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Usage of Foreign TLLI for addressing resources in the Target Cell 

during PS handover 
Packet-Switched (PS) handover procedure minimizes service interruption times by enabling allocation of resources in the target cell for an MS with one or more PS services while MS is still in the source cell. The resources assigned in the source cell are to be addressed by a TLLI derived by SGSN from a valid P-TMSI. This TLLI will be used by the MS/SGSN for signaling and data transfer in the target cell during PS handover. 

In [GP- 040201] it has been discussed that Local TLLI derived from the target cell P-TMSI allocated by the SGSN upon receiving a PS handover request used in the target cell only, is the preferred solution when compared to handover TLLI [G2-040084] due to the problems with collision of TLLI.

In GERAN#18 it has been agreed that the TLLI to be used in the target cell should meet the following requirements:

· allow for continuous uplink data transfer during the PS handover regardless of whether MS is in the source or the target cell;

· reduced collision probabilities during RA change;

· smooth PS handover failure recovery;   

· can be used by the network nodes for differentiation between MSs involved in PS handover and RAU procedures and MS not subject to PS handover, but involved in RAU procedures. 

The usage of Local TLLI is discussed considering the above requirements. It is shown that the Local TLLI does not fulfill these requirements. Foreign TLLI on the other hand is shown to be the most suitable one.

1. Local TLLI

There are two types of Local TLLI that can be used in the target cell during PS handover:

· Local TLLI derived from a target cell P-TMSI;

· Local TLLI derived from a Source cell P-TMSI;

 Both these options are discussed below.

1.1 Local TLLI derived from a target cell P-TMSI 

Early allocation of P-TMSI and its usage for determining the local TLLI of the target cell introduces several problems: 

1. Usage of the new cell P-TMSI assigned to MS before the MS moves to the target cell will have an impact in current P-TMSI handling procedures, as the specification of P-TMSI handling procedures [TS24.008] is applicable in case of Routing Area Update (RAU), Attach and P-TMSI reallocation procedures [TS23.006, TS24.008] when P-TMSI is assigned for MS already residing in the new cell, but it does not cover the handling of P-TMSI if allocated for MS before it has moved to the new cell. This would result into:

MS side:

·   MS receives the new P-TMSI only when it receives the ROUTING AREA UPDATE ACCEPT, thus MS does not know the value of the new P-TMSI during PS handover;

·   MS cannot derive a TLLI from the target cell P-TMSI without acknowledging the acceptance of this P-TMSI to the target SGSN. This would require a new mechanism;

·   MS will have to cope with the failure cases as well, for example when access in target cell fails and MS returns in the source cell, 
Network side:

· SGSN may send downlink data with the TLLI derived from a target cell P-TMSI only when MS sends an acceptance i.e., ROUTING AREA UPDATE COMPLETE of the target cell P-TMSI and when SGSN receives LLC PDU with the local TLLI built from the target cell P-TMSI. Considering that RAU procedure will be performed after the PS handover procedure the service interruption will be even larger during PS handover than during RAU procedure;

· SGSN will have to be enhanced with mechanisms to differentiate between the MS involved in PS handover and RAU procedures and MS not subject to PS handover, but involved in RAU procedures. Due to similarities between the PS handover and RAU procedures concerning the P-TMSI handling this differentiation cannot be done without affecting current RAU procedures and consequently MM procedures;

2. Changes in the GPRS mobility management (GMM) procedures resulting in modified RAU procedure due to exchange of the MM and PDP before the MS initiates a RAU procedure, i.e. sends a ROUTING AREA UPDATE REQUEST message in the target cell. According to 3GPP TS 23.060 and 3GPP TS 24.008 when routing area changes the mobile station should initiate Routing Area Update (RAU) procedure. In order to keep the MM procedures unaffected the Routing Area Update procedures are to be performed as is currently defined in TS 23.060, TS24.008 regardless of PS handover procedure.

1.2 Local TLLI derived from a source cell P-TMSI

In GERAN#18 the possibility of using the source cell Local TLLI in the target cell has been discussed. Resources will be addressed with a Local TLLI derived from a target cell P-TMSI, which MS does not know. The assumption is that the MS does not need another TLLI until it receives the correct P-TMSI during RAU and that a PS handover reference is enough to be used for MS identification at the target BSS.

However, in case the UL TBF is released before the MS received the new P-TMSI, then for establishing the UL TBF the MS will use the old Local TLLI, which BSS does not recognize. This will lead to PS handover failure. 

Also, currently RAU messages in the new cell are sent using the Foreign TLLI. Allowing the MS to use Source cell Local TLLI would result in sending RAU messages with this TLLI. 

Therefore based on the above:

· Usage of local TLLI derived from a source cell P-TMSI cannot be used in the target cell. 

· Early allocation of P-TMSI is needed in SGSN in order to construct the MSs MM and PDP contexts, but the TLLI used for addressing the resources should not be of the local type.

2. Foreign TLLI

As defined in [TS23.060], [TS24.008] an MS derives a foreign TLLI from its P-TMSI if an MS does not have a valid P‑TMSI associated with the current routing area or if an MS performs a GPRS attach or RAU procedure.  After a successful GPRS attach or routing area update procedure, independent whether a new P-TMSI is assigned, if the MS has stored a valid P-TMSI then the MS shall derive a local TLLI from the stored P-TMSI and shall use it for addressing at lower layers.

During PS handover procedure MS could use Foreign TLLI in the target cell in the same manner as described currently. Consequently SGSN will have to use the Foreign TLLI derived from the source cell P-TMSI to address the resources in the target cell. Usage of Foreign TLLI during PS handover is depicted in Figure 1. MS and SGSN involved in PS handover will derive Foreign TLLI from the source cell P-TMSI, i.e. P-TMSI in use by the MS, upon sending a signaling message requiring PS handover.
However according to the current specifications:

· Foreign TLLI is derived and used for signaling by the MS when it does not have a valid P-TMSI associated with the current RA and when performing GPRS attach and RAU procedure;

· In GSM, user data transmission at MS is suspended during routing area updating procedure and P-TMSI reallocation procedures. This means that during PS handover MS will not be able to send any uplink data until the RAU procedure is completed, which will result in service interruption for some PS services, e.g. conversational class services;

· SGSN may start sending downlink data (as of Release 6) as soon as it receives MSs MM and PDP contexts. As suggested in [GP-0300672] downlink data transfer may start as soon as SGSN has received the ROUTING AREA UPDATE REQUEST. In [G2-030047] it is proposed to use Foreign TLLI for addressing the downlink data transfer, but according to the specifications only MS can derive and utilize the Foreign TLLI for signaling and data transfer;

· While the change from Local TLLI to Foreign TLLI is defined in the specification, the switch from Foreign TLLI to Local TLLI needed in case of PS handover failure needs to be defined.
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Figure 1 Foreign TLLI values identifying the logical link between MS and SGSNs during Intra-SGSN and Inter-SGSN PS handover

Based on the above, as is currently specified, Foreign TLLI can be used during PS handover if the specifications are changed to allow for uplink data transfer in GSM. As described in [G2-040309] this can be done only 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]. 

3. Usage of FOREIGN TLLI during PS handover

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]. 

3.1 Foreign TLLI handling during PS handover 

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;

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

MS and SGSN should be able to receive data with both Local TLLI and H-Foreign TLLI.  This is needed in case of PS handover failure. 

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;

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

4. Conclusions

Based on the above description:

· Local TLLI is not suitable to be used for addressing resources in the target cell during PS handover;

· Foreign TLLI as is currently defined in the specifications is appropriate to be used in the PS handover provided that the uplink data transfer restriction is removed as:

· Allows continuous uplink and downlink data transfer during the PS handover regardless of whether MS is in the source or the target cell without introducing any changes in current MM;

· resources in the target cell can be addressed by a TLLI derived from a valid P-TMSI that can be used in both cells and does not have to be signaled to the MS;

· compared to Handover TLLI, probability of collisions during RA change is smaller;

· smooth PS handover failure recovery. 

· considering different functionality related to the PS handover, it can be used by the network nodes for differentiation between MSs involved in PS handover and RAU procedures and MS not subject to PS handover, but involved in RAU procedures; 
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