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Abstract of the contribution: This contribution discusses shortcomings of the current approach for backed-off voice centric devices, and proposes that voice centric devices camping on E-UTRAN to disable E-UTRAN immediately after receiving back-off timer.
1. Background
CT1 has agreed that in case of PS congestion, if a voice centric device that has received a back-off timer needs to initiate an MO call, then it shall disable E-UTRAN until the back-off timer expires (C1-124027). However, some companies expressed concern that the solution as agreed in CT1 is incomplete, and requested further feedback from SA2 in LS S2-130022. 
Most interested companies in SA2 expressed concerns about the solution adopted by CT1, but no conclusion was reached on any possible alternative solution, or whether to have no solution at all.

2. Discussion

There are still several use cases or scenarios where PS domain congestion does adversely impact CS services, particularly voice services. 

For voice services, it is worth mentioning the principle which SA2 agreed from Rel.8 regarding “voice centric” devices. From TS 23.221 subclause 7.2a:

“A UE set to "Voice centric" shall always try to ensure that Voice service is possible.”

Note that one consequence of it, also described in 23.221 is that a voice centric UE shall move to 2G/3G CS in case voice services are not available on E-UTRAN or UTRAN HSPA.

We believe this same principle shall be used also in the scenario of PS congestion.

Conclusion 1: A voice centric device shall follow the principle defined in TS 23.221, i.e., always try to ensure that voice service is available, also in the case of PS congestion that resulted in applying MM backoff timer.

Now the question is, if the NW is experiencing PS domain congestion, and the UEs are backed off in the PS domain in E-UTRAN, will CS services still be available? Can users initiate MO calls and receive MT CS calls when the PS domain is congested?

There are different UE behaviors that have been considered in either CT1 or SA2 (or both) when the UE receives an EMM back-off timer in E-UTRAN:
1. UE stays in E-UTRAN, does not autonomously move to 2G/3G CS.
2. UE stays in E-UTRAN, disables E-UTRAN in case of MO call. The UE re-enables E-UTRAN when back-off timer expires. (Current CT1 solution)
3. UE disables E-UTRAN when it received the EMM backoff timer. The UE re-enables E-UTRAN when back-off timer expires.

In the following, we consider these scenarios for the case of a voice centric device.

2.1
UE stays in E-UTRAN, does not autonomously move to 2G/3G.
There are several issues with this approach:

1. The UE cannot initiate any MO call while the back-off timer is running. This goes against the principle of Conclusion 1.

2. Voice calls (MO and MT) also fail in many scenarios:

· UE moves away from paging area (TAI list) while in E-UTRAN. This can happen because the user is physically moving away from his/her current position and is not controlled by the network
· UE performs idle-mode inter-RAT mobility due to loss of E-UTRAN coverage. This can happen because the user is physically moving away from his/her current position and is not controlled by the network

· Note that if the UE moves to GERAN/UTRAN due to loss of E-UTRAN coverage, the UE will be able to receive voice services through CS domain. This also creates confusion in the user, which could try a call while 4G is displayed which does not work, but then later while 3G is displayed the call goes through. This may create a noticeably bad user experience.
2.2
UE stays in E-UTRAN, disables E-UTRAN in case of MO call. The UE re-enables E-UTRAN when back-off timer expires. (Current CT1 solution)

With the current CT1 design in place, MO calls are available, but a UE will be reachable for MT CS calls at all times only under the following conditions:
1. The UE is not 4G capable or the user has explicitly disabled 4G,
2. A UE that last registered via E-UTRAN has not moved outside of the TAIs that it is registered in (assuming the network is still capable of performing CS paging in E-UTRAN),
3. A UE has not moved into EUTRAN coverage from another RAT (2/3G), or
4. The user originates a CSFB call.
With the current design in place, a UE will not be reachable for MT CS calls as soon as it moves into a E-UTRAN TA where it is not registered. 
From a user perspective, here are some examples of what an average user might observe during PS domain congestion.
1. Older 2G/3G phones are able to receive calls, but newer 4G phones are not.

2. Calls cannot be received whenever the “4G” icon is displayed on the UI.

3. Disabling 4G capability manually on the UE allows the reception of voice calls.

4. Some users are able to make and receive calls all the time, but some others are only able to make outgoing calls.

5. Sometimes, the user can receive calls only after he/she also places calls.

6. Sometimes, even placing calls does not enable receiving calls.
Clearly, such device behavior is very confusing to the user. 

Also, as was discussed in CT1 (C1-130239), given that the UE does not perform RAU when it moves to GERAN/UTRAN to place an MO call, T-ADS funcionality may not work properly if the network does not know that the UE has moved to GERAN/UTRAN. This is due to the fact that the network (e.g. SCC-AS) is trying to deliver MT-voice call, SCC-AS interrogates HSS/HLR, the HSS/HLR interrogates MME/SGSN and obtains the old information from MME (i.e. based on last TAU).
Note that the issue with T-ADS also applies to the option described in 2.1 if the UE selects a GERAN/UTRAN cell due to normal idle mode mobility, i.e., due to loss of E-UTRAN coverage. 

2.3
Voice centric UE disables E-UTRAN.
The UE disables E-UTRAN the moment it receives the back-off timer, and it reenables E-UTRAN again when the back-off timer expires.
In terms of voice availability this is the only solution that can guarantee voice services to a voice centric device at all times. 

Note that given the fact that since Rel.9, the UE signals to the MME that it is a voice centric device, the MME would know that this UE is disabling E-UTRAN when it receives a back-off timer. This knowledge can be used to ensure T-ADS works properly, as descibed below.

In Fig.1, a call flow for a NW behavior is described (assuming ISR in not enabled), where new behavior is maerked in red.
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Figure 1: NW based solution for T-ADS in case of autonomous disabling of E-UTRAN when backed-off
1. The UE performs attach/TAU indicating “voice centric” as part of the “Voice domain preference and UE's usage setting” IE. The UE is registered with the network.

2. The MME rejects an EMM message with back-off timer T3446.

NOTE: This call flow assumes the UE is still EMM registered after rejection. 

3. Since the MME knows the UE is a voice centric device and will disable E-UTRAN, the MME the MME sends a Notify Request indicating Homogeneous Support of IMS Over PS Sessions = unknown to HSS.
NOTE: This is done by non inclusion of "Homogenous Support of IMS Over PS Sessions" which indicates that "IMS Voice over PS Sessions" support is either non-homogeneous or unknown.
9. When the HSS receives an Sh-Pull request from SCC AS, since the MME indicated Homogeneous Support of IMS Over PS Sessions = unknown to HSS, the HSS queries the MME.

10. The MME checks whether T3446 is running for the UE.

11. If T3446 is still running, the MME responds to the query indicating IMS Voice over PS is not supported.

12. The HSS responds to SCC AS indicating IMS voice over PS is not supported.

13. SCC AS selects CS domain.
Concerns about CS Domain Congestion

In the past, concerns have been raised in SA2 that disabling EUTRAN for the duration of T3346 may result in mass migration of devices from PS domain to CS domain and may congest the MSC/VLR. We believe that this should not pose a problem in practical deployments because,
1. Only voice centric UEs shall disable their E-UTRAN capability.

2. The time instances at which voice centric UEs disable EUTRAN are also distributed because not all UEs are provided T3346 backoffs at the same time. Each UE is backed off on an individual basis depending on when the UE attempts to connect to the NW and based on the policy in MME regarding network congestion.

3. The NW could employ CS domain congestion control mechanisms as well (T3246, ACB, Extended Wait Timer) as needed.
The network should already be prepared for such migration of voice centric UEs to the 2G/3G. For instance, in the case of SGs interface failure (e.g. due to VLR failure), the network will accept combined TAU requests only for EPS service (with appropriate cause code) which will produce that voice centric UEs relying on CS voice disable E-UTRAN and move to 2G/3G. 
Conclusion

This contribution shows that the only solution that allows a voice centric UE to always have reliable voice services available is Option 3, i.e., a voice centric UE disables E-UTRAN when receiving an EMM back-off timer and re-eanables E-UTRAN capability when the back-off timer expires. 
As such, we propose that solution described in Option 3 is adopted by CT1/SA2.

