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1 Introduction
Currently, Rel-8/Rel-9 CSFB requires strict mapping TA/LA which means the operators need to devote significant effort in order to know which LA should be associated with each E-UTRAN cell. 
But how to detect the "correct" LA for a LTE cell is not stated clearly in current specification. As proposed in [1], in section 4.2, the solution is to use the mobile to assist in this process, which really helps MME improve the correctness of the tables of “E-UTRAN Cell ID to LAI”. However, this solution may work only when mobility from 2G/3G occurs, which may only occur in LTE-2G/3G boundaries. 
So it may be beneficial to further consider the concept/solution proposed in [1] to see whether some additional improvement can be also done.
2 Discussion
· PS HO based CSFB procedure

When looking back at PS HO based CSFB procedure, the serving eNB is required, e.g. based on measurement procedure, to sort out the target cell of target 2G/3G network and consequently it inherently knows the new LAI, on which the UE will choose to camp. Also, MME can easily sort out the new LAI based on Target ID of Handover Required sent by eNB. So, the MME can update the stored tables of “E-UTRAN Cell ID to LAI” and then MME can use this table to do a more correct mapping in the future, e.g. when UE returns back to E-UTRAN after finishing voice call in 2G/3G.
However, MME can also compare the new LAI (on which the UE will choose to camp) with the stored LAI mapped by MME to check whether the two LAIs are same or not. 
1) If the two LAIs are the same, the normal CSFB procedure will be executed. 

2) If the two LAIs are not the same, the LAU will be executed anyway and an additional call delay will be added when the UE retune to 2G/3G. In this case, one possible optimization is that MME can update SGs based on the new LAI in case of no MSC change or, in case of MSC change, switch the SGs from the old MSC (which is based on the stored LAI) to the new MSC (which is based on the new LAI derived from Target ID). 
At the same time, MME update the stored LAI with the new LAI and inform the UE of the new LAI and the newly allocated TMSI e.g. using GUTI reallocation procedure as specified in section 5.3.7 of 23.401. Alternatively, the UE can always use the IMSI for CM Service Request or Paging Response message to the MSC/VLR and then MME does not need to inform the UE of the new LAI and the associated TMSI. Here we prefer the former one i.e. extending GUTI reallocation procedure but are open to hear other's comments.
Please note that all this procedure can be executed in parallel to PS HO preparation procedure without adding any additional call delay.  
· NACC based CSFB procedure

When it comes to NACC based CSFB, the serving eNB is required, e.g. based on measurement procedure, to sort out the target cell and consequently it inherently knows the new LAI, on which the UE will choose to camp. 
However, compared to PS HO based CSFB procedure, eNB only need to communicate with target GERAN/UTRAN to fetch the System information of the determined cell of target GERAN/UTRAN and dose not need to communicate with the MME with the "Target ID", which means the MME has no way to compare the new LAI of target cell with the stored LAI. Consequently, in case of LA change, the LAU can not be executed in parallel to NACC procedure.
One alternative solution is that eNB signal the "target ID" to the MME, allowing the MME to compared the two LAIs, just as for PS HO based CSFB. However, this functionality requires a new S1-AP message pairs or to extend HANDOVER REQUIRED as following:
HANDOVER REQUIRED is extended to add a new cause value e.g. CS Fallback Triggered with NACC.  

When receiving HANDOVER REQUIRED with the new cause value " CS Fallback Triggered with NACC ", the MME realizes this message is not intended to initiate PS HO procedure but only to request the MME to compare the new LAI from the "target ID" with the stored LAI to see whether or not to update SGs interface. The MME sends back HANDOVER PREPARATION FAILURE to eNB since no PS HO will be initiated at all. 
· RRC Release procedure

Currently, the RRC Release sent by eNB to UE only includes the redirected RAT/frequency information but without the cell information. However, as discussed in [2] and [3], even for RRC Release procedure, eNB is required to sort out the target cell of GERAN/UTRAN, allowing eNB to inform UE of the system information of target cell, on which the UE will choose to camp. How to determine the target cell is up to network implementation e.g. based on measurement procedure or a blind handover (same location, same antenna's).
If the RRC Release procedure is updated as suggested in [2] and [3], the eNB can also inform the MME of the "target ID", allowing the MME to compared the two LAIs, just as for NACC or PS HO.
3 Analysis
· Performance & UE implementation 
As discussed in section 2, this enhanced solution is to use not only the mobile but also the serving eNB to assist in this process, which brings the following benefits:

1) Reducing call setup delay in TA/LA boundaries
Even with Location Update procedure, the additional call delay will be minimized to some extent as the Location Update is to be executed in parallel to inter-RAT processing e.g. totally in parallel to PS HO preparation procedure. 
In more detail, in case of LA change but without MSC change, the MME only need to update SGs and inform the UE of its newly allocated TMSI and the new LAI. These procedures could be executed in parallel to inter-RAT processing and will not add delay to call setup. 

However, in case of LA & MSC change, the Roaming Retry procedure has to be executed and still add delay to the MT call setup as Roaming Retry procedure will take a long time (although it can be executed in parallel to inter RAT processing and can improve the performance of call setup to some extent compared to the original one in case of MSC change). 
Also, as discussed in [1], section 3, with Location Update in GERAN/UTRAN, additional authentication in GERAN/UTRAN will probably be initiated as the MSC can not distinguish between a mobile performing a CSFB related LA update and a normal movement based LA update, which will adds more delay to call setup.
But with Location Update in parallel to inter RAT processing, the MSC can rely on authentication of E-UTRAN and do not need to trigger authentication via SGs.

So, in a word, with this kind of CSFB enhancement, it not only provides almost the same performance and add no delay to call setup even in case of only LA change without MSC change but also improves the performance in case of LA & MSC change.
2) Simple UE implementation 

when accessing GERAN/UTRAN, as the E-UTRAN network will automatically correct the TA/LA misalignment in case TA/LA misalignment occurs, the UE does not need to determine whether or not it enters a new LA and whether or not LAU needs to be executed and instead directly sends CM Service Request or Paging Response message to the MSC/VLR.
3) Improving the correctness of the tables of “E-UTRAN Cell ID to LAI”
During CSFB procedure, eNB informs MME of the LAI of target cell in time, which provides the exactly accurate the “E-UTRAN Cell ID to LAI” and helps MME perform strict TA/LA mapping. 
· Network planning & design 
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Figure 3-1 TA/LA mapping

As shown in Figure 3-1, TA2/TA3/TA4/TA5 is roughly overlapping with the Location areas of MSC2 e.g. LA1/LA2/LA3:
In case of Rel-8/Rel-9 CSFB, TA2, TA3 should be mapped (roughly) to LA3, LA1 or LA2, respectively. However the likelihood of additional LAU is still relatively high, especially for the UE located in TA3. Consequently the operators have to devote significant effort in order to adjust the Tracking Area or Location Area, in order to have better TA/LA alignment.
However, with CSFB enhancement as discussed in section 2, it seems that it does not matter whether TA3 is mapped to LA1 or LA2 as the MME is able to dynamically correct the TA/LA misalignment by comparing the LAI of the target cell received from eNB with the stored LAI. Also, it seems we do not need to map TA3 to LA1 or LA2 and we can just freely map TA3 to any other LA of MSC2, thanks to dynamically correcting TA/LA misalignment.
Furthermore, thanks again to dynamically correcting TA/LA misalignment, we can even map TA3 to any other LA of MSC1 rather than MSC2. But this kind of mapping inevitably leads to MSC change for both MO CSFB and MT CSFB, which may have no impact on MO CSFB while still add delay to the MT call setup as Roaming Retry procedure will take a long time (although it can be executed in parallel to inter RAT processing). 
According to the discussion above, when CSFB is initially deployed for E-UTRAN, the operator only needs to devote the following effort: 
1) Given the MSC (roughly) overlap the TA, it only requires MME to roughly align the TA to anyone of Location areas of that MSC, e.g. as shown in Figure 3-1, TA3 is mapped to LA1 or LA2 or LA 3 or any other LA x of the MSC2.
2) Or, given the TA (roughly) overlap the LA of one MSC, it only requires MME to roughly align the TA to the LA, e.g. TA2, TA3 is roughly mapped to LA3, LA1 or LA 2.

3) Or MME freely aligns any TA to any LA, e.g. TA2 is roughly mapped to anyone of LA of MSC1 or MSC2.
After the initial configuration, thanks to dynamically correcting TA/LA misalignment mechanism (i.e. using the mobile as proposed in [1] as well as eNB to assist in this process), the MME is able to automatically correct the TA/LA misalignment as well as update the tables of “E-UTRAN Cell ID to LAI” e.g. by inserting new one or improving the correctness of the existed one. 
Please note that in real world, we would like to recommend adopting 1) and 2) in initial CSFB deployment as 3) inevitably results in MSC change and consequently adding delay to call setup before MME learns enough TA/LA mapping information to get well educated. 

At the same time, 1) and 2) does not require operators to devote significant effort to the network planning & design. However this is highly dependent on operator's policy and we are not intended to preclude the use of 3) in real world.
So, based on the above discussion, dynamically correcting TA/LA misalignment mechanism does not require operators to devote significant effort to network planning & design but provides decent performance, especially after MME is well educated.
In general, with the CSFB optimization, the following benefits can be achieved:

1) Reducing call setup delay in TA/LA boundaries
Not only provide almost the same performance and add no delay to call setup even in case of only LA change without MSC change but also improve the performance in case of LA & MSC change.
2) Simple UE implementation 

3) Improving the correctness of the tables of “E-UTRAN Cell ID to LAI”
4) Simple Network planning & design 

4 Conclusion
It is proposed that SA2 discuss this proposal and agree that the eNB can help detect the “correct” LAI for an LTE cell and furthermore liaise with CT1 and RAN 3.
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Annex
Copied from 36.413
9.1.5
Handover Signalling Messages

9.1.5.1
HANDOVER REQUIRED

This message is sent by the source eNB to the MME to request the preparation of resources at the target.

Direction: eNB ( MME.

	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	9.2.1.1
	
	YES
	reject

	MME UE S1AP ID
	M
	
	9.2.3.3
	
	YES
	reject

	eNB UE S1AP ID
	M
	
	9.2.3.4
	
	YES
	reject

	Handover Type
	M
	
	9.2.1.13
	
	YES
	reject

	Cause
	M
	
	9.2.1.3
	
	YES
	ignore

	Target ID
	M
	
	9.2.1.6
	
	YES
	reject

	Direct Forwarding Path Availability
	O
	
	9.2.3.15
	
	YES
	ignore

	SRVCC HO Indication
	O
	
	9.2.1.59
	
	YES
	reject

	Source to Target Transparent Container
	M
	
	9.2.1.56
	
	YES
	reject

	Source to Target Transparent Container Secondary
	O
	
	Source to Target Transparent Container 9.2.1.56
	
	YES
	reject

	MS Classmark 2
	C-

ifSRVCCtoGERAN
	
	9.2.1.64
	
	YES
	reject

	MS Classmark 3
	C-

ifSRVCCtoGERAN
	
	9.2.1.65
	
	YES
	ignore


	Condition
	Explanation

	ifSRVCCtoGERAN
	This IE shall be present if the Handover Type IE is set to the "Value" LTEtoGERAN and the SRVCC HO Indication IE is present.


9.2.1.6 Target ID

The Target ID IE identifies the target for the handover. The target ID may be e.g. the target Global eNB-ID (for intra SAE/LTE), the RNC-ID (for SAE/LTE-UMTS handover) or the Cell Global ID of the handover target (in case of SAE/LTE to GERAN A/Gb mode handover).

	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Choice Target ID
	
	
	
	
	-
	

	>Target eNB-ID
	
	
	
	
	
	

	>> Global eNB ID
	M
	
	9.2.1.37
	
	
	

	>> Selected TAI
	M
	
	TAI

9.2.3.16
	
	
	

	>Target RNC-ID
	
	
	
	
	-
	

	>>LAI
	M
	
	9.2.3.1
	
	-
	

	>>RAC
	O
	
	9.2.3.2
	
	-
	

	>>RNC-ID
	M
	
	INTEGER (0..4095)
	If the Extended RNC-ID IE is included in the Target ID IE, the RNC-ID IE shall be ignored.
	-
	

	>>Extended RNC-ID
	O
	
	9.2.1.14
	The Extended RNC-ID IE shall be used if the RNC identity has a value larger than 4095.
	
	

	>CGI
	
	
	
	
	-
	

	>> PLMN identity
	M
	
	OCTET STRING (SIZE (3))
	- digits 0 to 9, encoded 0000 to 1001,

- 1111 used as filler digit,

two digits per octet,

- bits 4 to 1 of octet n encoding digit 2n-1

- bits 8 to 5 of octet n encoding digit 2n

-The PLMN identity consists of 3 digits from MCC followed by either 
-a filler digit plus 2 digits from MNC (in case of 2 digit MNC) or 
-3 digits from MNC (in case of a 3 digit MNC).
	-
	

	>> LAC
	M
	
	OCTET STRING (2)
	0000 and FFFE not allowed.
	-
	

	>>CI
	M
	
	OCTET STRING (2)
	
	-
	

	>>RAC
	O
	
	9.2.3.2
	
	
	


9.2.1.3
Cause

The purpose of the Cause IE is to indicate the reason for a particular event for the S1AP protocol.

	IE/Group Name
	Presence
	Range
	IE Type and Reference
	Semantics Description

	CHOICE Cause Group
	M
	
	
	

	>Radio Network Layer
	
	
	
	

	>>Radio Network Layer Cause 
	M
	
	ENUMERATED
(Unspecified,

TX2RELOCOverall Expiry, 

Successful Handover,

Release due to E-UTRAN Generated Reason, 
Handover Cancelled, Partial Handover, Handover Failure In Target EPC/eNB Or Target System,

Handover Target not allowed,

TS1RELOCoverall Expiry,

TS1RELOCprep Expiry,

Cell not available,,

Unknown Target ID,

No Radio Resources Available in Target Cell, Unknown or already allocated MME UE S1AP ID,

Unknown or already allocated eNB UE S1AP ID,

Unknown or inconsistent pair of UE S1AP ID, Handover desirable for radio reasons,

Time critical handover,

Resource optimisation handover,

Reduce load in serving cell, User inactivity,

Radio Connection With UE Lost, Load Balancing TAU Required, CS Fallback Triggered,

UE Not Available For PS Service, Radio resources not available,

Failure in the Radio Interface Procedure, 

Invalid QoS combination, Inter-RAT redirection,

Interaction with other procedure, Unknown E-RAB ID, Multiple E-RAB ID instances, Encryption and/or integrity protection algorithms not supported, S1 intra system Handover triggered, S1 inter system Handover triggered, X2 Handover triggered
…,

Redirection towards 1xRTT)
	

	>Transport Layer
	
	
	
	

	>>Transport Layer Cause
	M
	
	ENUMERATED
(Transport Resource Unavailable,

Unspecified,
...)
	

	   > NAS
	
	
	
	

	>> NAS Cause
	M
	
	ENUMERATED (Normal Release,

Authentication failure,

Detach,
Unspecified, 

…)
	

	>Protocol
	
	
	
	

	>>Protocol Cause
	M
	
	ENUMERATED
(Transfer Syntax Error,
Abstract Syntax Error (Reject),
Abstract Syntax Error (Ignore and Notify),
Message not Compatible with Receiver State,

Semantic Error,

Abstract Syntax Error (Falsely Constructed Message), Unspecified,...)
	

	>Misc
	
	
	
	

	>>Miscellaneous Cause
	M
	
	ENUMERATED
(Control Processing Overload, Not enough User Plane Processing Resources,
Hardware Failure,
O&M Intervention,
Unspecified, Unknown PLMN, ...)
	


The meaning of the different cause values is described in the following table. In general, "not supported" cause values indicate that the related capability is missing. On the other hand, "not available" cause values indicate that the related capability is present, but insufficient resources were available to perform the requested action.
	Radio Network Layer cause
	Meaning

	Unspecified
	Sent for radio network layer cause when none of the specified cause values applies

	TX2RELOCOverall Expiry 
	The timer guarding the handover that takes place over X2 has abnormally expired.

	Successful Handover
	Successful handover.

	Release due to E-UTRAN generated reason
	Release is initiated due to E-UTRAN generated reason.

	Handover Cancelled
	The reason for the action is cancellation of Handover

	Partial Handover
	Provides a reason for the handover cancellation. The HANDOVER COMMAND message from MME contained E-RABs to Release List IE and the source eNB estimated service continuity for the UE would be better by not proceeding with handover towards this particular target eNB.

	Handover Failure In Target EPC/eNB Or Target System
	The handover failed due to a failure in target EPC/eNB or target system.

	Handover Target not allowed
	Handover to the indicated target cell is not allowed for the UE in question.

	TS1RELOCoverall Expiry
	The reason for the action is expiry of timer TS1RELOCoverall.

	TS1RELOCprep Expiry
	Handover Preparation procedure is cancelled when timer TS1RELOCprep expires.

	Cell not available
	The concerned cell is not available.

	Unknown Target ID
	Handover rejected because the target ID is not known to the EPC.

	No radio resources available in target cell
	Load on target cell is too high.

	Unknown or already allocated MME UE S1AP ID
	The action failed because the MME UE S1AP ID is either unknown, or (for a first message received at the eNB) is known and already allocated to an existing context.

	Unknown or already allocated eNB UE S1AP ID
	The action failed because the eNB UE S1AP ID is either unknown, or (for a first message received at the MME) is known and already allocated to an existing context.

	Unknown or inconsistent pair of UE S1AP ID
	The action failed because both UE S1AP IDs are unknown, or are known but do not define a single UE context.

	Handover Desirable for Radio Reasons
	The reason for requesting handover is radio related.

	Time Critical Handover
	handover is requested for time critical reason i.e. this cause value is reserved to represent all critical cases where the connection is likely to be dropped if handover is not performed.

	Resource Optimisation Handover
	The reason for requesting handover is to improve the load distribution with the neighbour cells.

	Reduce Load in Serving Cell
	Load on serving cell needs to be reduced.

	User Inactivity
	The action is requested due to user inactivity on all E-RABs e.g. S1 is requested to be released in order to optimise the radio resources.

	Radio Connection With UE Lost
	The action is requested due to loosing the radio connection to the UE.

	Load Balancing TAU Required
	The action is requested for all load balancing and offload cases in the MME.

	CS Fallback triggered
	The action is due to a CS fallback that has been triggered


	UE Not Available for PS Service
	The action is requested due to a Cell Change Order that has been triggered

	Radio resources not available
	No requested radio resources are available

	Invalid QoS combination
	The action was failed because of invalid QoS combination. 

	Inter-RAT Redirection
	The release is requested due to inter-RAT redirection.

	Failure in the Radio Interface Procedure
	Radio interface procedure has failed 

	Interaction with other procedure
	The action is due to an ongoing interaction with another procedure

	Unknown E-RAB ID
	The action failed because the E-RAB ID is unknown in the eNB

	Multiple E-RAB ID Instances
	The action failed because multiple instance of the same E-RAB had been provided to the eNB

	Encryption and/or integrity protection algorithms not supported
	The eNB is unable to support any of the encryption and/or integrity protection algorithms supported by the UE.

	S1 Intra system Handover triggered
	The action is due to a S1 intra system handover that has been triggered.

	S1 Inter system Handover triggered
	The action is due to a S1 inter system handover that has been triggered.

	X2 Handover triggered
	The action is due to a X2 handover that has been triggered.

	Redirection towards 1xRTT
	The release is requested due to redirection towards a 1xRTT system.
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