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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 this paper three possible options are discussed:

· 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, which is the current option in TS on “PS handover for GERAN A/Gb mode” (Stage 2 draft);

· Foreign TLLI derived from the source cell P-TMSI used in the target cell;

· Handover TLLI derived from the source cell P-TMSI used in the source cell and target cell described [G2-040084];

1. Local TLLI 

In the current version (v0.9.0) of the technical report on the “Support of Conversational Services over the PS domain and consequently in the TS on “PS handover for GERAN A/Gb mode” (Stage 2 draft); it is described that a P-TMSI is assigned by the SGSN upon receipt of the signaling message indicating PS Handover request. This P-TMSI is conveyed to the MS by means of PS handover signaling messages, to enable MS to derive the valid local TLLI for data transfer in the target cell.  

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

1. New P-TMSI is send to the MS via PS handover signaling messages, which would require ciphering of PS handover signaling messages as according to [TS24.008], P-TMSI is send to the MS only via ciphered GMM messages, i.e. ROUTING AREA UPDATE COMPLETE and P-TMSI REALLOCATION COMPLETE. 

2. 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 has 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 for the duration of 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, in which case it needs to keep the source cell P-TMSI as valid for some time after receiving a downlink LLC PDU with the target cell local TLLI; 

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 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;

3. 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.

Figure 1 gives an overview of the P-TMSI/(local) TLLI that will be used for data transfer during Intra-SGSN and Inter-SGSN PS handover following the current specifications. 
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Figure 1 Local TLLI values identifying the logical link between MS and SGSNs during Intra-SGSN and Inter-SGSN PS handover

Based on the above:

· usage of local TLLI derived from a target cell P-TMSI is not applicable in case of PS handover procedure. 

· 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 3GPP TS 23.060, 3GPP TS 24.008, 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 2. 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 Foreign TLLI to Local TLLI is defined in the specification, the switch from Foreign TLLI and Local TLLI needed in case of handover failure is missing currently in the specifications.
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Figure 2 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 cannot be used during PS handover as it would introduce service interruption, i.e. continuous uplink and downlink data transfer will not be possible. Using Foreign TLLI would require changing the specifications to allow for uplink data transfer in GSM. This change would affect the existing procedures as well, such as RAU procedure. Allowing uplink data transfer for the PS handover procedure would in case of RAU procedure mean that MS may start sending uplink data as soon as it is residing in the target cell assuming that:

· MSs MM and PDP contexts are already constructed in SGSN;

· MS is authenticated in the target cell;

· MS has no roaming restrictions in the new LA/RA;

During PS Handover, however, these procedures are performed prior to routing area change by the MS. 

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 target 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. 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 source cell 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
	T
	T
	T
	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 source cell P-TMSI.
Handover TLLI is built from the source cell P-TMSI because the source cell P-TMSI is known and kept by all the nodes involved in PS handover in the source and target cell (see Figure 3).    
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Figure 3 Handover TLLI and TLLI values identifying the logical link between MS and SGSNs during Intra-SGSN and Inter-SGSN PS handover

The Intra-SGSN and Inter SGSN handover TLLI related node responsibilities are listed below. The detailed description of these procedures is given in [G2-040084].

During intra-SGSN handover TLLI handling:

· SGSN will keep: source cell P-TMSI, local TLLI, target cell P-TMSI, handover TLLI;

· MS for the duration of handover will keep: source cell P-TMSI, local TLLI, handover TLLI. MS will use handover 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 handover TLLI in the same manner as they handle any other TLLI type [TS48.018]. 

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

During Inter-SGSN handover TLLI handling: 

· Target SGSN will build the handover TLLI based on the source cell P-TMSI upon receiving a message that indicates a request for PS handover. It uses 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: source cell P-TMSI, target cell 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: source cell P-TMSI, local TLLI, handover TLLI. 

· MS will derive a handover TLLI and use for it uplink data transfer when receiving the PS handover command until the completion of RAU procedure. MS for the duration of handover will keep {source cell P-TMSI, source cell (local) TLLI, handover TLLI}

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

3.1.1 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 source cell P-TMSI and consequently source cell local TLLI until the completion of RAU procedure in the target cell. This enables MS to return to the source cell and continue seamlessly using source cell P-TMSI, source cell TLLI respectively without having to perform a RAU procedure in order to get a target cell 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 source cell TLLI for addressing resources. 

3.1.2 Handover TLLI definition and Collision

Due to the definition of the handover TLLI as given in Table 1, i.e. that Handover TLLI and Local TLLI are the same apart from the header bits there is a possibility of collision during RA change if the target SGSN has already assigned similar P-TMSI or if there is a PS handover already ongoing with the same HTLLI, even considering that  the cell identifier is also used for identifying the MS. 
Foreign TLLI definition on the other hand does not have the limitations given above and the collision is less likely to happen if Foreign TLLI defintion is used.

4. Conclusions

Based on the description of the three different TLLI types it can be concluded that:

· Local TLLI as described in Section 1 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 not appropriate to be used in the PS handover as:
· it does not allow for continous uplink 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 procedures. 
But, foreign TLLI definition has the advantage:

· compared to Local TLLI, 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;
· Handover TLLI is suitable to be used in PS handover because:

· 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;

· compared to Local TLLI, 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;

· 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; 

· smooth PS handover failure recovery.   

But, current Handover TLLI definition compared to Foreign TLLI increases the probability of collisions in the SGSN.

Therefore an appropriate TLLI type for addressing resources during PS handover procedure will need the advantageous features of the Foreign TLLI and Handover TLLI, such that it can satisfy the following requirements:

· 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;

· allow for continous 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.

5.  References
[G2-030047] “DL-Data during RAU”; GERAN #12bis, Source: Siemens
[GP-030672] CR to Streaming TR: DL Data during RAU, GERAN#14, Source: Siemens

[G2-040082] “PS handover and Routing Area Update”, GERAN#17bis, Source: Nokia







TSGG#18
1 /  (7)
TSGG#18
7 /  (7)

_1136817483.doc
		


		DOCUMENTTYPE

		

		1 (1)



		

		

		

		



		TypeUnitOrDepartmentHere

		

		

		



		TypeYourNameHere

		TypeDateHere

		

		









                 data transfer before/after PS handover 	







old (local) TLLI (old P_TMSI







new (local) TLLI (new P-TMSI)







new (local) TLLI(new P-TMSI)







old (local) TLLI (old P-TMSI)







old (local)TLLI (old P-TMSI)







                 data transfer during PS handover 	







ForeignTLLI (old P-TMSI)







local TLLI (old P-TMSI)







Foreign TLLI (old P-TMSI)







b) Inter-SGSN 







a) Intra-SGSN 















TargetSGSN







MS







new (Target) Cell







MS







old (Source) Cell















SourceSGSN







MS







new (Target) Cell







MS







old (Source) Cell















SGSN











_935227290.doc







_1136820265.doc
		


		DOCUMENTTYPE

		

		1 (1)



		

		

		

		



		TypeUnitOrDepartmentHere

		

		

		



		TypeYourNameHere

		TypeDateHere

		

		

















SGSN







MS







old (Source) Cell







MS







new (Target) Cell







local TLLI (old P-TMSI)







local TLLI (new P-TMSI)















SourceSGSN







MS







old (Source) Cell







MS







new (Target) Cell







local TLLI (old P-TMSI)







local TLLI (new P-TMSI)















TargetSGSN







a) Intra-SGSN 







b) Inter-SGSN 







handover TLLI (old-PTMSI)  







handover TLLI (old-PTMSI)  







handover TLLI (old-PTMSI)  







handover TLLI (old-PTMSI)  







                 data transfer during PS handover using handover TLLI	







                 data transfer before/after PS handover 











_935227290.doc







_1136813375.doc
		


		DOCUMENTTYPE

		

		1 (1)



		

		

		

		



		TypeUnitOrDepartmentHere

		

		

		



		TypeYourNameHere

		TypeDateHere

		

		

















SGSN







MS







old (Source) Cell







MS







new (Target) Cell







old (local)TLLI (old P-TMSI)







new (local) TLLI(new P-TMSI)







MS







old (Source) Cell







MS







new (Target) Cell







old (local) TLLI (old P-TMSI)







new (local) TLLI (new P-TMSI)















TargetSGSN







a) Intra-SGSN 







b) Inter-SGSN 







old (local) TLLI







new(local) TLLI







old (local)TLLI







new (local)TLLI







                 data transfer during PS handover 	















SourceSGSN







                 data transfer before/after PS handover 	











_935227290.doc







