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Discussion and decision
1.  Introduction
SA2 discussed the provision of voice services over EPS during a couple of meetings in the past. Different solutions were identified and are captured in TR 23.879.

To remind the objectives of CS fallback (CSFB) for operators launching E-UTRAN are:

· To allow early launch of attractive LTE services including voice capable mobiles, without having to migrate all existing services from the beginning.

· To allow effective and continued use of legacy networks without having to invest unnecessarily on legacy updates.
These requirements must be fulfilled with CS fallback. The co-signing operators see the usage of CSFB in their networks ONLY as an INTERMEDIATE step for early adopters of LTE/SAE until a commercially workable voice call continuity (VCC) solution will be available and implemented in networks in order to migrate to a pure IP based system.
In RAN2#61, the following solutions to support CS fallback were discussed:

Solution 1:  Inter-RAT PS handover + CS bearer establishment in UTRAN/GERAN

Solution 2:  Cell change order (NACC) using MobilityFromEUTRACommand
Solution 3:  Redirection using RRCConnectionRelease [1]
This paper discusses these solutions further and identifies the necessary solutions.

2. Discussion
2.1  Solution 1: Inter-RAT PS handover + CS bearer establishment in UTRAN/GERAN
This solution involves the following steps:

1. The UE first establishes connection in E-UTRAN (RRC and S1-MME to obtain UE capabilities).

2. E-UTRAN activates security by sending SMC.

3. E-UTRAN configures inter-RAT measurements (can be omitted to reduce delay).

4. The UE reports measurements on UTRAN/ GERAN (can be omitted to reduce delay).

5. E-UTRAN prepares inter-RAT PS handover with target UTRAN/ GERAN.

6. E-UTRAN sends MobilityFromEUTRACommand, which triggers an inter-RAT PS handover.

7. The UE moves to the target UTRAN/ GERAN and completes the PS handover.

8. The UE establishes a CS bearer.

9. The unnecessary PS bearers are removed.
In order to shorten the procedure, steps 3 and 4 can be omitted if the operator chooses to do so, at an increased risk of failure. Considering that CS fallback would also be necessary for establishing CS calls during ongoing PS services in E-UTRAN, such an approach is anyway needed. However, this does not imply that CS call establishment from idle mode in E-UTRAN should also be supported by this approach. This approach has the following drawbacks when applied to CS fallback from idle mode:

· Increased amount of signalling and processing load in the network, i.e., increased costs in network equipments.

· Waste of radio and network resources, e.g., PS bearers in UTRAN.

· If the inter-RAT PS handover is to take place before bearer establishments in E-UTRAN, this will deviate from the normal establishment/ handover procedure.

· Requires inter-RAT PS handover to be implemented in legacy networks, if it is not currently supported. This incurs considerable development costs in legacy networks, especially in GERAN networks, which operators very much like to avoid in order to migrate to LTE/SAE soon.
As such, this approach is not the best solution to support CS fallback for call establishment from idle mode.
Nevertheless, for CS fallback during ongoing PS services in E-UTRAN, this procedure is useful. For this use case, it is necessary that the MobilityFromEUTRACommand contains the following information:

· Target RAT (MP)
· Target band/ frequency (MP)
· Target cell identity (MP)

· A transparent container to carry the target configuration message generated by the target system during the inter-RAT handover preparation phase (MP)
2.2  Solution 2: Cell change order (NACC) using MobilityFromEUTRACommand
The second approach is to use cell change order (NACC):
1. The UE first establishes connection in E-UTRAN (RRC and S1-MME to obtain UE capabilities).

2. E-UTRAN activates security by sending an SMC (need FFS).

3. E-UTRAN configures inter-RAT measurements (can be omitted to reduce delay).

4. The UE reports measurements on UTRAN/ GERAN (can be omitted to reduce delay).

5. E-UTRAN sends MobilityFromEUTRACommand, which triggers a cell change order (NACC).

6. The UE moves to the target UTRAN/ GERAN and establishes a CS connection.

Again, in order to facilitate the procedure, the operator may choose not to perform steps 3 and 4, in which case the cell change order becomes blind redirection. It should be noted that the need for step 2 is unclear. Although SA3 has replied in an LS [2] that redirection is allowable before security activation, this is not yet clear in case the redirection is to a specific cell and with NACC.

This procedure involves no handover preparation and the UE could directly establish a CS bearer in the target RAT. The procedure is quite simple and alleviates all the drawbacks of solution 1, except that the RIM procedure [3] to enable NACC needs to be implemented. The redirection would be to a specific cell and NACC can be utilised to facilitate the procedure, i.e., the UE does not have to obtain system information after moving to the target. Since reading of system information takes considerable time in UTRAN and especially in GERAN, NACC is important to facilitate the procedure. For normal inter-RAT mobility to GERAN the support of NACC has already been agreed for Rel-8, hence the application for CSFB to GERAN network should be straight forward. As such, this procedure should be supported. However, the procedure has a risk of failure in case there are multiple target RAT cells overlaid to the E-UTRAN cell from which the procedure is initiated. As such, solution 2 will be used when a clear target cell exists, to which the procedure will most likely succeed. In order to support this solution, the MobilityFromEUTRACommand should contain the following information:

· Target RAT (MP)

· Target band/ frequency (MP)

· Target cell identity (MP)

· A transparent container to carry the target system information (NACC information for UTRAN/ GERAN, can be optional)

It is assumed that having received the redirection information, the UE NAS initiates any subsequent actions.

2.3  Solution 3: Redirection using RRCConnectionRelease
This approach uses RRCConnectionRelease to redirect the UE to a RAT/ frequency.
1. The UE first establishes connection in E-UTRAN (RRC and S1-MME to obtain UE capabilities).

2. E-UTRAN sends RRCConnectionRelease, which redirects the UE to a RAT/ frequency.

3. The UE performs cell selection on the redirected RAT/ frequency.

4. The UE reads system information on the redirected RAT.

5. The UE establishes a CS connection.

This procedure involves no interworking with legacy networks, and does not need security activation as per reply LS from SA3 [2]. RRCConnectionRelease already supports an optional redirection IE to redirect a UE to a certain RAT/ frequency for idle mode camping. As such, the same IE can be reused for this purpose. However, since redirection is to a RAT/ frequency, i.e., not to a specific cell, the UE needs to perform cell selection and read system information. This may take considerable time especially in GERAN. Hence the overall expected performance with regards to latency is lower than solution 2. Nevertheless, because of the simplicity and in cases where redirection to a specific cell is difficult (redirected RAT has cell borders), this procedure can be useful and should be supported. The redirection IE (which is optional) in RRCConnectionRelease should contain the following information:

· Target RAT (MP)

· Target band/ frequency (MP)
· An indicator to discriminate directed retry or redirection for camping (FFS)

It is assumed that having received the redirection information, the UE NAS initiates any subsequent actions.
3. Conclusions
The following three solutions for CS fallback were discussed.
Solution 1:  Inter-RAT PS handover + CS bearer establishment in UTRAN/GERAN



Use case: CS fallback during ongoing PS services
Solution 2:  Cell change order (NACC) using MobilityFromEUTRACommand




Use case: CS fallback from idle mode in E-UTRAN (when a clear target RAT cell is present)
Solution 3:  Redirection using RRCConnectionRelease






Use case: CS fallback from idle mode in E-UTRAN (when multiple target RAT cells are overlaid)
The three solutions have different use cases and are complementary. As such, they should all be supported, optimising for the applicable use cases and taking the impacts on deployed legacy networks into account.
Open issues with regards to CS fallback are listed below:

· Whether security activation is necessary for solution 2 (cell change order, NACC) – SA3 should be consulted.

· RRC message structures to support the solutions – as part of the stage3 work.

Moreover, it should be ensured that sufficient information to be used by E-UTRAN to make the decision to redirect will be available. It is expected that either the establishment cause in RRCConnectionRequest or information in the S1-AP message received from MME after NAS Service Request can be used to make the appropriate decision in E-UTRAN.
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