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1. Introduction

At the last CT1 meeting (#72; in Shanghai), the case of mobile terminated (MT) 1x CS fallback call for a UE, which has moved away from the HeNB while IDLE, has LIPA PDN connection(s) only was discussed (see C1-112603 [1]). The solution proposed was not agreed by CT1, but it was acknowledged that the issue identified can occur and it may be considered abnormal case.

This paper analyzes the scenario of MT 1x CS fallback for a UE with only LIPA PDN connection, provides a number of possible solutions and asks CT1 to make a decision in order to conclude on the issue.
2. Discussion

2.1 Scenario
The scenario is an MT 1x CS fallback call with the following details:

1.
The UE supports and is configured to use 1x CS fallback with single Rx configuration;
2.
The UE is in EMM-IDLE with only LIPA PDN connection;
3.
The MME receives 1x CS paging request via S102, and initiates ‘normal’ paging; for EPS services (CN domain set to “PS”, and not to “CS”);
4.
The UE sends ‘normal’ SERVICE REQUEST message (EXTENDED SERVICE REQUEST with type “packet services via S1” only if the UE is Rel-10 and configured for NAS signalling low priority, and the network indicated support of the EXTENDED SERVICE REQUEST message with type “packet services via S1”);
5.
The MME replies with SERVICE REJECT with #10 (“Implictly detached”) to force the UE to re-attach;

6.
The UE re-attaches (ATTACH REQUEST message).
The above scenario can be mostly illustrated by using the figure B.2.3-1 of 3GPP TS 23.272 [2].
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Figure 1: CS MT call using fallback to CDMA 1x RTT network

One key point is whether the MT 1x CS call is always lost when the UE re-attaches to the network. 
It is important to consider that after completion of the attach procedure (including re-authentication), the MT 1x CS fallback should be performed by, for example, RRC release with redirection to 1x CS (Moving to 1xCS now can be fast). Hence, the delay should not be in most cases long enough till the point of losing the MT 1xCS call and the network provides help in order to move to 1xCS. In order to confirm this, we need to look to signalling logs and in our view we could say that round two (2) additional seconds delay would in most cases be needed, and therefore it will not be to the extent of losing the MT 1x CS call.
However, in our view the scenario brought up by C1-112603 [1] is valid and can take place but the frequency should not be high, and one could consider the case as abnormal if all conditions are matched and the MT 1x CS call is lost.
2.2 Possible solutions
One can think of several ways of attempting to solve the issue but we have to analyze whether they actually work always and the possible drawbacks.
1.
Delay of sending the SERVICE REJECT message

The CR in C1-112603 [1] proposes to delay the sending of the SERVICE REJECT with #10 till the completion of the transmission of the 1x CS paging request via the lower layers; the flow 5 in figure 1 (i.e., the MME first sends the DOWNLINK S1 CDMA2000 TUNNELING message to the eNodeB).
However, this solution was not agreed by CT1. As it was commented at CT1#72, it does actually not work since the MME cannot know the completion of the transmission of the 1x CS paging request via the lower layers.

Furthermore, there is a possible additional problem to the solution proposed in C1-112603 [1]. The UE can receive the ‘delayed’ SERVICE REJECT with #10 after sending the response to the 1x CS paging request (subsequent EXTENDED SERVICE REQUEST message for MT 1x CS fallback). In this case, the UE will believe that the SERVICE REJECT message is because of the last message sent, and will perform re-attach while the message was actually for the first service request procedure (as a response to the paging for EPS services).
2.
Use of SERVICE REJECT with #40
Since the problem of use of cause #10 is that the UE has to re-attach and this can lead to delay, one can think of using #40 instead, so the UE (re-)selects to 1x CS immediately using the mechanism already agreed in 3GPP TS 24.301 [3].

However, the possible solution does not work without further changes, since the mechanism introduced in 3GPP TS 24.301 [3] relies on the fact that the UE knows that the paging request received is for 1x CS fallback. This is not the case, since the paging is not for CS but for EPS services, i.e., CN domain set to “PS” (see bullet item 3 in section 2.1, and the flow 4 in figure 1).
3.
Sending of 1x CS paging on receipt of the SERVICE REQUEST message
One may think of sending the 1x CS paging request as soon as a correct SERVICE REQUEST message is received in the MME (response to paging for EPS services). This would amount to not sending the SERVICE REJECT message with #10, if the 1x CS signalling is pending at the MME. U-plane bearers cannot be established. The subsequent EXTENDED SERVICE REQUEST message for 1x CS fallback (flow 6b in figure 1) would then be ‘normally’ rejected with #40.

However, the behaviour for the case of a UE with only LIPA connection is changed since the MME should not locally deactivate the EPS bearer contexts associated with the LIPA PDN connection (Otherwise, the MME has to reject the service request procedure). This would also be considered against the stage 2 requirements on handling of this case, and changes in stage 2 would be needed.
4.
To enhance the paging request or SERVICE REJECT message 
Since one of the key points is that the UE does not know, when the first paging request comes, the paging request is due to MT 1x CS call waiting for being established, a way forward could be to provide indication to the UE. 
Hence, the paging request message could be to enhance in a way that provides an indication to the UE of subsequent 1x CS paging request. Another alternative could also be to enhance the SERVICE REJECT message. For instance, when the EMM cause value is set to #40, an indication is provided to inform the UE about the MT 1x CS call or a new cause value is defined with the same UE behaviour as #40 but provides information about this particular case.
However, any of the above possible solutions may be considered overkill since we will be making changes to the protocol for a very particular case which should not happen often. Additionally, these solutions would not be backward compatible with pre-Rel-10 UEs.

Other solutions may also be possible but they might be even more complex.

3. Conclusion

The case of mobile terminated (MT) 1x CS fallback call for a UE, which has moved away from the HeNB and has LIPA PDN connection(s) only, can lead to the loss of the MT 1x CS call for a UE in EMM-IDLE and not dual Rx/Tx.
The loss of the MT 1x CS call should not be frequent, though it can take place in some cases.
A number of possible solutions are outlined but most of them fail to solve the issue while others may require either protocol changes in CT1 (solution 4) or stage 2 changes (solution 3). Both solution 3 and solution 4 can solve the issue and initially the solution 3 seems the easiest way forward. If CT1 decides to adopt this solution, changes in stage 2 seems however necessary, e.g., 3GPP TS 23.272 [2].

It is proposed that CT1 discusses and decides how to conclude on the issue. CT1 may decide to live with the issue. If changes to CT1 specifications are finally required, we volunteer to provide the necessary contributions for future meetings.
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