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Introduction
There have been some LS exchange between RAN2 and CT1 on possible AS impacts from UE mode of operation introduced for CS fallback purpose in TS 24.301 [1] (see R2-091142 [5] and C1-091198 [6]). Also, CT1#58 have received a few LSs which raise several questions to CT1 related to the handling of CS/PS modes of operation. These LSs are S2-091781 "LS on CS domain and IM CN subsystem selection principles" [2], S2-091796 "LS on Emergency CS Fallback" [3] and R2-092704 "Response LS on CS domain and IM CN subsystem selection principles" [4].

Several questions are pending CT1 answers. This contribution tries to give answers to some of these questions.
Discussion

Historic for the UE modes of operation

As described in C1-084381 [7], the motivation for CS/PS modes of operation introduction is the SA1 requirement from TS 22.278 [8] copied below:
7.1.7.2
Roaming in a VPLMN not supporting CS fallback

When a UE that is configured to use CS fallback registers over E-UTRAN in a VPLMN not supporting CS fallback the default behaviour of the UE is to attempt to select a GERAN/UTRAN/1xRTT CS radio access technology in the VPLMN or in a PLMN equivalent to the VPLMN.  The default behaviour of the UE is not to autonomously attempt to (re-)select the E-UTRAN for the duration of the time the UE stays in a VPLMN and PLMNs equivalent to the VPLMN. 

The default behaviour may be changed based on user preference settings.
The UE may offer the user to perform a PLMN scan and display the list of available PLMNs. The selection of a different PLMN is performed using the manual mode.         

Considering the requirement above, it was agreed in CT1 to introduce two different modes of operation for a CS fallback capable and configured UE, namely:

CS/PS mode 1 of operation: the UE is CS fallback capable and configured to use CS fallback, and non-EPS services are preferred. The UE registers to both EPS and non-EPS services; and


CS/PS mode 2 of operation: the UE is CS fallback capable and configured to use CS fallback, and EPS services are preferred. The UE registers to both EPS and non-EPS services.

A non CS fallback configured UE would operate in the following mode:


PS mode of operation: the UE registers only to EPS services;

For CS/PS mode 1 of operation UEs: when registration to CS domain is not possible on a VPLMN, such type of terminal might decide to select GERAN or UTRAN radio access technologies only.

For CS/PS mode 2 of operation UEs: when registration to CS domain is not possible on a VPLMN, this type of terminal might decide to stay on E-UTRAN. This is the typical case of a terminal which I use for my emails, and possibly for voice, but my preference is to use this terminal for downloading my emails.
In their LS, RAN2 ask the following question
"Q5 (CT1)
Is the CS/PS mode a user/MMI setting? If so, is it expected that the user will easily understand how to perform a mode selection? Moreover, how often is a user expected to change the setting?"

The CS/PS mode is indeed a user/MMI setting. Because EPS is a packet domain only, and because IMS is not necessarily deployed, there will be a need to somehow educate the user and let him know that the new LTE coverage does not necessarily allow voice calls, while 2G/3G allows voice calls via CS domain. It is therefore preferable that the user is aware of this, and consequently it should not be an issue for the user to decide whether the priority is to receive email via LTE or to be reachable for voice calls.
Also, related to the SA2 question in LS S2-091781 [2]:
"Question 3: SA2 would like to ask CT1 and RAN2 how (if any) the “preferred domain” in 24.216 and AS-based RAT/Frequency priority control as defined in RAN2 specifications relate to the modes of operations defined in 24.301?"

the CS/PS modes of operation in TS 24.301 are not based on  the AS-based RAT/Frequency priority control as defined by RAN2, nor they are based on the "preferred domain" as defined in TS 24.216.

These CS/PS modes of operation are mainly in use when registration fails, or when a CS fallback procedure fails, but are not used to control the RAT selection during normal operation. This means that a CS/PS mode 1 or a CS/PS mode 2 of operation UE could remain always in LTE as soon as it is combined registered, when NW indicates E-UTRAN frequencies have highest priority. Now when the network does not support CS fallback, the case to consider is when the preference is for CS calls, i.e. when the UE is in CS/PS mode 1 of operation. In that case, the UE will move to GERAN/UTRAN to find CS domain coverage.
Thus, to answer Q6 from RAN2
"IDLE mode

In this case the RAT/ frequency cell reselection priorities (CRP) used in the AS can be in conflict with the UE preference set by CS/PS mode to camp on CS domain. RAN2 understands that there are two alternative solutions:
· UE-based control:
The UE modifies CRP provided by the network based on the CS/PS mode (i.e. down prioritizes e.g. E-UTRA frequencies). The UE AS would have to remember this and modify priorities upon receiving the CRP, either by system information at cell reselection or by dedicated signalling at connection release.
· NW-based control:
The NW provides CRP to ensure camping where CS domain is available if mode 1 is set, and where PS domain is available if mode 2 is set. This requires the CS/PS mode to be signalled from the UE to the MME by NAS as well as the way to convey such information to AS in order to set appropriate CRP for the UE. However, it should be noted that ASN.1 has been frozen already for Rel-8. Moreover, this solution requires similar change also in UTRA/ GERAN. 
Q6 (CT1, SA2)
Is RAN2 understandings above correct?"
RAN2's understanding is correct for the CS/PS mode 1 UE. However, it should be noted that there is no requirement to ensure that a CS/PS mode 2 UE is camped where PS domain is available, and to answer Q14 from RAN2, a CS/PS mode 2 UE will not overwrite the CRP set by the AS, if the CRP preferred UTRA/ GERAN.
Behaviour in Connected mode
In their LS R2-092704, RAN2 raises several questions about the applicability of CS/PS modes of operation in CONNECTED mode (Q7 to Q11).
"CONNECTED mode

Q7 (CT1, SA2) 
Is CS/PS mode applicable also in RRC connected mode? 

Q8 (CT1, SA2) 
What is the consequence in case the UE started a PS call in UTRA/ GERAN and is handed over by the network to E-UTRA, e.g., the UE will not be able to receive CS paging? If this is to be avoided, how is the handover to be prevented (note that current assumption is that CS/PS configuration is a local UE/user selection and the network is not aware of it)? 

Q9 (CT1) 
Is the CS/PS mode subject to change in connected mode?

Q10 (CT1)
If the CS/PS mode is subject to change, what is the consequence in case the UE-based solution is adopted? For example, if the mode is changed from 2 to 1 when connected in E-UTRA, does the UE locally release the connection and attempt establishment in UTRA/ GERAN?

Q11 (CT1)
If the CS/PS mode is subject to change, what is the consequence in case the NW-based solution is adopted? For example, if the mode is changed from 2 to 1 when connected in E-UTRA, does the UE first perform TAU or detach/ attach so that the network can take appropriate actions (e.g., release with redirection)?"

The CS/PS mode is set in the UE independently whether the UE is in IDLE or CONNECTED mode, and the CS/PS mode could change while the UE is in CONNECTED mode. However, current approach in CT1 is only for idle mode cell reselection, and there is no mechanism defined in CT1 to control the behaviour of the UE in CONNECTED mode. Thus, to answer Q8 from RAN2, if the CS/PS mode 1 UE initiates a PS call in GERAN/UTRAN, there is no way for the UE to prevent the network from moving the UE to E-UTRAN. Consequently this is one limitation for the UE based approach that the CS calls may not be available when the UE is in CONNECTED mode if the UE is in E-UTRAN when the call is initiated (MO and MT).
Behaviour of CS/PS mode 2 UEs
By definition, a CS/PS mode 2 UE is a CS fallback capable UE, configured to use CS fallback, but with PS services preference. 
This means that the UE, if it failed to register to CS domain, can remain in E-UTRAN with the risk that CS calls (MO/MT) are not possible. And, to answer Q12 and Q15 from RAN2, there is no mechanism defined so far in CT1 to handle the situation when a CS/PS mode 2 UE, not registered to CS domain, attempts a CS call in Idle mode, nor a mechanism to handle the situation when a CS/PS mode 2 UE is PS connected, not registered to CS domain, and a CS call is initiated.
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