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1
Introduction 

1xCSFB allows a UE to register to a cdma2000 network through E-UTRAN/EPC tunnels. It also allows receiving cdma2000 paging messages while the UE camps on E-UTRAN. This document discusses a issue w.r.t the interaction of 1x CS Fallback with inter-eNB handovers causing CDMA2000 message loss. Since this issue could create a significant degradation in the user experience with CSFB, it may negatively affect the perception of users in regards to LTE usage compared with native CDMA. We describe the issue and propose a solution.

2
Discussion of Problem
To make a Mobile Origination or Mobile Termination calls using 1x CS Fallback procedures, it is necessary to perform an Extended Service Request to get redirection information from the eNB. After the UE receives redirection information, it tunes to the cdma2000 network and continues the cdma2000 call processing. Figure 1 shows the termination sequence for a UE to fallback to the 1xRTT network per [1], namely Figure B.2.3-1: CS MT call using fallback to CDMA 1x RTT network.
An issue with this procedure is during handovers DOWNLINK S1 CDMA2000 TUNNELING messages may not be delivered to the UE. A DOWNLINK S1 CDMA2000 TUNNELING message is a Class 2 procedure meaning no response occurs either. RAN recognizes message loss can occur during handover [2]. Figure 2 highlights msg loss due to a inter-eNB LTE handover at a critical part of Figure 1. The MME is not aware that a handover via X2 is taking place for the UE upon receiving a A21-1x Air Interface Signaling msg via S102 for 1xRTT CS Paging. Thus the MME will send the DOWNLINK S1 CDMA2000 TUNNELING message to the source eNB where it cannot be delivered to the UE given the UE has reconfigured in order to connect to the target eNB.  Thus for instance a 1xRTT CS Paging request message shown in step 5 of Figure 1 is not delivered due to a Inter-eNB HO.
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Figure 1 CS MT call using fallback to CDMA 1x RTT network
To use IWS retransmissions to account for the unreliable LTE link for CDMA2000 tunneling messages due to HO creates issues. The IWS is not aware whether the mobile is idle or connected in LTE. But when sending a CDMA2000 message, it matters whether the MME has to initiate LTE page procedures in order to be able to deliver the message to the UE or not. From a (GCSNA) L2 retransmission perspective, the IWS retry interval for a connected UE  likely would be a few hundred ms (typical 1x L2 retransmission interval), while if the UE is idle it’s rather many seconds (even 10 or more) to allow for maximum duration of the LTE page procedure. So setting a IWS retry period would be difficult and likely result in many duplicate messages at the MME and UE as the tunnelled GCSNA payload is transparent to LTE network elements.
There's another issue making IWS retransmissions impractical. The IWS will route downlink messages to the MME from where it received the latest UE 1x registration attempt. However, uplink messages are routed to a IWS based on reference cell ID mapping information at the MME. Depending on how 1x registration zones have been set up in the LTE network, including the setting of the total_zones parameter, it is possible for the UE to move to an area covered by a different IWS without re-registering (at least until the zone timer expires). In such a scenario, the IWS can request an acknowledgment and retry, but the L2 Ack will never be received, as the Ack is routed to a different IWS.
We note on the other hand that the AS provides reliable in-sequence delivery of NAS messages [2], in part by using  the NAS NONDELIVERY INDICATION message [3] to avoid problems associated with unreliable delivery. No such mechanism exists for tunnelled CDMA2000 messages. It is questionable how well this non-reliable delivery is understood by other groups when accounting for the end to end delivery of CDMA2000 TUNNELING messages. Some impacts of such message loss are discussed next.
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Figure 2. 1xRTT Paging Procedure with msg loss due to HO
Given the page loss during HO, a repage timer at the 1xMSC might expire after many seconds (e.g. 6-8 seconds) and trigger a repage, resulting in an additional 6-8 second delay in setup given the HO interaction depicted in Figure 2. Furthermore, since handovers can be frequent occurrences in a mobile environment, it’s to be expected that there will be a not insignificant number of  instances of a chain of such failures
 arising from multiple Paging attempts to a UE in the LTE system, with each failure adding 6-8  seconds of additional call setup delay. These will result in substantial call setup delays for UE’s camped on the LTE network. This is assuming the MSC repages. If the MSC does not repage (and it might require multiple MSC repages due to a chain of message losses to succeed), then a 1xRTT CS Fall back UE on the LTE network will not always get a page even though it has LTE coverage. This has greater implications if the dropped CS Page is due to an emergency callback where a PSAP is attempting to reach a UE which had originated an earlier emergency call as this could further cause concerns with meeting  the Regulatory Requirements of some countries.
Similar significant CSFB delay problems as described for the 1xPaging can also be shown for other scenarios, e.g. SSD Update, MT SMS and OTAPA. Regarding  CDMA2000 EHRPD, a session negotiation could take on the order of 2-4 seconds to complete and involve transfer of up to  50-60 messages. If a S1AP: DOWNLINK S1 CDMA2000 TUNNELING message is lost, a eHRPD may retry downlink messages, or session negotiation may need to be restarted from scratch. A means to ensure reliable msg delivery would be helpful as well.
3
Proposed Solution
Reliable delivery could be accomplished by extending the existing mechanism for loss of NAS messages to the loss of  DOWNLINK S1 CDMA2000 TUNNELING messages, namely by using a eNB non delivery to UE indication message that returns the non delivered message to the MME.  The MME could then resend it after the handover completes. In fact the existing S1AP non delivery indication message could be reused for this purpose except that the existing name would be rather confusing if used for DOWNLINK S1 CDMA2000 TUNNELING messages. So preferably a new message, e.g. a  Non NAS non Delivery message, with the same tabular except for the names, could be added to [3] for non NAS messages.
Given such a new message, the 1xRTT paging issue shown in Figure 2 could instead follow the sequence appearing in Figure 3.
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 Figure 3. 1xRTT Paging Procedure with no msg loss due to HO
4
Summary and Proposal
The loss of S1 CDMA2000 TUNNELING messages will likely occur using the current spec [3].  Loss of these messages will cause longer CSFB from LTE times compared with “native” cdma2000 1x calls. Emergency calls may not get delivered.  
This document proposes to make the LTE path reliable for CDMA2000 signalling as it is already for the NAS signalling so as to minimize end-to-end retransmissions by the endpoints. The assumption of reliable delivery relied on for LTE NAS should extend to 1xRTT messages so that the IWS and eHRPD can similarly assume the path between IWS and eHRPD AN and the UE is a reliable connection. The correction for this problem is already in place for the LTE NAS procedure making ready the solution for S1 CDMA2000 TUNNELING messages. 
A CR for such a solution is available [4] if the need for it is agreed.
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� RLF can also result in message loss, though the occurrences of RLF should be insignificant compared with handovers
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7. UE Context Modification Response
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13. UE Context Release
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7. UE Context Modification Request
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