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Rescue Channels

1. Introduction

It is well understood that reducing dropped calls is a critical aspect of system performance. From simulation data and performance of related CDMA based systems it has been found that often the mobile has a cell to handover to, but the necessary handover messages cannot be exchanged with the infrastructure. Coverage and interference problems typically prevent the necessary handoff control messages from being exchanged. This contribution proposes a solution to address the interference problems that disrupt the communication. In this category, interference often rises more quickly than traditional handover algorithms can react to it. This leads to the communication failure. Most typically CMDA systems are typically downlink limited and thus it is the failure of mobiles to receive the handover command due to rapid changes in interference that most likely cause this failure of communication..

2.
R99 handling

The loss of communication is identified through the synchronization status. In the DL direction, the layer 1 in the UE checks every frame of the dedicated channels to verify the synchronization status, and an indication is provided to the upper layers. In the uplink direction, layer 1 in Node B checks the synchronization status of all the radio link sets every frame and provides a status on a per radio link set basis.

The layer 1 reports on the synchronization status to the upper layers using CPHY-Sync-IND or CPHY-Out-of‑Sync‑IND primitives. The criterion for radio link failure is governed by RAN WG2 specifications, TS 25.331. When the UE L1 reports N313 "out-of-sync" indications to the upper layer, a timer T313 is started, at the expiry of which the radio link is considered to have failed and the call is dropped.

The handover procedure is triggered by the UE's sending of a measurement report indicating status of some of the neighbors in the neighbor list. The inclusion of the neighbors in the measurement report is governed by the triggering of measurement events - and this is in turn configured by the network. The UE may report the crossing of various thresholds by the different neighbors. The network on receiving this information in turn evaluates the events and communicates a handover message to the mobile if so desired.
A handover to a better cell is desired in order to reduce the interference being caused by this better cell and also to ensure that the mobile is communicating to the network at the lowest necessary power level. However, many times this very interference can hinder the successful signalling necessary to facilitate this handover. Thus it would be desirable at such times to facilitate handover without the need for this over-the-radio signalling.

The loss of signalling ability has been identified as one of the primary reasons for dropped calls. In these cases, there is plenty of received downlink power indicating that the UE would have been able to successfully access. The ability to access highlights the fact that there is sufficient coverage and multiple reception of pilots is not preventing the reception from one cell.

Proposed Solution - Rescue Channels

One solution is a technique called Rescue Channels. The idea is to pre-arrange a “meeting place” for the mobile to handover to in the event of disruption to this communication path. When communication is impossible, the mobile and infrastructure revert to in-band signaling to complete the necessary handover. 

With the pre-arrangement of a meeting place, the mobile is able to communicate with a rescue cell on a reserved channel. The rescue cell is most likely the handover candidate the mobile failed to establish a radio link with due to the inability to communicate the handover signalling. The UTRAN facilitates this by communicating to the rescue cell(s) to await reception from the mobile. On receiving the mobile transmission the UTRAN then enables the downlink transmission and the radio link to the mobile is restored.

Rescue Channel Procedure:

The most important procedure necessary to ensure successful handover in the rescue channel process is the successful delivery of the measurement report by the mobile to the network.

On origination or when sending a neighbor list, the UTRAN indicates to the UE the rescue channel information consisting of the reserved code, timer related information, etc. On losing downlink synchronization, the mobile disables its transmitter. 

There are essentially two mechanisms for implementing the Rescue channel solution:

1. UE initiated - In this case, 2 possibilities exist:

(i)
 the infrastructure makes an assessment of the likely rescue cell based on information available, using proprietary algorithms and uses these rescue cells to await transmission from the mobile, or

 (ii) 
the infrastructure does nothing but wait for a measurement report that indicates the mobile is expecting to be rescued by the cells indicated in the measurement report. Upon receiving the measurement report, the infrastructure can now continue with the active set update procedure.

Actions by UE: The mobile waits for a time dictated by the network to initiate the procedure. (this allows the UE to potentially regain in-sync before initiating the rescue procedure). When a candidate cell (not part of the active set) rises above a certain threshold the mobile the mobile will "promote" the desired rescue cell into its active set and use the reserved code for that cell. The mobile now sends a measurement report on the uplink. It includes an indication that it has "promoted" the rescue cell into its "active set" in the measurement report. Having sent the frame with the measurement report the mobile can in principle shut off its transmitter again and wait for DL transmission. In order to take into account a possibility that the rescue cell may be the only cell the mobile is able to communicate with, some additional dummy frames (they could be traffic frames as well) may need to be sent to enable the rescue cell to locate the mobile on the uplink. 

Actions by Network: It has been observed that given the downlink limited nature of most CDMA systems, the cells in the previous active set (prior to the mobile shutting off its transmitter) will in most cases receive the measurement report in addition to the rescue cell on the rescue channel. The network now having received all the necessary information can continue on with the active set update procedure. The infrastructure must use the rescue channel (cell,code) indicated in the measurement report for the rescue. As long as the mobile has "updated" its "active set" to include the rescue cell the mobile would receive this DL transmission. The DL transmission would then have the necessary signalling information for the mobile to potentially update its active set with a new one chosen by the Network based on the measurement report sent earlier. It is well possible that the rescue cell on receiving an uplink transmission from the mobile starts transmitting on the DL so that the mobile while awaiting the Active Set update message from the network can acquire sync. 

The UE initiated procedure requires the mobile to be able to transmit, albeit for a very brief time, no more than a few (2) frames at most to be able to send the measurement report to the network. However, by enabling this and keeping in mind the typical downlink limited scenario of CDMA systems, the network would have certain success in choosing a good rescue cell to enable the rescue procedure.

2. Network Initiated - In this technique, the network uses the last received measurement report from the mobile to prepare a rescue cell(s) to start the rescue process by transmitting on the DL. The mobile on receiving DL transmission on the previously arranged rescue channel proceeds with normal treatment of the active set update procedure. The issues related to this mechanism relate to the choice of DL frame offset of the rescue channel in order for the mobile to receive DL with the correct timing expected. In addition, the success of the rescue procedure is linked to the choice of the rescue cell(s) by the network for initiating DL transmission on the rescue channel which in turn is linked to the age of the last measurement report used by the network to make its decision.

Proposal

1. It is proposed that the Rescue Channel solution be adopted for Release 4.

2. It is also proposed to send a LS to RAN WG1 so that they may evaluate and comment on the feasibility of various approaches.

