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Usage of Foreign TLLI for reliable PS handover 
The issue of the TLLI type to be used in Packet-Switched (PS) handover procedure has been discussed quite lengthy in GERAN during the 1st half of 2004, until it was agreed in GERAN2#19bis to utilize the Local TLLI derived from a new P-TMSI assigned by the new SGSN. This was seen as the best solution as it minimizes collisions in the SGSN. The new P-TMSI/Local TLLI is not known to the MS.

During the GERAN#22 it has been discussed that the Handover Reference in the PS handover Access message is not enough to provide unique identifier for the MS in the target BSS resulting in unreliable PS handover. By providing the MS’s TLLI to the target BSS in the initial access in the target cell this problem would be avoided. However with the current solution in TS43.129 MS and target BSS / new SGSN utilize different TLLIs.

In this discussion paper solutions utilizing Foreign TLLI during PS handover are revisited in order to solve the unreliable PS handover problem as well as the collision problem in the new SGSN. 

1. Usage of Foreign TLLI in initial access DURING PS Handover

In order to provide reliable PS handover, an MS after sending the PS Handover Access messages formatted as four access bursts should sent and uplink RLC/MAC block with the TLLI derived from its old P-TMSI same as during contention resolution in TS44.060. The target BSS should have the same TLLI as the MS to be able to identify the right MS on the allocated resources in the shared channel. Once the target BSS identifies the right MS it shall send the PS Handover Complete to the new SGSN. The target BSS sends also PACKET UPLINK ACK/NAC to the MS to the mobile station indicate the status of the received RLC data blocks. This message may also update the timing advance and power control parameters.   

This solution is depicted in Figure 1. 
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Figure 1. Successful and reliable access in the target cell during PS handover

However as is currently described in TS43.129, the new SGSN and target BSS utilize Local TLLI derived from a new P-TMSI in the new SGSN. This new P-TMSI is not known to the MS, which will derive a Foreign TLLI from its old P-TMSI. Thus the solution presented in Figure 1 will not work with the current solution in TS43.129 (see Figure 2).      
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Figure 2. Reliable PS handover solution and current usage of TLLIs in TS43.129

There are two feasible solutions to this problem: 

· Option 1: Utilizing Foreign TLLI on the Gb interface 

· Option 2: Utilizing Local and Foreign TLLI on the Gb interface in the target cell. 

2. Utilizing only Foreign TLLI during PS Handover

A feasible and straightforward solution to the problem described above is if Foreign TLLI is utilized until the completion of the PS handover also on the Gb interface. In this case MS, target BSS and SGSN will utilize the Foreign TLLI derived from the old-PTMSI until the completion of RAU. This solution is depicted in Figure 3. 
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Figure 3. Utilizing Foreign TLLI for reliable PS handover 

As is currently specified, Foreign TLLI can be used during PS handover under certain conditions:

· New P-TMSI is assigned in the target cell:

· MSs MM and PDP contexts are already constructed in SGSN;
· P-TMSI handling by the MS and the network is the same as defined in [TS24.008].

In order to enable continuous uplink and downlink data transfer during the PS handover using Foreign TLLI there is a need to differentiate between the Foreign TLLI used during PS handover and the Foreign TLLI used commonly. In particular this is needed due to the fact that while MS can derive a Foreign TLLI as it doesn’t have a valid P-TMSI associated with the RA in the new cell, in PS handover case, SGSN should derive a Foreign TLLI as well from a source cell P-TMSI while it has assigned a valid P-TMSI for the target cell. Prior to this SGSN should check whether the Foreign TLLI is in use already in this RA. Also only an MS involved in the PS Handover may send uplink data using Foreign TLLI. In all other cases the restriction on uplink data transfer in [TS24.008] is valid.

Therefore the functionality related to the Foreign TLLI utilized during PS handover is different from the current handling procedures of Foreign TLLI.  However, it has to be noted that the specification of Foreign TLLI utilized during PS handover is exactly the same as defined in [TS23.003]

The Intra-SGSN and Inter SGSN Foreign TLLI related node responsibilities are listed below. 

Foreign TLLI handling during intra-SGSN PS Handover:

· If SGSN assigns a new P-TMSI, SGSN will derive a Foreign TLLI for addressing resources in the target cell, creating the BSS PFCs for the MSs packet flows. SGSN will use this Foreign TLLI for downlink data transfer in the target cell. For the duration of PS handover SGSN will keep: source cell P-TMSI, local TLLI, target cell P-TMSI, Foreign TLLI;

· MS will derive the Foreign TLLI from its source cell P-TMSI as soon as it is in the target cell. For the duration of handover will keep: source cell P-TMSI, local TLLI, foreign TLLI. MS will use Foreign TLLI until the completion of the RAU procedure, i.e. until it receives the target cell P-TMSI from which it will build a valid local TLLI to use for data transfer and signaling;

· Target BSS will handle the Foreign TLLI in the same manner as they handle any other TLLI type [TS48.018]. 

Foreign TLLI handling During Inter-SGSN PS Handover: 

· Target SGSN will build the Foreign TLLI based on the source cell P-TMSI upon receiving a message that indicates a request for PS handover. It uses Foreign TLLI to address resources in the target cell, to create BSS PFC for the MSs packet flows. Target SGSN will use this Foreign TLLI for downlink data transfer. For the duration of the PS handover procedure will keep: source cell P-TMSI, target cell P-TMSI, Foreign TLLI. 

· Source SGSN for the duration of handover will keep: source cell P-TMSI, Local TLLI. 

· MS will derive the Foreign TLLI from its source cell P-TMSI as soon as it is in the target cell. For the duration of handover will keep: source cell P-TMSI, local TLLI, foreign TLLI. MS will use Foreign TLLI until the completion of the RAU procedure, i.e. until it receives the target cell P-TMSI from which it will build a valid local TLLI to use for data transfer and signaling;

· Target BSS will handle the Foreign TLLI in the same manner as they handle any other TLLI type [TS48.018]. 

2.1.1 Collision problem at the SGSN   

In GERAN2#18bis the usage of Foreign TLLI derived from a source cell P-TMSI was not seen as a good solution for addressing the resources in the target cell. This is due to the collision problems in the network nodes that may happen when two or more MSs with the same Foreign TLLI from different RA access the same target cell. In GERAN#19 a solution to add the Source Cell ID to the UL data PDU was also not seen as a feasible solution.

Furthermore considering the TS 23.236, each SGSN will be configured with an NRI (Network Resource Identifier). NRI is part of every P-TMSI, which the SGSN assigns to an MS. This also means that there will be no collisions due to the usage of the Foreign TLLI in the new SGSN. 

However considering the importance of the problem of unreliable handover the solution discussed in GERAN#19 of utilizing source cell identifier needs to be considered for the cases when TS23.236 is not available. The SGSN receives the Source Cell Identifier upon receiving the signaling message requesting a PS handover from the source cell. 

As defined in [TS23.060], Cell Identifier is unique when presented with the RAI. During PS handover the Source Cell Identifier will consists of the old Cell ID, old RAI following the definition of the Cell Identifier in BSSGP TS48.018, which uniquely identifies the source cell. Source cell identifier, that is the old RAI and the old P-TMSI i.e. Foreign TLLI, will provide a unique identifier for the MS involved in the PS handover. 

The target BSS will receive the Source Cell Identifier upon receiving a PS handover Request from the Target SGSN. Target BSS keeps the Source Cell identifier for the duration of PS handover. On the air interface BSS differentiates MSes by means of Foreign TLLI, TFIs and timeslot number.  

Utilizing the Source Cell Identifier in data transfer (see Figure 4) there will be no collision problem with the Foreign TLLI.

In order to avoid collision due to the usage of the Foreign TLLI:

· The Target SGSN before assigning the new P-TMSI and allocating resources on the Gb interface will check whether the Foreign TLLI is already utilized; 

· On the uplink data BSSGP PDU the Cell Identifier is mandatory. Adding the Source Cell Identifier as well in the UL data PDU will avoid any collision problems with the TLLI, as SGSN upon receiving the UL-PDU will be able to associate the PDUs to the right MS by combining the received TLLI, i.e. Foreign TLLI and Source Cell Identifier that together provide a unique identifier of the MS. Optionally BSS could add the Handover ID (derived from the Handover Reference) to the uplink data as well. SGSN will keep the Handover ID and utilize it on the downlink data PDUs.  

· On the downlink data BSSGP PDUs Handover ID received from the target BSS will be utilized to avoid any collision problems on the downlink PDUs. IMSI could be utilized for the same purpose, but as it is an optional IE on the DL-UNITDATA PDU in [TS48.018] it may not always be available; 

The usage of the Source Cell Identifier on the UL together with the Cell identifier solves the collision problem of the Foreign TLLI during PS handover.

The impact with this solution to the BSSGP protocol is moderate. Target BSS will be required to insert the Source Cell Identifier in each of the UL data PS handover PDUs send on the Gb interface until the completion of RAU procedure, i.e. until the Local TLLI derived from a target cell P-TMSI can be utilized both by the MS and SGSN.
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Figure 4. Introduction of the Source Cell ID

3. Utilizing Local and Foreign TLLI during PS handover 

Following the solution as defined in TS43.129, Local TLLI and Foreign TLLI could be used during PS Handover, such that the New SGSN allocates a new P-TMSI and derives a Local TLLI from this, but at the same time it derives the Foreign TLLI from the old P-TMSI received from the old SGSN. 

The new SGSN sends both these identifiers to the target BSS, which will utilize both identifiers on the uplink.

The disadvantage is that the BSS will keep two TLLIs for the same MS and the BSSGP data will be identified with two TLLIs. This will impact the current functionality of the BSS as well as the related specifications. Currently the BSS keeps only a single TLLI and in case SGSN provides two TLLIs the previous one is replaced with the new one.  In this case BSS would be required to differentiate between the case when an old TLLI is replaced with the new TLLI and the case when BSS should keep both.   

4. Conclusions

Based on the above description it is suggested that Option 1 utilizing the Foreign TLLI is used during PS handover as it solves both the problem of the unreliable handover on the air interface as well as the collision problem in the SGSN. Further utilizing the Foreign TLLI there until RAU is completed is corresponding to the existing legacy procedures. 
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