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PS handover and Routing Area Update Procedure

In the current version (v0.9.0) of the technical report on the “Support of Conversational Services over the PS domain; related to GMM procedures it is defined that a modified RAU procedure is to be used when PS handover is supported. This is due to the fact that MS and SGSN need to have a valid TLLI built from a valid P-TMSI for addressing resources in the target cell. 

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 doesn’t cover the handling of P-TMSI if allocated for MS before it has moved to the new cell.  Usage of the new cell P-TMSI assigned to MS before the MS moves to the “new” cell will have an impact in current P-TMSI handling procedures. 

Furthermore as already defined in the TR due to similarities with Routing Area Update (RAU) procedures early allocation of P-TMSI will introduce changes in the GPRS mobility management (GMM) procedures resulting in modified RAU procedure as well. 

But early allocation of P-TMSI does not necessarily need to result in a modified RAU procedures nor changed to GMM, in fact what is currently missing is a TLLI type valid both in the source cell and target cell derived from a valid P-TMSI to be used for data transfer in both cells during the PS handover.  This kind of TLLI would enable continuous data transfer (uplink and downlink) during RAU procedures as well. More importantly a TLLI type valid in two cells will not introduce changes neither in the current P-TMSI handling procedures nor in the GMM procedures.  

As discussed in [GP-032600], RAU procedure performed after during PS handover will always be an Intra-SGSN RAU procedure as defined in [TS23.060], [TS24.008] regardless of whether MS is changing SGSN or not. This is due to the fact that during (inter-SGSN) PS handover, the MM and PDP context will be exchanged before the MS initiates a RAU procedure, i.e. sends a ROUTING AREA UPDATE REQUEST message in the target cell. 

In this draft proposal, the definition of the new TLLI type is given. Handover TLLI related procedures are described as well.

It is suggested that the new TLLI type definition and its related sections are added as part of the new version of the TR. 

1. Routing Area Update 

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. 

However, in order to allow continuous data transfer in the target cell before and during RAU, PS handover will have some impacts on the BSSGP and MM procedures as P-TMSI together with the radio resources for the target cell need to be assigned while MS is still in the source cell. 

During PS handover, the MM and PDP context will be exchanged before the MS initiates a RAU procedure, i.e. sends a ROUTING AREA UPDATE REQUEST message in the target cell. This simplifies the inter-SGSN RAU procedure as the target SGSN has the MM and PDP contexts before it receives the ROUTING AREA UPDATE REQUEST. This means that Inter-SGSN RAU procedure as described in TS23.060 is not needed in cases when the Inter-SGSN PS handover is supported. Instead, when PS handover is supported, Inter-SGSN RAU procedure should be exactly the same as Intra-SGSN RAU procedure.  

One issue is the early P-TMSI allocation and handling during the PS handover. This procedure should be kept preferably as is currently defined in [TS 24.008] regardless of the early P-TMSI allocation.

2. PS handover and early P-TMSI allocation handling

Figure 1 gives an overview of the P-TMSI/TLLI that will be used for data transfer during Intra-SGSN and Inter-SGSN PS handover following the current specifications. 

As is currently specified [TS 24.008] when the network assigns a “new”P-TMSI, the MS will keep the “old” P-TMSI and oldRAI until it receives in downlink an LLC frame with the TLLI derived from the “new”P-TMSI, while in the uplink it will use the TLLI derived from the “new”P-TMSI. However during PS handover as this P-TMSI has been assigned by the SGSN for the “new”cell, MS cannot accept it as soon as it receives it as the current “old” P-TMSI is still valid in the cell where it is residing, i.e. “source” cell. Further MS cannot use this P-TMSI to derive a TLLI for sending data as this P-TMSI is assigned for the other cell. This means that until it resides in the “target” cell, MS will have to keep and handle two P-TMSIs, the one assigned in the “source” cell and the one assigned in the “target” cell by the same or different SGSNs. Following the P-TMSI handling procedure it is only when MS is residing in the “target” cell that MS can replace the TLLI derived from the “old” P-TMSI with the TLLI derived from the “new” P-TMSI. Before doing this MS has to acknowledge the acceptance of this “new” P-TMSI to the target SGSN. A new mechanism will be needed to send this acceptance to SGSN as otherwise MS will have to use the RAU procedure messages, i.e. ROUTING AREA UPDATE ACCEPT message [see TS23.060] to do so. Considering that ROUTING AREA UPDATE ACCEPT is send after the PS handover procedure and at the end of RAU procedures, using this message to indicate the acceptance of the P-TMSI to SGSN this will increase the service interruption. Furthermore MS will also have to cope with the failure cases as well, for example when access in target cell fails and MS returns in the “source” cell, in which case it needs to keep the “old” P-TMSI as valid for some time after receiving a downlink LLC PDU with the “new” TLLI.  
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Figure 1 TLLI values identifying the logical link between MS and SGSNs during Intra-SGSN and Inter-SGSN PS handover

The network will consider “old” P-TMSI and oldRAI as invalid when it receives an LLC frame with the TLLI derived from the “new”P-TMSI. The network will use the “new” TLLI for addressing after receipt of the acceptance of the “new” P-TMSI from MS. During PS handover SGSN assigns a P-TMSI upon receiving a signaling message indicating PS handover request, while MS is still residing in the “source” cell.  Following the current P-TMSI handling, SGSN may send downlink data with the “new” TLLI only when MS sends an acceptance (i.e., ROUTING AREA UPDATE COMPLETE) of the “new”P-TMSI and when SGSN receives LLC PDU with the TLLI built from the “new”P-TMSI.  Same as during RAU procedure, SGSN, during PS handover will receive MSs PDP and MM contexts. SGSN may start sending downlink data (as of Release 6) as soon as it receives these contexts. During RAU procedures it uses foreign TLLI for addressing in downlink data transfer, but while in case of RAU procedure this is applicable as MS is residing in the “new”cell already, i.e. MS has already send ROUTING AREA UPDATE REQUEST, during PS handover downlink data send in the “new”cell while MS is still in the “source” cell will be lost. Furthermore, if applied in PS handover, this requires that MS handles “old” P-TMSI/ “old”-TLLI, “new”P-TMSI/ “new”TLLI and foreign –TLLI as well.

The network will have to be enhanced with new mechanisms in order 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, because as it can be seen from the above the specified handling of P-TMSI cannot be applied in a straightforward way in case of PS handover. 

In order to allow for data transfer during PS handover and keep current P-TMSI handling procedures unaffected what is needed is a “new”TLLI type, i.e. handover TLLI. Handover TLLI would be valid in two neighboring cells and their related nodes involved in PS handover and would be used for data transfer. Handover TLLI could also be used during RAU procedures in order to reduce service interruption.

3. Handover TLLI  

In order to enable continuous uplink and downlink data transfer during the PS handover regardless of whether MS is in the “source” or the “new”cell without introducing any changes in current MM procedures, a new Temporary Logical Link Identity (TLLI) type is needed. This TLLI is named handover TLLI as the primary purpose of this TLLI is to be used for data transfer during PS handover (see Figure 2). This TLLI will have to be defined and standardized by defining a new value in [TS 23.003]. Handover TLLI will be computed independently by each of the nodes involved in PS handover from the “old” P-TMSI, i.e. P-TMSI in use by the MS, upon sending a signaling message requiring PS handover. The Handover TLLI is to be defined as shown in the table below. 

Table 1: TLLI structure (3GPP 23.003)

	31
	30
	29
	28
	27
	26 to 0
	Type of TLLI

	1
	1
	T
	T
	T
	T
	Local TLLI

	1
	0
	T
	T
	T
	T
	Foreign TLLI

	0
	1
	1
	1
	1
	R
	Random TLLI

	0
	1
	1
	1
	0
	A
	Auxiliary TLLI

	0
	1
	1
	0
	X
	X
	Reserved

	0
	1
	0
	X
	X
	X
	Reserved

	0
	0
	0
	0
	G
	G
	Part of the assigned G-RNTI

	0
	0
	0
	1
	R
	R
	Random G-RNTI 

	0
	0
	1
	H
	H
	H
	Handover TLLI


A Handover TLLI is built by an MS, SGSN that have a valid P-TMSI as follows:


bits 31 down to 30 are set to 0; and


bit 29 is set to 1


bits 28 down to 0 are set equal to bits 28 to 0 of the “old” P-TMSI.
Handover TLLI is built from the “old” P-TMSI because the “old” P-TMSI is known and kept by all the nodes involved in PS handover in the “source” and “target” cell (see  Figure 1,Figure 2).    

3.1 Handover TLLI Handling

Depending on whether the PS handover is an intra-SGSN or inter-SGSN there are two procedures defined for handover TLLI handling:

· Intra-SGSN handover TLLI handling

· Inter-SGSN handover TLLI handling 

Figure 2 gives an overview of the P-TMSI/TLLI that will be used for data transfer during Intra-SGSN and Inter-SGSN PS handover utilizing the handover TLLI.
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Figure 2 Handover TLLI and TLLI values identifying the logical link between MS and SGSNs during Intra-SGSN and Inter-SGSN PS handover

3.1.1 Intra-SGSN handover TLLI handling

SGSN will build the handover TLLI based on the “old” P-TMSI upon receiving a message that indicates a request for PS handover.  If needed SGSN will assign a ‘new’ P-TMSI for this MS for the “target” cell. SGSN will use this handover TLLI to address resources in the target cell, to create BSS PFC for the MS. SGSN will use this handover TLLI in data transfer, bi-casting included for the duration of the PS handover. SGSN will keep {“old”P-TMSI, “old” TLLI, “new” P-TMSI, handover TLLI}

MS upon receiving a message indicating that the request for PS handover is accepted will build a handover TLLI and use it for uplink transfer. MS for the duration of handover will keep {“old” P-TMSI, “old” TLLI, handover TLLI}. MS will use handover TLLI until the completion of the ROUTING AREA UPDATE procedure, i.e. until it receives the “new” P-TMSI from which it will build a valid local TLLI to use for data transfer. 

MS sends a ROUTING AREA UPDATE REQUEST (“old” P--TMSI, “old” RAI, “old” P--TMSI Signature, Update Type) to the SGSN. SGSN based on the “old” P-TMSI it recognizes that this MS is subject to PS handover, i.e. it has received “old” P-TMSI with PS Handover Request. SGSN same as during Intra-SGSN RAU [TS24.008, 23.060] sends back to the MS, ROUTING AREA UPDATE ACCEPT with the “new” P-TMSI. MS acknowledges the “new”P-PTMSI with the ROUTING AREA UPDATE COMPLETE message. From this point MS and SGSN will replace the handover TLLI with the local  TLLI derived from the “new” P-TMSI, following exactly the specified P-TMSI handling procedures [TS24.008].

Following these procedures MS keeps the “old” P-TMSI/TLLI and handover TLLI as valid until it receives an LLC frame from the network with the “new” TLLI. SGSN keeps the “old” P-TMSI, “old” TLLI and handover TLLI as valid until it receives an LLC frame from MS with the “new” TLLI.

Source and Target BSS will handle the handover TLLI in the same manner as they handle any other TLLI type [TS08.18]. SGSN provide the source and target BSS respectively with the current TLLI identifying the MS. If an SGSN provides a second TLLI for this MS, the first TLLI will be considered as an “old” one and it will be used by BSS to locate MSs context, although “old” TLLI is an optional IE in the PDU [TS08.18]. Subsequent uplink data transfer from MS will use the “new” TLLI.

Therefore in the “source” cell Source BSS has the TLLI derived from the “old” P-TMSI when it receives the handover TLLI from the SGSN while in the “new”cell, target BSS has the handover TLLI to refer to MSs contexts and it receives the “new” TLLI derived from the “new” P-TMSI after the RAU procedure, i.e. when SGSN receives the ROUTING AREA UPDATE COMPLETE.

MS and source SGSN even though they use handover TLLI they may still receive data with the “old” TLLI.  This is needed in case of PS handover failure. 

3.1.2 Inter-SGSN handover TLLI handling

Target SGSN will build the handover TLLI based on the “old” P-TMSI upon receiving a message that indicates a request for PS handover. Target SGSN will assign a “new” P-TMSI for this MS. Target SGSN will use this handover TLLI to address resources in the target cell, to create BSS PFC for the MSs packet flows. Target SGSN will use this handover TLLI for data transfer. For the duration of the PS handover procedure will keep {“old”P-TMSI, “new” P-TMSI, handover TLLI}

Source SGSN upon receiving a PS handover response from the Target SGSN will build a handover TLLI and use this TLLI instead of the local TLLI in data transfer. Source SGSN for the duration of handover will keep {“old” P-TMSI, “old” TLLI, handover TLLI}. 

Source SGSN starts sending downlink data to the MS as soon as it builds handover TLLI. While Target SGSN may start sending data with the handover TLLI as soon as it receives an indication that PS handover is completed.

MS upon receiving a signaling message indicating that the request for PS handover is accepted will build a handover TLLI and use for it uplink data transfer. MS for the duration of handover will keep {“old” P-TMSI, “old” TLLI, handover TLLI}. MS will use handover TLLI until the completion of the ROUTING AREA UPDATE procedure, i.e. until it receives the “new” P-TMSI from which it will build a valid local TLLI to use for data transfer. 

MS sends a ROUTING AREA UPDATE REQUEST (“old” P--TMSI, old RAI, old P-TMSI Signature, Update Type) to the Target SGSN. Target SGSN has the PDP and MM context for this MS and based on the “old” P-TMSI it recognizes that this MS is subject to PS handover. Target SGSN same as during Intra-SGSN RAU [TS24.008, 23.060] sends back to the MS, ROUTING AREA UPDATE ACCEPT with the “new” P-TMSI. MS acknowledges the “new” P-TMSI with the ROUTING AREA UPDATE COMPLETE message. From this point MS and SGSN will replace the handover TLLI with the local TLLI derived from the “new” P-TMSI, following exactly the specified P-TMSI handling procedures [TS24.008].

Following the specified P-TMSI handling procedures [TS24.008], MS keeps the “old” P-TMSI/TLLI and handover TLLI as valid until it receives an LLC frame from the network with the “new” TLLI. Target SGSN keeps the” old”” P-TMSI and handover TLLI as valid until it receives an LLC frame from MS with the “new” TLLI.

Source and Target BSS will handle the handover TLLI in the same manner as they handle any other TLLI type [TS08.18]. SGSN provide the source and target BSS respectively with the current TLLI identifying the MS. If an SGSN provides a second TLLI for this MS, the first TLLI will be considered as an “old” one and it will be used by BSS to locate an MSs context, although, “old” TLLI is an optional IE in the PDU [TS08.18]. Subsequent uplink data transfer from MS will use this “new”TLLI.

Therefore in the “source” cell Source BSS, replaces the “old” TLLI derived from the “old” P-TMSI with the handover TLLI send from Source SGSN. In the “target” cell, target BSS has the handover TLLI to refer to MSs contexts and it receives the local TLLI derived from the “new” P-TMSI after the RAU procedure, i.e. when target SGSN receives the ROUTING AREA UPDATE COMPLETE.

3.1.3 Handover Failure and Handover TLLI handling

The PS handover may fail due to various reasons, e.g. due to lack of resource in the “target” cell or due to failure of initial access in the “target” cell. 

The initial access in the target cell is the one affecting the handover TLLI handling, because as a result of this failure MS may go back to the “source” cell. If the initial access fails MS shall return to the “source” cell and send PACKET CELL CHANGE FAILURE with the appropriate cause as described in [TS44.060]. Currently, if MS was involved in simultaneous uplink and downlink packet transfer mode (or MAC-shared state) before the cell change it will, when going back to the “source” cell, establish a new uplink TBF and send PACKET CELL CHANGE FAILURE on this TBF and resume its uplink transfer. 

In order to make the PS handover failure recovery as smooth as possible, both MS and source-SGSN will keep “old” P-TMSI and consequently “old” TLLI until the completion of RAU procedure in the “target” cell. This enables MS to return to the “source” cell and continue seamlessly using  “old” P-TMSI, “old” TLLI respectively without having to perform a RAU procedure in order to get a “new” P-TMSI. Furthermore the resources in the “source” cell will be kept until the source SGSN, Source BSS receives an indication of completed PS handover procedure. 

Thus in case of PS handover failure when MS goes back to the “source” cell it will use the “old” TLLI for addressing resources. 

Another advantage is that in this way P-TMSI handling and RAU procedures will remain intact.

4. Conclusions

Introduction of the handover TLLI enables continuous uplink and downlink data transfer during the PS handover regardless of whether MS is in the “source” or the “new”cell without introducing any changes in current MM procedures. 

Furthermore this TLLI type 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. 

Therefore it is suggested that the handover TLLI type description and its related functionality presented in this document are included in the TR, as this TLLI type is beneficial for PS handover support in GERAN A/Gb mode and more importantly it does not impact existing MM procedures.  
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