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Comparison of Local TLLI and 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], [G2-040247] it has been discussed that Local TLLI derived from the target cell P-TMSI allocated by the SGSN upon receiving a signaling message for PS handover request (Prepare PS Handover Request [TS 43.129(v0.4.0)]) is the preferred solution when compared to Foreign TLLI [G2-040311] due to the problems with collision of TLLI. 

This paper compares the two solutions. It shows that the usage of Local TLLI will introduce changes in the GMM procedures. A solution for the collision problem of the Foreign TLLI is also proposed. Consequently it suggests that the Foreign TLLI is used for addressing resources in the target cell.

1. BackgrounD Information - Allocation of P-TMSI and TLLI type during Routing Area Update Procedure

The allocation of P-TMSI during RAU as well as the handling of the LLC-PDU is depicted in Figure 1.
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Figure 1 Inter SGSN Routing Area Update Procedure [TS23.060] and data transfer

As depicted in Figure 1 and according to [TS24.008]:  

· MS receives the new P-TMSI only when it receives the ROUTING AREA UPDATE ACCEPT;

· MS utilizes Foreign TLLI during the RAU procedures as 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.

· MS deletes the Old-PTMSI when receiving a DL LLC PDU with the Local TLLI derived from the new P-TMSI;
· 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;

· SGSN deletes the old P-TMSI when receiving an UL LLC PDU with the TLLI derived from the new P-TMSI;

In TSG GERAN WG2, it has been agreed that during PS handover in order to keep the GMM 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. 

With respect to data transfer during PS handover and consequently during the RAU procedure, as specified in [TS44.064] a data logical link connection between MS and SGSN is identified by the SAPI and TLLI. SAPI is carried in LLC frames while TLLI is carried in BSSGP messages as defined in [TS 48.018] and in RLC/MAC blocks as defined in [TS 44.018]. The usage of these identifiers during RAU is depicted in the Figure 2. 
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Figure 2. TLLI types during Routing Area Update procedure on the Um and Gb interface

The assignment, unassignment and the change of TLLI in MS and SGSN is controlled by the GMM by means of LLGMM-ASSIGN primitive defined in [TS44.064.] Upon new P-TMSI allocation the GMM will request assignment of the new TLLI by means of LLGMM-ASSIGN-REQ (see Figure 3). The data link connection will be identified by the TLLI derived from the new P-TMSI. When there is no P-TMSI assigned, the logical link state on the MS side is on the TLLI unassigned state. 
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Figure 3: TLLI assignment procedure [TS44.064]

2. Usage of Local TLLI derived from a target cell P-TMSI during PS handover

The usage of Local TLLI derived from a target cell P-TMSI as described in [G2-040247] is depicted in Figure 4.

The main assumption of the concept is that the new P-TMSI/L-TLLI is allocated to the MS during the preparation phase. This TLLI is not send to the MS but only to the BSS as MS can continue on the same TBF as in the old cell. In case the TBF fails due to for example bad radio link conditions than PS handover has failed and MS will utilize the Foreign TLLI to establish the UL TBF.

In [G2-040247] the usage of new P-TMSI / L- TLLI is analyzed and it is concluded that there will be no impact on the GMM procedures in the MS. However as a result of this handling of the P-TMSI, the GMM procedures, as depicted in Figure 4 will be affected as:

· MS side: MS sends data under the assumption it is still in RAU updating mode;

· SGSN side: SGSN sends data with the Local TLLI under the assumption that RAU has completed, i.e. SGSN behaves before RAU (see Figure 4) same as SGSN after RAU (Figure 1).  

· Following the GMM procedures after the SGSN receives the 1st UL data with the local TLLI, SGSN may remove the old P-TMSI.

· There will be no differentiation between the LLC PDU send before and after RAU and therefore the conditions defined in [TS24.008] on P-TMSI handling applying to the removal of the old P-TMSI in MS and SGSN will not hold.

From the LLC layer perspective there is no peer – to – peer data logical link as:

· for the MS LLC PDU received and send are still associated with the old Local TLLI, i.e. MS logical link state is on the TLLI unassigned state as there is no P-TMSI allocated at the MS;

· for the SGSN LLC PDUs received and send are associated with the new TLLI, i.e. SGSN logical link state is on the TLLI assigned state;
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Figure 4 Inter SGSN PS / RAU Procedure [TS23.060] and data transfer – Local TLLI Solution
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Figure 5. TLLI types utilized during PS / RAU procedure on the Um and Gb interface –Local TLLI solution.

Based on the above utilizing Local TLLI derived from a new P-TMSI for DL and UL data transfer during PS Handover will lead to changes in the GMM procedures.

3. Usage of Foreign TLLI derived from a target cell P-TMSI during PS handover  

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. 

However compared to the Local TLLI, usage of Foreign TLLI as described in [G2-040311] introduces no changes in the GMM neither in MS and neither in SGSN. 
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Figure 6. Inter SGSN PS / RAU Procedure [TS23.060] and data transfer – Foreign TLLI Solution
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Figure 7. TLLI types utilized during PS / RAU procedure on the Um and Gb interface – Foreign TLLI solution.

As it is depicted in Figure 6, Figure 7 respectively when Foreign TLLI is used for addressing resources in the target cell there is no difference in P-TMSI handling in case of PS handover and RAU procedure (see Figure 1 and Figure 2).

3.1 Foreign TLLI Collision Problem –Solution

In GERAN2#18bis the usage of Foreign TLLI during PS Handover has not been seen as acceptable due to collision problem. This problem does not however become more severe due to PS handover and it is as critical as currently during RAU procedures.  But, during the PS handover due to data transfer the impact of the collision problem in data transfer is more serious. 

The collision problem of the Foreign TLLI both for uplink and downlink data transfer during PS Handover can be solved utilizing the existing mechanisms in BSS and SGSN.

Solution

The SGSN receives Old P-TMSI, Source Cell Identifier upon receiving the signaling message requesting a PS handover (Prepare PS Handover Request [TS43.129 (v0.4.0)]) 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 TFIs and timeslot number.  

Utilizing the Source Cell Identifier in data transfer 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 downlink data BSSGP PDUs IMSI can be utilized, which will avoid any collision problems on the downlink PDUs. IMSI is an optional IE on the DL-UNITDATA PDU in [TS48.018];

· 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. 

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.

4. Conclusions

Based on the above description Local TLLI derived from a target cell P-TMSI is not suitable to be used for addressing resources in the target cell during PS handover as it introduces changes in the GMM procedures. Foreign TLLI on the other hand, seen that the collision problem can be avoided completely by utilizing the Source Cell Identifier additionally to the Cell Identifier in the UL BSSGP PDU, is appropriate to be used in the PS handover, as it does not introduce any changes on the GMM procedures. Furthermore, the conditions for the removal of the restriction on the UL data transfer in [TS24.008] depicted in [G2-040309] will apply fully. 
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