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1
Introduction

This paper is to evaluate all solutions in TR 23.772 and make a comparison.
2
Discussion

As the objective of eCSFB is to investigate and describe how the CSFB procedures can be enhanced or improved for shortening the CSFB call setup time, we therefore first analyse the call setup time improvement and then and network impact and UE impact.

2.1    Solution 1 – SRVCC based eCSFB
2.1.1   Call setup time improvement 
SRVCC based eCSFB triggers the SRVCC Handover procedure during the CSFB procedure. 
According to lab/field test, SRVCC based eCSFB can provide an even shorter call-setup time than a native 2/3G CS call. E.g. LTE->GSM SRVCC based eCSFB only takes about 4-5 seconds compared to10-12 seconds for the normal LTE->GSM redirection based CSFB. These numbers are for the case that both MO user and MT user are camping on LTE and are using CSFB. 
The delay reduces due to avoiding certain RR procedures (e.g. Classmark Query and security mode command) or are performed already in the preparation phase (e.g. channel assignment) and as signalling procedures run via fast signalling channel in GERAN case, i.e. the eCSFB uses an FACCH (Fast associated control channel) rather than the typically used SDCCH (standalone dedicated control channel), which shortens the transfer delay for signalling messages.
2.1.2   Network impact 
SRVCC based eCSFB is intending to reuse SRVCC HO to speed up the call setup time for CSFB and needs only minor update of eNB/MME/SRVCC-MSC. 
Similar to VoLTE/SRVCC, operator could choose to update only one SRVCC-MSC as deploy it as a proxy MSC to avoid the impact on other legacy MSCs.
It drastically reduces the efforts for configuring 2G/3G LA boundaries into LTE RAN, which legacy CSFB typically applies for avoiding service impact/delay from extra LAU or MSC change procedures.
2.1.3   UE impact 
SRVCC based eCSFB only requires UE to support CSFB and SRVCC features and there is no need of an IMS stack. In other words, SRVCC based eCSFB only requires the UE to support CSFB and SRVCC and has no interaction with the IMS stack.
Please see the details from paper S2-144164.
2.1.4   Evaluation  
SRVCC based eCSFB fulfils the requirement with reasonable effort on added functionality, specifically by using functionality that is needed anyhow when SRVCC gets deployed. 
Also, this solution works with legacy UEs.
The solution also reduces average call setup delay in non ideal LTE RAN configurations where additional LAU or MSC changes happen when TA boundaries are not reasonable matching LA boundaries. Such scenarios happen e.g. when there is no sufficient experience yet to do all these configurations, when RAN topologies don’t easily match or also when one LTE PLMN provides service to multiple 2G/3G PLMNs which may allow for a unique mapping with only one of the 2G/3G PLMNs.
2.2
Solution 2 – SRVCC based eCSFB with proper CS resource allocation
2.2.1   Call setup time improvement 
The idea is quite same with solution 1 and only proposes to enhance the handling of supplementary service. Therefore the call setup time is same with the solution 1.
2.2.2   Network impact 
Compared to solution 1, solution 2 has some additional updates on eNB/MME/SRVCC MSC to have a smart handling of supplementary service.
2.2.3   UE impact 
There is a UE impact for MO, but the MT approach could be considered as an enhancement for solution 1 as it has no UE impact. 
2.2.4 
Evaluation 
This is optimizing solution 1 for some corner cases as the main usage of CSFB is for voice. Even with solution 1 triggering SRVCC for supplementary service, there is only allocation of resource during very short time as SRVCC based CSFB call setup time is very short, about 1- 2 seconds ( for standalone MO handling or MT handling, please see the Annex for the details). 
Doing SRVCC always may also reduce average time for non-voice/video as it avoids delay in cases where the UE changes to a different MSC. Furthermore, when handing over to 3G, MSC figures out non-voice call type (e.g. based on CM service Request) and then releases CS bearer. With this, there will be only several hundred milli-seconds unnecessary resource usage.
The MT approach could be considered as an enhancement for solution 1 as it has no UE impact. However, in average the gain might be low as MT non-voice is much less likely than such MO transactions.
As the objective of eCSFB is to investigate how the CSFB can be improved for shortening CSFB call setup time without impact on UE, it is proposed to not consider this solution further.
2.3    Solution 3 –Enabling target cell(s) system information provision 
2.3.1   Call setup time improvement 
No Call setup improvement as the solution is the same as Rel-9 CSFB, i.e. it is Rel-9 CSFB from call setup performance point of view.
2.3.2   Network impact 
There is no enhancement proposed for the Rel-9 solution for call setup performance improvement. The solution just states: “The usage of RRC connection release with redirection and multi cell system information to GERAN/UTRAN reduces the duration of the CSFB procedure.” It remains unclear compared to what there should be a reduction. As it is the Rel-9 solution, the issues of that solution remain: it requires excessive configuration effort in eNB i.e. configure neighbour 2/3G SIB in eNB and all the mappings between cells, when wanted to avoid RIM. Also seems there no standardised RIM approach available to do more than getting system info, but the effort on establishing cell mappings is the same.
2.3.3   UE impact 

No UE impact.
2.3.4   Evaluation  
Excessive configuration effort is required in eNB. 

Operators have to be very careful to handle any change of 2/3G SIB information. If System information is configured in eNB by O&M, any modifications of the system information needs to be provisioned in both GERAN/UTRAN and E-UTRAN
This solution does not improve the call setup time compared to Rel-9 CSFB and so it doesn’t satisfy the scope of the WID.  

2.4    Solution 4 – UE radio capabilities consideration during PLMN and RAT selection 
2.4.1   Call setup time improvement 
Call setup improvement is not provided for general cases. Minor improvement might be achieved in corner case where some UEs (e.g. roamers) do not support the visited operators’ RATs.
2.4.2   Network impact 
This solution has impact on eNB/MME.

Also, this solution requires updates of the eNB configuration and the UE capability match procedure to allow per Target PLMN UE capability match.
2.4.3   UE impact 

No UE impact.
2.4.4   Evaluation  
The solution is not a general one and restricted to two specific deployment scenarios. 1) CSFB with multiple connected 2G/3G PLMNs and 2) CSFB to 2G or 3G is possible and the UE supports only one of the two RATs. 
For 1) the RAN cannot know which of the connected PLMNs would serve the UE. Only the MME can find out during SGs registration, which of the connected PLMNs serves the UE. And only CSFB with HO may bring the UE safely to the registered CS PLMN. For RRC release the solution doesn’t help as selection from multiple available PLMNs doesn’t depend on UE capabilities.

But when using CSFB with HO there is no need for the capability checking of this solution as the eNB has and uses capability information during HO.

For 2), typically all UEs support the RATs of their home PLMN. Just some roamers might not. The operator may configure the preferred RAT for CSFB in his PLMN for lowering the chance of CSFB issues, e.g. preference of CSFB to the RAT with the better coverage. 
So any extra functions to look at UE RAT support seem redundant. The problem of roamers with UEs that don’t support RATs may be avoided by using CSFB with HO as CSFB with HO obviously considers already radio capabilities, so that deploying CSFB options with HO avoid any such problem and also any need for such a solution.
From above considerations in can be derived that there are not any gains to expect from considering UE capabilities other than already done in existing CSFB procedures.
2.5
Solution 5 - Optimised CSFB Procedure
2.5.1 
Call setup time improvement

It will skip or lower the frequency of AKA/Identity check/TMSI Reallocation procedure. Skipping AKA procedure will reduce about 500-600ms. And for Identity Check and TMSI Reallocation, there is a limited gain for call setup time reduction.
2.5.2
Network Impact

It has impacts on MSC/VLR to skip security procedures. And also this solution cannot work in some scenarios, e.g. when MSC changed during CSFB execution.
2.5.3
UE Impact

There is no UE impact.
2.5.4
Evaluation
This solution has limited impact on existing CN nodes and also does not have UE impact, but it has a limited gain because it only skips the AKA procedure for call setup reduction.

Also this solution cannot work in some scenarios where MSC has no CS key, like after MSC change or when the MSC had no direct signalling with UE yet after SGs registration. Further is re-authentication preferable when there were no UE – MSC interaction for long. So any reductions depend on operator preferences on how frequent to do re-authentication and perhaps also on how frequent individual users have calls.
2.6    Solution 6 –SRVCC based eCSFB Solution with IMS-#I  
2.6.1   Call setup time improvement 
Call setup improvement is unclear as the UE has to setup first a VoLTE call on LTE side and then trigger aSRVCC HO procedure to switch the UE to GERAN/UTRAN.
2.6.2   Network impact 
Has impact on MME/eNB/MSC/P-CSCF. It requires to deploy almost a complete IMS with modifications just for providing preconditions for an SRVCC in alerting phase.
2.6.3   UE impact 

Requires the UE to support IMS stack as well as aSRVCC and CSFB.
It has UE impact as this solution cannot work with legacy UE without supporting aSRVCC and IMS. 
When making a call, UE has to take the network and itself alerting SRVCC or pre-alerting SRVCC capability into account to perform domain selection i.e. the UE first have to check whether UE and network supports SRVCC in alerting or pre-alerting SRVCC:
a) If the UE and network both supports alerting SRVCC or pre-alerting SRVCC, it works as solution 6 describes, i.e. IMS registration and IMS call initiation and then aSRVCC to have voice service in 2G/3G.
b) However, if either UE or network does not support alerting SRVCC or pre-alerting SRVCC, the UE has to perform combined attach but IMS registration and then use CSFB to have the voice service as alerting SRVCC or pre-alerting SRVCC will fail anyway even if it is network initiated.
2.6.4   Evaluation  
The solution has UE impact and cannot work with legacy UE without supporting aSRVCC or IMS stack.

Furthermore, the solution requires the operator to deploy major part of IMS and aSRVCC and furthermore requires UE to support IMS stack as well as aSRVCC and CSFB.
2.7
Solution 7 - CS security key derivation for CSFB
2.7.1 
Call setup time improvement

According to tests, skipping AKA procedure will bring about 500-600ms benefit. There are no other steps skipped or optimised
2.7.2
Network Impact

It has impacts on MME/MSC to make MME deriving CS domain security keys from LTE PS keys and used by MSC without a AKA procedure, while for some cases. .
Further it requires to deploy functionality for support of multiple PLMNs connected to MME.

2.7.3
UE Impact

The solution doesn’t describe the UE behaviour, which is however needed for being able to evaluate. There are probably to alternatives for the UE behaviour: either the UE gets new functionality for this and therefore doesn’t satisfy WID requirements. Or as another alternative, the solution tries to use part of the SRVCC procedure where it might be possible to get a solution without UE changes.
For the former one, even when it is assumed that a non-SRVCC capable UE can do that without SRVCC Handover procedure, the UE may have to indicate its capability of deriving CS domain security keys from LTE PS keys during CSFB procedure to MME/MSC to help MSC decide:
a) skip AKA and instead send Security Mode Command directly 
b) or trigger AKA procedure and then send Security Mode Command. 

If the UE does not support this capability and MSC directly sends Security Mode Command in integrity and ciphering protected. The UE cannot decode Security Mode Command and consequently the call fails.
For the latter alternative, , even the UE is SRVCC capable and it is however unclear whether it can really work without UE impact, i.e. whether a UE would just derive CS from PS keys based on an SRVCC specific indication in HO Command when there is no CS RAB allocation provided in the HO Command.

2.7.4
Evaluation
This solution is incomplete. When the solution tries to use part of SRVCC in UE for deriving CS from PS keys the MME may need to manipulate the RRC HO Command, which is a severe impact for the MME to manipulate the AS functionality.

The described solution option without HO is not operable at all as only a HO Command may trigger the UE to derive CS keys.
Even it is assumed that a UE can do that, the UE may have to indicate its SRVCC capability to the network.

If it is considered to progress CT1 and possibly RAN2 may need to verify whether derivation of CS keys is possible without providing a CS RAB allocation to the UE in HO Command.

With all these AS manipulations by MME, if feasible, it has only limited gain because it only skips AKA procedure for call setup reduction.
3
Conclusion 
It is proposed to add the following analysis to the eCSFB TR 23.772:
***************** First of changes **********************
5.Z
Overall evaluation
Editor's note:
Use this section for evaluation of all solutions.
The objective of eCSFB is to investigate how the CSFB can be improved for shortening CSFB call setup time without impact on UE and therefore the evaluation mainly focuses on CSFB call setup time improvement and UE impact. 
Also, we should take into account that improving CSFB call setup time is worth the trade off with network impact and evolution to VoLTE/SRVCC (as this will save operator investments). 
	       Criteria
Solution X
	Call setup time improvement
	UE Impact
	Network impact
	evolution to VoLTE/SRVCC

	Solution 1

(SRVCC based eCSFB)
	Provide an even shorter call-setup time than a native 2/3G CS.
	NO

(Only require UE to support CSFB and SRVCC and there is no need of an IMS stack.)
	Small update of eNB/MME/SRVCC-MSC and no need of deploying IMS.
	YES

(Reuse SRVCC and therefore smooth evolution to VoLTE/SRVCC)

	Solution 2

(SRVCC based eCSFB with proper CS resource allocation)
	Further optimize supplementary service handling for solution 1and no improvement to setup time. 
	UE impact (MO case)

Corner cases as the main usage scenario for CSFB is voice Also, the period unnecessary resource usage is very short.
	Compared to solution 1, additional updates on eNB/MME /SRVCC MSC. 
	NO

	Solution 3

(Enabling target cell(s) system information provision)
	Same setup delay as Rel-9 CSFB as it is Rel-9 CSFB. No improvement.
	NO
	Excessive configuration effort in eNB. 

Also, very careful to handle any change of 2/3G SIB information.
	NO

	Solution 4

(UE radio capabilities consideration during PLMN and RAT selection)
	No improvement for general cases. Minor improvement might be achieved in corner case, if at all.
	NO
	Impact on eNB and MME. 
Also additional eNB configuration.
	NO

	Solution 5
(Optimised CSFB Procedure)
	limited improvement by lowering the AKA frequency or turning off AKA
	NO
	Impact on MSC. possibly security concerns and a number of cases where usage not possible.
	NO

	Solution 6

(SRVCC based eCSFB Solution with IMS-#I)
	Unclear
	Yes

(Have to take aSRVCC capability into account to perform domain selection. Also requires UE to support IMS stack /aSRVCC/CSFB)
	Impact on MME/eNB /MSC/P-CSCF. 
Have to deploy almost a complete IMS just for providing aSRVCC.

	YES

(The solution requires almost complete IMS and aSRVCC functionality in the UE and the network)

	Solution 7

(CS security key derivation for CSFB)
	limited improvement by turning off AKA
but solution also not fully described
	   Yes or No depending on not described UE functionality.
(UE has to indicate its capability to network )
	MME/MSC
MME may need to manipulate RRC messages.
	NO


**************** End of changes **********************
Annex

SRVCC based eCSFB analysis
The key factor is SRVCC based eCSFB triggers the SRVCC Handover during the CSFB procedure, which results in faster call-setups even for scenarios involving switching from LTE to 2/3G. 
Here we would like take LTE->GSM SRVCC based eCSFB as example, trying to explain why SRVCC based eCSFB can bring much benefit in details. 
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Figure 1 SRVCC based eCSFB call setup time Analysis - Mobile Originating  

Regarding performance data, please note we refer to white paper from Qualcomm and Ericsson as basis (see here):
1) Reuse the data for LTE Idle to connected transition and Extended Service procedure i.e. 0.1+0.2=0.3s

2) Reuse the data Handover procedure except LTE->GSM measurement time 

3) With CDRX IRAT measurement, update LTE->GSM measurement time from 2.4s to 0.4s according to field test. 
4) Once UE is handed over to GERAN, all the related signalling exchange between UE and BSC/MSC is very quick with FACCH and only takes about 0.4s.
Note: Regarding CDRX IRAT LTE->GSM measurement, in case of downtown area with complicated wireless radio environment e.g. configuring around about 30 GSM ARFCNs, the measurement time is about 300ms. However, in certain abnormal case e.g. configuring one or more GSM ARFCNs with high interference, the measurement time is about 600ms. Here, we use 400ms for general case.
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Figure 2 SRVCC based eCSFB call setup time Analysis - Mobile Terminated  
MT case, it is quite similar to MO case and assumes average paging time is 0.6s (Assuming 1.2s DRX Cycle).

Faster call-setup times from SRVCC based eCSFB are possible due to the following four aspects:
The First Aspect:

During a SRVCC Handover procedure, eCSFB performs some CS call-related procedures in parallel to switching from LTE to 2G/3G, specifically:

· During CSFB-triggered switching, the CS RAB is already pre-allocated by the SRVCC Handover procedure, so there is no need for the CS RAB allocation procedure after the UE switches to 2/3G for performing the call-setup procedure.

· GERAN/UTRAN gets UE capabilities from E-UTRAN via the SRVCC Handover procedure, so it does not need to retrieve UE capabilities from the UE after the UE switches to 2/3G.
The Second Aspect:
The MSC Server has already obtained some key information for the CS call during the SRVCC IRAT Handover procedure, so it can skip some NAS procedures when the UE initiates the CS call via 2/3G after the switching, specifically:
· Skipping the authentication procedure as the UE and network generate a CS security key during the SRVCC procedure.
· Skipping IMSI/IMEI retrieval procedures as the MSC Server gets them from MME.

· Skipping or delaying TMSI Reallocation procedure.
· delay LAU until the call is finished(if there is a LA change) 
The Third Aspect:
In case of SRVCC based eCSFB to GERAN, the call-setup signalling exchange between UE and GERAN is very quick, as all the signalling will be delivered over FACCH (Fast associated control channel) rather than SSCCH (standalone dedicated control channel) that is usually used for normal call setup like with CSFB before CS RAB assignment is finished.
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