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Resuming Downlink Data in DTM Handover Failure
1. Introduction

This short discussion paper highlights a problem with the current standards in the case of DTM handover failure with downlink TBFs.  The problem is described and three potential solutions are proposed.  Some conclusions are drawn about the best solution to this problem, and the opinion of GERAN WG2 is sought in order to determine what CRs would form an appropriate solution.  
2. Problem Definition
In the case where a DTM capable mobile needs to be handed over the CS handover procedures apply.  According to [1] section 6.3.1;

Handover failure cases are determined only from the CS timeslot. In the event of a handover failure, the mobile station shall return to the CS resource in the old cell and send a Handover Failure message on the main DCCH. The mobile station shall assume that all the packet resources were released during the handover and it shall try to re-establish the uplink resources if there is uplink data ready to be sent.

This means that if there is no uplink data to send any downlink data at the serving SGSN may have been suspended for an unknown period of time and that there is no trigger (other than any SGSN related timer) to resume the downlink data after the network has received the Handover Failure message.  

In the case of a successful handover, the mobile sends a Cell Update to the serving SGSN which acts as a trigger for the resumption of downlink data (see table 3 in section 6.4.1 of [1]).  

3. Potential Solutions

Siemens has identified three potential solutions to this problem.  The solutions are briefly described below.  

3.1. Cell Update

In the case where the mobile sends the Handover Failure message, it could be mandated to send a Cell Update to inform the serving SGSN that the mobile is back in the original cell and ready to receive data.  

This proposed solution is similar to the case with a Packet Cell Change Order message if the mobile station fails to move to the new cell.  
According to [2], if a mobile station fails in an attempt to change cell in a network controlled cell reselection procedure, it should send a Packet Cell Change Failure message and according to section 8.4.2:

If the mobile station determines that the network controlled cell reselection procedure has failed, the mobile station shall stop timer T3174 (if it is still running) and start timer T3176. The mobile station shall return to the old cell, where it may trigger a cell update or other GMM specific procedure. In case the mobile station synchronised and attempted to access the new cell before returning to the old cell, the mobile station shall trigger a cell update or other GMM specific procedure, as appropriate according to the GMM requirements (see 3GPP TS 24.008).

Thus the possibility exists for the mobile to send a Cell Update to the SGSN.  
3.2. Radio Status Procedure

The Radio Status procedure is currently used to signal between the BSS and the SGSN about the current status of the radio interface regarding the GPRS service.  According to section 7.3 in [3] a BSS may send a RADIO STATUS PDU with cause value “Cell reselection failure” in the event that the packet cell change order has failed.  
This possibility could be extended to cover the case where a DTM Handover has failed.  The SGSN, upon receiving this RADIO STATUS PDU, will be able to resume transmission of downlink LLC PDUs as stated in [3].  
However, this behaviour is dependent on whether the Enhanced Radio Status feature has been negotiated.  This feature is a Release-6 feature and is optional for the BSS and SGSN.  This cause value is not available for Release-5.  
3.3. Suspension/Resumption

The BSSGP suspension/resumption procedure is initiated by the mobile as stated in section 7.4 of [3].  The mobile will send a GPRS SUSPENSION REQUEST message on the main DCCH (see 44.018 for details) to the BSS.  The BSS will respond by sending a SUSPEND PDU to the SGSN.  
This procedure is currently defined to be used in the following circumstance:

· When a mobile station which is IMSI attached for GPRS services (see 3GPP TS 24.008) enters the dedicated mode, and when the mobile station limitations make it unable to handle both dedicated mode and either packet idle mode or packet transfer mode simultaneously. 

· When the mobile station in a class A mode of operation is handed over to a cell where the support of Class A mode of operation is not possible (e.g. a DTM mobile station entering a cell not supporting DTM).  

· When the GPRS attached mobile station is in a cell that does not support DTM and a circuit switched service is initiated.  

When the condition that caused the suspension no longer applies, the BSS shall either a) instruct the MS to initiate the Routeing Area Update procedure, or b) signal to the SGSN that an MS's GPRS service shall be resumed.  

In the case of b), the BSS sends a RESUME PDU to the SGSN to indicate that GPRS services can be continued.  The SGSN replies with a RESUME-ACK.  
The resumption of the GPRS service (or not) is indicated in the GPRS Resumption IE in the CHANNEL RELEASE message sent to the MS.  
The RESUME is tied to the SUSPEND that caused it by a unique reference number allocated by the SGSN.  One way to re-use this procedure to cater for the DTM Handover Failure case is to allow the BSS to initiate the procedure instead of the MS.  The BSS could detect the start of a handover and send a SUSPEND PDU to the SGSN and then detect the Handover Failure and send a RESUME PDU to the SGSN to restart downlink LLC data.  
4. Analysis
Using the GPRS suspension and resumption procedure triggered by the MS requires some extra signalling on the main DCCH which may delay CS call set-up and uses air interface bandwidth.  The alternative approach where the BSS sends a BSSGP SUSPEND PDU to the SGSN and a RESUME if it detects Handover Failure represents a significant change to the SUSPEND/RESUME procedures as it would now be possible for the BSS to initiate the procedure as well as the MS.  
The BSSGP SUSPEND/RESUME messages are not applicable in this case. They are meant to be used when there is no DTM capability (or DTM operation is no longer possible).  Sections 7.4/7.5 in [3] clearly state that these procedures are triggered by the MS.  If we want to change this, i.e. enable the BSS to use them autonomously, significant changes in the standards and in implementation are required.  Extreme care in the specifications would be required to avoid confusion, for instance clarifying when a SUSPEND procedure instead of a RADIO STATUS procedure should be used.  This could lead to problems in standards and implementation.  It is therefore highly desirable that the legacy SUSPEND/RESUME procedures (for non-DTM MS) be kept well separated from "suspend/resume" procedures due to cell changes (for both Packet Transfer Mode/DTM).

At the moment, the right procedure to stop DL traffic in this scenario would be the Radio Status one, where the BSS notifies the SGSN it has ordered the MS to perform a cell reselection.  The problem is that the "resumption" may be triggered by another Radio Status PDU (Cause value "Cell reselection failure"), but this is only possible if the Enhanced Radio Status procedure is available at both sides.  
A Cell Update has to be performed by the mobile in the successful Handover case anyway, so making the mobile send a Cell Update in the Handover Failure case would not be such a significant change.  In fact it would have no impact on BSS or SGSN and minimal impact on the MS.  

The Cell Update approach does use more radio interface bandwidth but only in the case of a HO failure which should be a rare event.  

5. Conclusion

The Radio Status procedures are not applicable as the enhanced Radio Status procedure, which has a suitable cause value, is optional and therefore does not solve the problem in all cases.  

The SUSPEND/RESUME procedure as currently defined is a mobile originated procedure to be used in the case where the new cell does not support DTM or where it is no longer possible to support DTM for the MS.  Although the procedure could be redefined to enable the BSS to initiate the procedure this would be a significant change to standards and could cause confusion between the Radio Status and SUSPEND/RESUME procedures.  
Mandating that the MS performs a Cell Update in the event of handover failure is the cleanest solution, although it requires some air interface signalling this is minimal as DTM handover failure should be an uncommon occurrence.  It is therefore recommended that the Cell Update solution be adopted.  
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