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1
Introduction
1x Circuit Switched Fallback (1xCSFB) was introduced in Release 8 and enhanced in Release 9.  1xCSFB allows an LTE operator to provide voice services by moving the UE to a CDMA2000 system when the UE receives a voice page or UE originates a voice call.  Some of the operators deploying LTE have an existing base of CDMA 2000 femtocells. The operators will want to leverage this existing base of CDMA2000 femtocells during 1xCSFB to continue offloading traffic from their macro CDMA2000 network or to take advantage of the enhanced coverage provided by the CDMA2000 femtocells.  

As an example use-case, consider the following scenario.  A user with CDMA2000 femtocell at home purchases a LTE smartphone.  When the user is at home, there are several compelling reasons for the voice call to be completed over the CDMA2000 femtocell at home instead of over the macro CDMA2000 system. These include improved coverage, offloading of traffic from macro and the possibility of reduced tariffs over the femtocell.
2
Discussion
Suppose a UE has list of preferred CDMA2000 femtocells in which it can get service.  The problem of moving the UE to its preferred CDMA2000 Femtocell for 1xCSFB is complicated due to the following reasons
1. Not all UEs may have subscription to get access on the deployed base of femtocells.  I.e movement to femtocell should be selectively applied.
2. The femtocells could be deployed in one of more frequencies.   

3. The LTE eNB may not have one or more of the following set of information 

a. Is a given UE subscribed to get service on the CDMA2000 femtocells under its footprint? 

b. What are the frequencies and PNs used by CDMA2000 femtocells under its footprint?
c. What are the frequencies and PNs used by a UE’s preferred femtocell?  

In this discussion paper, we provide a solution that allows a LTE operator to move a UE to its preferred femtocell as part of the 1xCSFB procedure when the UE is within range of one.  The goal is to achieve this without increasing the call setup delay, failure probability or affecting the performance of UEs that do not have subscription to femtocells.  

2.1 Proposed Solution
The basic ideas behind the solution are

1. The UEs have a fingerprint that allows them to detect that they are entering/leaving the vicinity of a preferred femtocell.  For instance, this fingerprint can be a list of LTE macro physical cell IDs from which the UE was able to access the preferred femtocell in the past.  
2. The ProximityIndication RRC message is enhanced to allow a UE to inform the eNB that it is in the vicinity of a preferred CDMA2000 femtocell 
The call flow for the proposed solution is shown in Figure 1.
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Figure 1:  UE moved to Preferred Femtocell to complete 1xCSFB
1. UE is EUTRAN Attached and registered with CDMA2000 network through S102.  The UE has informed the EUTRAN that is capable of e1xCSFB and capable of reporting CDMA2000 proximity indication (a new addition to U capability message listed in accompanying 36.306 CR)
2. User originates a voice call

3. The UE begins RACH procedure to send ESR

4. UE sends RRC Connection setup complete message with ESR indicating it is for MO CSFB

5. The eNB transports ESR to MME in Initial UE message

6. The MME responds with an Initial Context setup request message that informs the eNB that the UE has come on connection for a CSFB procedure

7. The eNB sends a RRCConnectionReconfiguration message that contains the measurement object with 1x macro frequencies and reportProximityConfig enabled

8. The UE responds with a RRCConnectionReconfiguration complete

9. The eNB responds to step 6 with an Initial Context Setup Response

10. Based on a previously learned fingerprint, the UE detects it is within vicinity of its preferred femtocell.  Hence, it responds to the reportProximityConfig by sending a ProximityIndication message that specifies that it has entered the preferred CDMA2000 femtocell on frequency f1
11. Upon receiving the ProximityIndciation, the eNB sends a RRCConnectionReconfiguration that installs the frequency f1 in the measurement object with periodic reporting trigger.  The eNB can remove the macro frequencies from the measurement object.
12. The UE sends a measurement report with signal strength on f1

13. Based on measurement report, the eNB determines that the UE is sufficiently close to its preferred femtocell.  Hence, it sends a Redirection message redirecting the UE to the preferred femtocell’s frequency
14. The UE moves to the CDMA2000 femtocell & completes the call

The call flow in Figure 2  depicts the scenario where the UE is not within range of its preferred femtocell.  In this case, the UE does not send the ProximityIndication.  As a result, the eNB and UE engage in the normal e1xCSFB call flow and the UE gets moved to a macro CDMA2000 system to complete the 1xCSFB call.
Depending on the amount of information available at the eNB, the eNB can take two approaches

Case 1:  eNB does not know which UEs have a femtocell subscription. In this case when eNB receives a CSFB indicator from MME it configures reportProximityConfig if the UE has indicated support for cdma2000-ProximityIndication in the capability message.  UEs without femtocell subscription will always fallback to the call flow in Figure 2.

Case 2:  eNB knows which UEs have femtocell subscription, but does not know the preferred femtocell of a given UE.  In this case, when the eNB receives a CSFB indicator from the MME it configures a reportProximityConfig if the UE has indicated support for cdma200-ProximityIndication and is known to have a femtocell subscription.  UEs that are in the vicinity of their preffered femtocell will fallback to call flow in Figure 1.  UEs not in the vicinity of their preferred femtocell will fallback to call flow in Figure 2.


[image: image2.emf]LTE 

stack

eNodeB

MME

1xCS

IWS

1xRTT

BSC

6. S1-UE Initial Context Setup 

Request (CSFallback indicator)

4. RRC Connection Setup 

Complete(Extended Service 

Request(MO CSFB))

1xRTT 

MSC

18. UE tunes to 1xRTT and resumes with 3GPP2 specific procedure.

23. S1 UE context Release Request(Cause = CSFB)

23.Suspend Reqeust/Ack

1x Stack

UE

S-GW

10. MeasurementReport

5. Initial UE message(Extended 

Service Request(MO CSFB))

9. S1-UE Initial Context 

Setup Response 

13. S1: UL CDMA2000 

Tunneling(GCSNA( 

ORM), Pilot List)

14. A21-1x Air interface 

Signaling(GCSNA(OR

M),PilotList)

16. S1: DL CDMA2000 

Tunelling(GCSNA 

(UHDM), HO success)

11. HO from EUTRA prep 

Request(3G1x parameter, RAND)

12. UL Handover Preparation 

Transfer(MEID, GCSNA(ORM))

15. 1x Traffic Assignment

15. A21-1x Air interface 

Signaling(GCSNA(UHDM), 

GCSNA Status=HO 

Success)

17. Mobility from 

EUTRACommand(UHDM)

7. RRCConnectionReconfiguration 

(MeasurementConfiguration IE, 

reportProximityConfig)

8. RRCConnection 

Reconfiguration Complete

1x 

Parameters

GCSNA(ORM)

1. UE is E-UTRAN attached and registered with 1xRTT CS.  UE indicates to LTE network that it supports e1xCSFB procedure.

2. User originates a

voicecall 

GCSNA(UHDM)

3. RACH


Figure 2:  UE is not in vicinity of preferred femtocell & moved to CDMA2000 Macrocell during 1xCSFB

3
Conclusions 

In this document we addressed a possible solution to move a UE from LTE macro network to a CDMA2000 femtocell as part of the 1xCSFB procedure. In order to introduce such support, CRs to 36.331 and 36.306 are submitted in this meeting in R2-122434 and R2-122435.
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