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1.  Introduction
In RAN2 #61bis, RAN2 received an LS from SA2 on CS fallback [1], and CS fallback solutions were discussed in the C-plane session [2-4]. Three solutions were identified:
· Option 1:  Inter-RAT PS handover + CS bearer establishment in UTRAN/ GERAN;

· Option 2:  Cell change order (with NACC);

· Option 3:  Redirection + cell selection.

In RAN2 #61bis, RAN2 could not conclude which options should be supported in LTE Rel-8, and an email discussion was set out to progress this issue. This paper summarises the email discussion on CS fallback that took place on the RAN2 reflector between RAN2 #61bis and #62.
2. Overview of options
The three possible options for CS fallback are described in detail below. The descriptions are based on the procedure for a mobile originated (MO) call in idle mode. Similar procedures can be applicable in case of a mobile terminated (MT) call. It should be noted that in any option, NAS involvement is yet unclear and needs to be clarified with SA2 and CT1. Even then, it is thought that which of the options 1-3 should be supported can be discussed in RAN2 independently of the NAS involvement.
2.1  Option 1: Inter-RAT PS handover + CS bearer establishment in UTRAN/ GERAN

Figure 1 shows the basic proceduce of this option.
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Fig.1  Option 1: Inter-RAT PS HO + CS bearer establishment in UTRAN/ GERAN

This option comprises the following steps:

Step 1-5, 10
The UE first establishes connection in E-UTRAN (RRC and S1-MME to obtain UE capabilities).
Step 6, 8
E-UTRAN activates security by sending SMC.
Step 7, 9
E-UTRAN configures inter-RAT measurements (can be omitted to reduce delay, i.e., it is thought that these steps are unnecessary unless measurements are needed?).

Step 11
The UE reports measurements on UTRAN/ GERAN (can be omitted to reduce delay).
Step 12
Inter-RAT PS handover is performed. This can be a signalling bearer only handover.
Step 13
The UE establishes a CS bearer. The unnecessary PS bearer (Iu) is removed.

In order to shorten the procedure, steps 7, 9 and 11 can be omitted if the operator chooses to do so, in which case the inter-RAT handover becomes blind, at an increased risk of failure.

2.2  Option 2: Cell change order (NACC)

Figure 2 shows the basic proceduce for this option.

[image: image2.emf]UE eNB MME RNC/BSS MSC

1. RRC Conn Req

2. RRC Conn Setup

3. RRC Setup Complete

4. S1 Init Message

5. S1 Init Setup

6. RRC SMC

7. RRC Reconfig

8. RRC SMC Complete

9. RRC Reconfig Complete

10. S1 Setup Complete

11. Meas Report

15. CS bearer establishment in target RAT

12. Cell Change Order 

(NACC)

13. S1 Release

14. S1 Release Complete


Fig.2  Option 2: Cell change order (NACC).

The second approach is to use cell change order (NACC):

Step 1-5, 10
The UE first establishes connection in E-UTRAN (RRC and S1-MME to obtain UE capabilities).
Step 6, 8
E-UTRAN activates security by sending an SMC (need FFS).
Step 7, 9
E-UTRAN configures inter-RAT measurements (can be omitted to reduce delay).
Step 11
The UE reports measurements on UTRAN/ GERAN (can be omitted to reduce delay).
Step 12
E-UTRAN sends a cell change order to the UE (NACC). The current assumption is that MobilityFromEUTRACommand is used for this purpose.
Step 13-14
The S1 connection is released.

Step 15
The UE moves to the target UTRAN/ GERAN cell, where it can omit reading of the system information, and establishes a CS connection.

In order to facilitate the procedure, the operator may choose not to perform steps 7, 9 and 11, in which case the cell change order becomes blind redirection. It should be noted that the need for steps 6 and 8 is yet unclear. Although SA3 has replied in an LS [5] that general redirection is allowable before security activation, this should be confirmed in case the redirection is to a specific cell and with NACC.

2.3  Option 3: Redirection + cell selection
Figure 3 shows the basic proceduce for this option.
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Fig. 3  Option 3: Redirection + cell selection.

This approach uses RRCConnectionRelease to redirect the UE to a RAT/ frequency.

Step 1-5, 7
The UE first establishes connection in E-UTRAN (RRC and S1-MME to obtain UE capabilities).
Step 6
E-UTRAN sends RRCConnectionRelease with redirection information, which redirects the UE to a RAT/ frequency. This message can optionally contain a set of target cells (FFS).
Step 8-9
The S1 connection is released.
Step 10
The UE performs cell selection on the redirected RAT/frequency (or from the set of cells indicated), and reads system information of the selected cell to check suitability and acquire information needed for access.

Step 11
The UE establishes a CS connection in the target RAT.

This procedure involves no interworking with legacy networks, and does not need security activation as per reply LS from SA3 [5]. The message 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. With this option the UE needs to perform cell selection and read system information at the target RAT cell. This may take considerable time especially in GERAN. Hence the overall expected performance with regards to latency is lower than Option 2.
3. Discussion
The aim of the email discussion is to identify which of the Options 1-3 should be supported for CS fallback in Rel-8, considering different scenarios, i.e., MO/ MT and idle/ active.

Comments:

· NTT DoCoMo/ T-Mobile:
For MO/ MT calls in active mode:

“Inter-RAT PS HO + CS bearer establishment” and “CCO with NACC” should be supported. “CCO with NACC” is especially necessary in case PS HO is not supported by the legacy RAT. Either Option should be usable at operator discretion.
For MO/ MT calls in idle mode:

Option 1 (PS HO) has the following drawbacks when applied to CS fallback from idle mode:

· Increased amount of signalling and processing load in the network, as well as waste of radio/ network resources, e.g., PS bearers in UTRAN. This will likely increase CAPEX.

· If the inter-RAT PS handover is to take place without 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 and deployment costs in legacy networks, especially in GERAN networks which do not support PS HO. This should be avoided in order to facilitate migration to LTE/SAE soon.

As such, this approach is not the best option to support CS fallback for call establishment from idle mode.
With Option 2 (CCO with NACC) the UE could directly establish a CS bearer in the target RAT. The procedure is quite simple and alleviates all the drawbacks of Option 1 (PS HO), except that the RIM procedure [6] to enable NACC needs to be implemented. It has already been agreed that NACC shall be supported for mobility toward GERAN. Since reading of system information takes considerable time in UTRAN as well, it is proposed that NACC is also supported for mobility to UTRAN. 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, Option 3 (redirection + cell selection) should also be supported. Option 2 will be used only when a clear target cell exists, to which the procedure will most likely succeed. Option 3 is also already agreed for the normal mobility between RAT/ frequencies and thus no complexity is added from using this procedure also for CSFB.
Considering the fact that most of the procedures have been agreed for normal mobility anyway already they should also be applicable for CS fallback. The selection of the procedure to be used should consider in the first place the additional call setup delay, but on the other hand also the practical usage for operators, especially taking into account that not all GERAN networks support PS HO and likely will not be updated to do so in the advent of LTE/ SAE where operators focus investments on new technology.

In summary:

· For MO/ MT calls in active mode:

· Option 1 (Inter-RAT PS HO) and Option 2 (CCO with NACC) should be supported. Option 2 is especially necessary in case PS HO is not supported in legacy RAT. Either option should be usable at operator discretion.

· For MO/ MT calls in idle mode:

· Option 2 (CCO with NACC) should be supported. This will be used when a clear target RAT cell exists. NACC to UTRAN should also be supported.

· Option 3 (redirection + cell selection) should also be supported. This will be used when multiple target RAT cells are overlaid. Indicating a set of target cells should also be supported.
· NSN:  NSN believes that CS fallback for MT and MO Active and Idle should be supported in Rel-8. However, we should prioritize the options based on the necessity and see if we can live with a few options only.
Option 3 has to be supported because it covers most of the cases. Thus Option 3 is the basic function. As PS HO has to be supported anyway, Option 1 can be used without additional effort. However for Option 2, as this needs additional efforts to implement and this is rather an optimization, NSN has a big doubt whether Option 2 is really needed in the Rel-8 time frame.
At least toward GERAN, it is already known that NACC can reduce the call setup time. Although NSN is not precluding NACC, if we are all aware of time pressure and we cannot make everything in Rel-8, NSN believes that NACC is the first candidate to postpone to the next release, as it requires additional functionalities.

To justify NACC for CSFB to UTRAN, NSN believes we need the kind of exercise done by Huawei in [7]. But all calculation in [7] is based on PS HO and not based on Option 3. Thus a calculation for Option 3 is needed as well to compare Options 2 and 3. Especially UTRAN calculation for Options 2 and 3 are not available in [7]. So it is difficult to justify NACC to UTRAN as how much time NACC can save is unclear. To analyze all these factors, we need more time and hence, NSN proposes to postpone the NACC discussion to the next release.
· Texas Instruments:  Options 1 (Handover) and 2 (NACC) are already part of the Inter-RAT behaviour in 36.331; so we see no additional functionality to be added to the UE.
At the moment, the only suggestion is that NACC functionality be added for cell change to UTRAN cells as well (currently NACC is only supported towards GERAN). We believe that Options 1 and 2 are attractive options since it ensures that terminals will spend very little time in establishing call setup.

Texas Instruments fundamentally agrees with NSN’s view that the motivation of this discussion is to reduce the number of options that we have for enabling CS Fallback.

Texas Instruments would prefer that Option 3 not be made part of Rel-8. From a recollection of the meeting, there seems to be little support for having Option 3 for CS fallback in case other PS services are currently active in the UE. As such, the only use-case for Option 3 is when UE is in IDLE mode, gets a page in E-UTRAN and needs to connect to the legacy RAT cell. However, with redirection, the UE will have very little information (only RAT, frequency) to connect to a cell, and will have to obtain cell id, reselect to that cell, obtain relevant SI, establish UL synchronization and then set up RRC. Certainly, we expect that this will add large delay in responding to paging message.

Finally, if handover is used for CS-fallback, Texas Instruments thinks that a special indication made to the handover (such as a 1-bit "cs-fallback" indication in the handover command) is needed to remind the UE to send a paging response (NAS Service Request) in the Target cell. In regular handovers that have been considered so far, we have not had the case where there are N calls in the source cell, and N+1 calls in the Target cell. Hence, at the moment, it is not immediately clear how the NAS layer would know that the Handover/ NACC also requires the UE to send a NAS Service Request in the target cell.
· Qualcomm:  The set of proposals are intended to use the mechanisms that are already available today (note some exceptions as mentioned by Texas Instruments). Hence, Qualcomm wonders what "options" we are concerned about and what the "AS" specification impacts (benefits?) are if the number of options in this document are reduced.

Given those tools are available, Qualcomm assumes the specifications cannot forbid CS fallback mechanisms which are achieved with combinations of the existing tools. Again, we are trying to understand what efforts we are trying to reduce (maybe testing?).
· KDDI:  KDDI are interested in CS fallback from E-UTRAN to cdma 1XRTT. KDDI believe that the current WID can be expanded to include CS fallback to cdma 1XRTT as it is described as "2G/3G CS domain". KDDI plans to submit a text proposal to SA2. In terms of RAN, KDDI basically support proposal of NTT DoCoMo and T-Mobile.
4.  Conclusions of the email discussion.
CS fallback solutions were discussed by email between RAN2 #61bis and #62. Comments were received that the three Options 1) inter-RAT PS HO, 2) CCO with NACC, and 3) redirection + cell selection for CSFB can be realised by combinations of the already supported tools in the current RAN2 specifications. Hence, there seems to be no gains from reducing the number of options (except maybe for testing). The only addition to the current agreements, that were suggested by some companies, is to introduce NACC to UTRAN. If this is agreeable, this should be captured in the RAN2 specifications. Moreover, the current TS 23.272 [2] must be updated to include NACC to UTRAN.
In addition, a comment was received that CSFB to cdma 1xRTT should also be supported.

It is suggested that the results of the discussion are liaised to SA2 and CT1, so that TS 23.272 [2] can be appropriately updated. Also, it is suggested that SA2 and CT1 is liaised to clarify how NAS is involved in the CS fallback procedures.
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