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Abstract of the contribution: this contribution discusses the UE-based and network-based solutions for CMDA2000 interworking in shared LTE networks and answers questions raised by RAN2 in their LS R2-123141. 
Introduction
RAN WG2 is currently studying CDMA inter-working in LTE shared networks, and sent a LS (R2-123141) [1] requesting SA WG2 to provide feedback on the requirements and open issues RAN2 elaborated, as well as guidance on the end to end architecture. 
The scenario is represented in the following figure. 
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The solution should cover both MOCN and GWCN configurations, should allow independent selection of CMDA-1x and HRPD, and satisfy PS HO to HRPD, SRVCC and all 1xCSFB types.

The main technical question raised by RAN2 is which of the UE or the Network should select the CDMA network. A combination of UE-based and network-based solutions could also be considered.

Discussion
Background

As a background, in CDMA2000 networks, the UE reads the System ID (SID) and Network ID (NID) from the BS control channel and compares it to the list of allowed SID+NID pairs in its Preferred Roaming List (PRL). If the network is allowed, then the UE attempts to register. In all the cases the UE provides the selected CDMA2000 network (SID+NID pair) in the 1xRTT Registration message over the air.

For CSFB scenario in particular, the UE needs to pre-register to the CDMA2000 1xRTT network via the MME. A tunnel S102 is established between the MME and the CDMA2000 1xCS IWS. In existing TS 36.413, the CDMA 2000 Reference Cell ID is statically configured in the eNB (it is not a UE parameter), and conveyed to the MME in the UL S1 CDMA2000 Tunneling message that encapsulates the 1xRTT Registration Request message); the MME uses this CDMA2000 Reference Cell ID to determine the CDMA2000 1xCS IWS to send the 1xRTT message to and the corresponding S102 interface. To avoid changes to the existing CDMA inter-working model, it is therefore necessary for the eNB to know the CDMA2000 Reference Cell ID at or before receiving the 1xRTT message from the UE.
Extract from TS 36.413: "This IE is set to CDMA2000 Reference Cell ID corresponding to the HRPD/1xRTT sector under the HRPD AN/1xBS towards which the signalling is performed. The CDMA2000 Reference Cell ID is statically configured in the eNB. If the RAT type is HRPD, this IE contains the HRPD Sector ID as specified in 3GPP2 C.S0024-A [27]. If the RAT type is 1x RTT, this IE is encoded as the Reference Cell ID IE in 3GPP2 A.S0008-C [25]."
UE-based vs network-based CDMA2000 network selection methods

Two CDMA2000 network selection methods have been discussed at RAN2:

· UE-based method: the UE determines the CDMA2000 Network from new parameters in SIB8;

· Network-based method: the 3GPP network determines the target CDMA2000 Network.

UE-based method
a) Pre-registration

In LTE for 1x CSFB, the UE performs pre-registration over LTE to the CDMA network.  It receives the necessary information from SIB8 of the camped LTE cell to perform the pre-registration.

The eNB needs to be aware of the CDMA2000 Reference Cell ID as said above. But because the UE is not intended to provide the full CDMA2000 Reference Cell ID but only the CDMA2000 Network ID (SID+NID pair), the eNB should be configured with a mapping table to allow building the CDMA2000 Reference Cell ID from the SID+NID pair and the E-UTRAN cell identity.  

The CDMA2000 Network ID (SID+NID pair) can only be conveyed via an AS RRC message:  
- the NAS Attach/TAU Request message cannot be used since the UE may have attached to another cell, and there might be no NAS message from UE in the current cell during the pre-registration message itself; 
- it is not allowed in the reference model specified in 3GPP2 C.S0097-0 [2] for the eNB or the MME to extract information from the 1xRTT GCSNA encapsulated message as GCSNA is a UE-IWS end-to-end protocol. 
The Reference Cell ID, defined in [4], contains the MSCID which is made of the MarketID and Switch Number. This should allow the MME to select the correct 1xCS IWS even in case of multiple CDMA networks. 
b) Subsequent RRC connections
For subsequent RRC connections after the UE has gone to IDLE mode i.e. no UE context in the eNB, the eNB needs to know the CDMA network the UE has selected, for HO to CDMA including CSFB (e.g. to build the NCL). This can be performed either via RRC signalling from the UE, or via S1 signalling from the MME: 

RRC signalling from the UE: 

1) This may lead to specification complexity - Need to define complex rules on when UE should include it.  It needs to be included in multiple messages.  

2) Another option is to always use UL Direct Transfer message in advance every time.  More possibility of errors if the UE provided CDMA network does not match the one stored in the MME.  In a handover, this information can be transferred from source eNB to target eNB during HO preparation in RAN3 container.
3) A clean principle is that the information should not be sent in RRC messages when it is already available in the network.
S1 signalling from the MME:  the MME provides the information to the eNB over S1 via S1 Context Setup message and at HO (in Handover Request/Path Switch Request Acknowledge).  This assumes that the eNB has previously provided the SID+NID pair in the UL S1 CDMA2000 Tunneling message. 
Alcatel-Lucent recommends S1 signalling as RRC signalling alternative has significant drawbacks.
Network-based method
In the network-based method, the MME should be able to determine the CDMA2000 Network ID for the UE, and to inform the UE prior to its CDMA2000 1xRTT pre-registration. 

Since in all the cases the UE has to provide the selected CDMA2000 network ID (SID+NID pair) in the 1xRTT Registration message over the air, a network-based method would consist for the MME to provide the UE with an "operator derived CDMA2000 network" in Attach/TAU Accept, and for the UE to then decide which CDMA2000 network (SID+NID pair) to select and to request to have its tunnelled 1xRTT Registration message sent to that CDMA2000 network (so UE decision is common for UE based and network based selection).  
It also implies that in both UE-based and network-based methods, the UE needs to be upgraded. 
Concerning the added value of a network-based solution, 

· The MME could base its decision on a per subscriber basis i.e. from information coming from the HSS. But this HSS data will inevitably come from CDMA2000 subscriber profile and is not expected to provide added value compared to the Preferred Roaming List (PRL) already available in the UE. It also does not depend on the VPLMN roaming agreements and thus does not satisfy the requirements. It also implies HSS upgrade as well as coordinated O&M with the CDMA network operators, which is very heavy.
· The MME could alternatively base its decision on the 3GPP-PLMN the UE has selected e.g. by directly deriving a CDMA2000 Network from the selected PLMN via a mapping table. In this case, the MME will send the "operator derived CDMA2000 network" to the UE, and the UE can take this information into account together with other information from its Preferred Roaming List (PRL) to select the CDMA2000 network. The PLMN selection algorithm in the UE could be left to RAN2 and CT1 expertise, but the concept looks similar to Equivalent PLMNs in 3GPP networks whereby the network provides in Attach/TAU Accept a list of ePLMNs that are used at a subsequent PLMN reselection. However, the benefits for the mobile operator are not completely clear.  
· Rather than sending the operator derived CDMA2000 network ID from MME to eNB, then from eNB to UE via AS RRC message, it makes sense to send it via NAS Attach/TAU Accept message. 
· UE-based method and network-based methods can coexist: if the MME does not wish to provide a CDMA2000 network ID to the UE, the UE will select the CDMA2000 network on its own.
Applicability to CSFB, PS HO to HRPD and SRVCC procedures

CSFB to 1xRTT: TS 23.272 specifies that the UE needs to pre-register with 1xRTT CS network via S102. If enhanced CS fallback to 1xRTT procedure is not used by the network (i.e., not supported or not configured), the network uses RRC connection release with redirection for CSFB from E-UTRAN to CDMA2000 1xRTT network is performed via RRC Connection Release with redirection after optional measurements of candidate target cells. The eNB can build the Neighbour Cell List (NCL) for UE measurements thanks to the knowledge of the CDMA2000 network the UE is pre-registered to. This information can be communicated by the MME to the eNB via a new IE in the Handover Restriction List. If enhanced CS fallback to 1xRTT procedure is used, then concurrent PS handover, concurrent non-optimised PS handover or optimised idle-mode PS handover can be used as long as the selected CDMA2000 1xRTT network is communicated to the eNB.

Optimized PS handover to HRPD:
TS 23.402 and 3GPP2 C.S0087-0 [3] specify the interworking with CDMA2000 HRPD network via S101. It is based on similar pre-registration phase well in advance via E-UTRAN with the establishment of a S101 session with an HRPD Access Node that is determined from the CDMA2000 parameters provided by the eNB via the UL S1 CDMA2000 Tunnelling message. Both UE-based methods and network-based methods that apply to CSFB also apply to HRPD PS handovers. 

SRVCC to 1xRTT: TS 23.216 specifies the interworking with CDMA2000 1xRTT for SRVCC. The need to establish a S102 tunnel between the MME and the CDMA2000 1xCS IWS is similar to CSFB case. The CDMA2000 1xCS IWS is selected based on the local configuration in the MME taking into account the CDMA2000 Reference Cell ID received in the Uplink S1 CDMA2000 Tunnelling message. This is also similar to CSFB procedures. Both UE-based methods and network-based methods that apply to CSFB also apply to SRVCC handovers.
Proposal 1: It is proposed to agree that the UE and the 3GPP network shall comply with an UE-based solution, since it is the basis for both UE and network methods.
Proposal 2: It is proposed to agree on the S1 alternative for the subsequent connections in UE-based method. 
Proposal 3: It is proposed to discuss whether, in addition to an UE-based method, a 3GPP network-based method based on mapping between the UE selected 3GPP PLMN ID and the operator derived CDMA2000 network could be beneficial to operators, and if the answer is yes, to agree that the UE-based network method should be designed to ease network-based extensions. 
Proposal 4: It is proposed to agree that in the 3GPP network-based method, the operator derived CDMA2000 network is provided to the UE via NAS layer e.g. in the Attach/TAU Accept messages. 
Proposal

It is proposed 
· to agree on the above technical proposals;

· to decide the release for UE-based method;
· to decide whether network-based method is necessary and the release in which it should be introduced;

· and to liaise back to RAN2 cc CT1 and RAN3 on these bases. 
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