mapping between CDMA2000 operator and PLMN ID, and USIM provisioned with equivalent information to PRL, the PLMN selection procedure can be used to select CDMA2000 network.

Conclusion 4: USIM based PLMN selection can achieve the same as PRL based CDMA2000 network selection. 
Potential Solution

Based on above analysis, both uses cases can share the same solution as below.
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1. Each CDMA2000 operator is assigned/associated with a unique PLMN ID. eNB broadcasts each CDMA2000 operator’s PLMN in SIB1. SIB 8 is extended to include parameters of multiple CDMA2000 networks. Each CDMA2000 operator’s parameters start with the index of the associated PLMN in SIB8.
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 CDMA2000 network is configured as HPLMN or EHPLMN in the USIM. The OPLMN in USIM store the PLMN lists of the home operator preferred CDMA2000 operators for roaming. The network preference information in USIM shall be consistent with the network preference information in PRL.
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, Attach/TAU Request) to eNB. The eNB selects a MME per UE selected PLMN ID.
6. eNB selects a MME per UE selected PLMN ID and sends Initial UE Message (Selected PLMN ID, Attach/TAU request) to the selected MME.  

7. Normal Attach/TAU procedure completion. 

8. UE decides to register with 1xRTT CS. UE uses the parameters of the 1x network associated with the selected PLMN.

9. UE sends UL information transfer (1x Registration Message) to eNB.
10. eNB sends Uplink CDMA2000 Tunneling(1x Registration Message, CDMA2000 Reference Cell ID) to MME. The CDMA2000 Reference Cell ID is composed per UE selected PLMN.

11. MME selects 1xCS-IWF per the CDMA2000 Reference Cell ID.

12. MME forwards the 1x registration message to the selected 1xCS-IWF via S102 tunnel.
The network selection and pre-registration procedure for HRPD is similar. UE derives parameters of the HRPD network associated with the selected PLMN ID from SIB8. In pre-registration, the eNB reports Sector ID to MME for MME to select HRPD access node. 
Backward Compatibility

Legacy UE only understands the parameters of default CDMA2000 operator. So, eNB shall handle legacy UE and supporting UE differently in e.g. CDMA2000 reference Cell ID selection. There are two options for eNB to know whether UE supports interworking with multiple CDMA2000 operators
· Option 1: Add a new capability bit into UE Radio Capability
· Option 2: Mandate 1xCSFB capable R11 UE to support interworking with multiple CDMA2000 operators.

To mitigate standard change, it is proposed to take the option 2.
Conclusion and proposal
This solution has minor impact in the UE and network, while allowing for different deployment models and satisfying the requirements provided by RAN2 (refer to introduction section). The standard change is minor too, i.e. only SIB8 need to be extended. Hence, RAN2 should be able to design this feature without involving other work groups and 3GPP2.
Proposal 1: RAN2 extends SIB8 to enable the new business model. 

Proposal 2: Mandate 1xCSFB capable R11 UE to support interworking with multiple CDMA2000 operators.
3GPP
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