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1. Scope

In GERAN#18 Meeting it was decided to use the P-TMSI pre-allocation concept, which provides the unique identifier for data transmission to the target side during the PS Handover procedure. Due to further discussions in GERAN#18bis this paper includes a comparison of the two main concepts: P-TMSI pre-allocation (->L-TLLI) and the HO-TLLI (F-TLLI concept) as well as an analysis of the P-TMSI allocation concept related to the failure recovery during PS HO and RAU, to distinguish the “normal” RAU procedure from the RAU procedure after PS Handover and how long the contexts on the source side are stored. 

2. Summary of the PTMSI-pre-allocation concept 

In GERAN#18 meeting the following working assumptions were agreed:

1. The P-TMSI pre-allocation concept was chosen to provide a unique identifier for the subscriber in the target side during the PS Handover procedure between BSS and SGSN. 

2. The new P-TMSI/TLLI (L-TLLI) is allocated by the t-SGSN during the PS Handover procedure and is valid in the new RA and unique in the new RA.

3. The derived L-TLLI is sent to the t-BSS only and not to the MS. It was clarified that there is no need to send the P-TMSI or the L-TLLI to the MS during the PS Handover procedures. Therefore the GMM in the MS is not affected.

4. The t-BSS receives the new L-TLLI) and adds the TLLI to each UL BSSGP PDU during the PS Handover procedure. 

5. Additionally a HO reference, which is a temporary identifier, seems to be required. This HO reference is assigned by the t-BSS and provided via s-BSS to the MS during the PS HO preparation phase. This temporary ID is necessary to have a unique identifier on Um for the MS in the target side.

The MS has to keep the following identifiers during the PS handover and finally after the RAU procedure:

	
	Cell
	Direction
	LLC
	GMM

	During PS HO
	Source Cell
	UL, DL
	Old-TLLI (local)
	Old P-TMSI/old RAI

	RAU
	Target Cell
	UL, DL
	New-TLLI (local)
	New P-TMSI/new RAI 


The MS keeps the old P-TMSI /TLLI pair during the PS Handover procedure. The TLLI value, which are needed for data transmission to the target side during PS HO, are only known in the t-BSS and t-SGSN and are not forwarded to the MS. 

During the RAU procedure following the PS Handover procedure the new allocated P-TMSI will also be signaled to the GMM in the MS (as already defined in the “P-TMSI reallocation procedure in the normal RAU case).

3. Comparison P-TMSI pre-allocation (L-TLLI) and HO-TLLI (F-TLLI) concept

	
	TLLI concept
	P-TMSI concept

	GMM change


	Not needed, old P-TMSI is sufficient
	Not needed, old P-TMSI is sufficient

	MS impact
	HO-TLLI and old P-TMSI is stored in the MS, HO-TLLI usage in the source cell is not clear
	Old TLLI/Old P-TMSI pair is stored for the source cell, (New-TLLI is used in the target cell but only known in the t-BSS)

	CN impact
	HO-TLLI derived from old P-TMSI during PS HO, HO-TLLI is probably not unique in the new RA
	New SGSN pre-allocates new TLLI during PS HO phase


It was shown in [3] that the two concepts have some similarities, e.g. for both concepts the GMM layer is not affected because the old P-TMSI is still valid and sufficient. Related to the CN impact the most essential point is to allocate an identifier for the new RA, which is unique in this new RA. This identifier is then used during the PS Handover procedure to enable the data transmission and for signaling purposes in the target cell (e.g. to send the RAU Request). But this main requirement is not fulfilled in the HO-TLLI concept as already shown in [3].

It may happen that two MSs perform a HO from different RAs into the same RA and have then the same assigned HO-TLLI. In this case the two MSs with the same HO-TLLI cannot be distinguished because the HO-TLLI is no longer unique in the new RA. In addition to this the two RAU Requests from the different MSs cannot be associated in the CN as shown in the following figure. 
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The likelihood that the F-TLLI clash may happen is high because this problem even occurs during the PS HO preparation and not after the MS sends the RAU Request.

In case the MS falls back to the source cell, it is unclear which identifiers are used in the UL direction because the previous TLLI (the old TLLI) was replaced during the PS HO procedure with the HO-TLLI. It is assumed that a switch back to the old TLLI is required inside the MS and the SGSN as otherwise more and more HO-TLLI values will be occupied and the likelihood of the above-mentioned problem will increase. 

4. Further analysis of the P-TMSI pre-allocation (L-TLLI) concept

During the following discussions the P-TMSI pre-allocation concept and the release of resources in error conditions are further analyzed. 

4.1. Failure recovery

In the following different failure cases related to the PS HO and RAU procedure are analyzed:

MS enters the target cell and falls back to the source cell (during PS Handover).

In case the MS leaves the source cell (PS HO Command was received by the MS), the MS enters the target cell (PS Handover Access). But due to some reasons (access to the target cell not successful) the MS is not able to get access in the target cell, falls back to the source cell before the PS HO Complete message was sent by the MS. 

For this case the MS has to keep the old P-TMSI and old TLLI values, during the PS Handover procedure to ensure the data transmission in the source cell again. Due to the fact that the MS has not sent the PS HO Complete in the target cell, any resources in the source cell or contexts were not released or deleted. The DL traffic in the source cell was also still ongoing (with respect to the QoS). To release the resources on the target side, which were allocated during the PS HO preparation phase, the source BSS has to trigger the PS HO Cancel procedure towards the SGSN. 

PS Handover fails (Handover Reject)

In case the PS HO attempt to the target cell fails, the MS, which is still in the source cell as the MS had not received the PS HO message yet. The s-BSS finally receives a PS HO Reject or PS HO Preparation Failure message and consequently the PS HO procedure is terminated. All necessary contexts and resources are still available on the source side. In case the resource situation in the source cell is still scarce the s-BSS may trigger another PS HO attempt to another target cell. The PS HO reject was either sent by the t-BSS or by the t-SGSN due to lack of resources. Due to the unsuccessful resource allocation on the target side the DL tunnel (between the SGSNs) was not established and consequently the packet forwarding of DL traffic to the t-SGSN form the s-SGSN was not yet started. Therefore neither the tunnel needs to be released nor the DL traffic needs to be stopped to the t-SGSN. Finally, no resources were allocated during the PS HO preparation on the target side, meaning that it is not required that the source BSS triggers the PS HO Cancel procedure.

PS Handover finished and radio link gets lost 

The PS Handover procedure was successfully finished but after the PS HO the established TBF(s) is/(are) abnormal released due to radio link problems. Therefore the MS has to establish new TBF(s) using a F-TLLI, which shall be based on the old P-TMSI. The MS located in a cell (=HO target) reads the SI information and thus the information that the MS is in a new RA. If the MS is in a new RA, the user plane will be suspended and the RAU procedure will be performed. For the RAU a new TBF will be established with the F-TLLI (derived from the P-TMSI). If no RAU is needed, the user data transfer may be continued immediately by establishing a UL or DL TBF.  

This case is an exception in which the MS uses a F-TLLI because the radio contact to the MS gets lost. In the normal case all TBFs, which will be handovered remain established.

In order to supervise the overall PS HO procedure, a timer is needed, to delete the contexts and to release the resources in the source side. 

PS Handover procedure finished, RAU procedure not successful (RAU Reject)

After a successful PS HO, the MS is located in the target side and receives and sends data. In case the RA was changed the RAU procedure is triggered by the MS by sending the RAU Request to the new SGSN. During the inter SGSN RAU procedure the HLR is accessed to check whether the MS is allowed in the new RA. In case of restrictions, i.e. roaming restrictions, forbidden PLMN, the MS will receive a RAU Reject message. The reaction of the MS after the reception of a RAU Reject depends on the reject cause value, e.g. “cause=GPRS services are not allowed in the PLMN” then the P-TMSI, RAI is deleted and the MS is no longer able to perform GPRS services. Consequently the data transmission will be stopped in this case as soon as possible. The MS has to find a new cell/new RA in which the MS triggers a RAU procedure again and in which the MS establishes the service again.  The PDP contexts are still stored in the old SGSN (no cancellation so far) and the old P-TMSI and old RAI is still known in the MS. Therefore the new SGSN (belonging to the new RA) receives the PDP contexts of that MS. This error situation may happen in case of inter-PLMN PS HO. 

Another reject cause values are e.g. “GPRS Services are not allowed”, „PLMN not allowed“, „Location Area not allowed“, and „Roaming not allowed in this location area“. All these RAU Reject causes and additional once are explained in TS 24.008. The same handling was defined for Iu mode.

4.2. Update type 

In order to distinguish between

· MSs involved in PS Handover and RAU procedures performed after PS Handover and 

· MSs not performing PS Handover but involved in RAU procedures

the following handling is sufficient:

After the successful PS HO procedure the MS, located in the target cell, sends the RAU Request including the old RAI, the old P-TMSI, the old P-TMSI signature and the update type to the new BSS. The RAU Request message is sent as “layer 3” message from the MS to the BSS, where the BSS adds the new local TLLI (selected via the HO reference), to the UL BSSGP PDU, to the SGSN. The LLC frame and the new local TLLI is then sent on SAPI 1 via the LLE 1 to the GMM layer. 

With the new TLLI the new SGSN has the association to the Mobile Subscriber and to the MM and PDP contexts belonging to the Mobile Subscriber. The MM and PDP contexts were transferred during the PS Handover preparation and stored in the new SGSN for that MS with the pre-allocated P-TMSI and/or the local TLLI (temporary ID). With the old RAI and old P-TMSI within RAU Request the GMM in new SGSN has the association to the old SGSN.

Consequently the new local TLLI (derived from the pre-allocated P-TMSI) is used as an implicit indication of RAU after PS Handover. As soon as the new SGSN receives this local TLLI, the new SGSN interprets that the MS involved in RAU after PS HO.

The consequence is that:

· No MM, PDP context transfer is required

· No Update PDP context procedure is required

4.3. Context Transfer 

It needs to be checked when the old P-TMSI and its associated context is deleted in the source SGSN. BSS info is removed upon PS HO complete, but SGSN info is kept until RAU complete.
In case of inter SGSN PS HO the contexts of the MS, the MM and PDP contexts, are transferred to the new SGSN (successful resource allocation). 

The MM and PDP contexts of the MS are still kept in the s-SGSN (but marked as invalid after the Forward PS HO Complete was received inside the s-SGSN) and the BSS context is still kept in the s-BSS during the whole PS Handover procedure. 

In the following RAU procedure, in case of inter SGSN RAU, the stored MM and PDP contexts are deleted if the HLR confirms the old SGSN with Cancel Location (IMSI) that the MS is allowed in the new RA.  Consequently the old P-TMSI and old RAI for a certain MS is stored in the old SGSN until the HLR Cancel message was received in the old SGSN. 

4.4. UL traffic transmission

Allow for continues uplink data transfer during the PS handover regardless of whether MS is in the source or the target cell;

During the PS HO procedure the MS can receive DL packets as soon as the MS is located in the target cell. The DL packets to the MS are sent via the old SGSN and the new SGSN to the t-BSS. 

When the MS sends the PS HO Complete, the t-SGSN forwards this message to the source side, to release the resources on the source side (Gb and radio link)(will be done by target SGSN). Note: The MM and PDP Context are still available in the source SGSN for packet forwarding to the new SGSN, but they are marked as invalid!

The DL traffic is still ongoing from the s-SGSN to the t-SGSN until the packet forwarding timer in the s-SGSN expires. The DL traffic from the GGSN to the new SGSN is sent after the Update PDP context procedure. 

The UL packets are sent from the MS until the PS HO Complete message was sent by the MS. Since the UL tunnel from the new SGSN to the GGSN is established already, the UL traffic is sent directly via the new SGSN to the GGSN. 

In the following RAU procedure, the DL traffic transmission is continued, because the LLC/SNDCP engine is already set in the new SGSN, the user plane between the GGSN and the new SGSN is already established (switched from the old to the new SGSN).  

With respect to TS 24.008 sending DL traffic to the MS is possible:

In GSM, user data transmission in the MS shall be suspended during the routing area updating procedure; user data reception shall be possible. User data transmission in the network may be suspended during the routing area updating procedure.

To allow the MS sending UL data the restriction in TS 24.008 needs to be removed. 

5. Conclusion

This paper gives a summary of the working assumptions, which were agreed in GERAN#18, that the P-TMSI pre-allocation concept has be used for data transmission in the target cell during PS HO.

During the discussions in GERAN#18 it was identified that the most important requirement for the identifier to be used for data transmission in the target cell, is that this identifier should be unique within the RA (the target cell belongs to) for all MSs.

As a consequence it was agreed in GERAN#18 to use the P-TMSI pre-allocation concept and the derived L-TLLI for data transmission in the target cell, because this concept guarantees that the identifier is unique in the RA the target cell belongs to. 

The other solution, the HO-TLLI (F-TLLI) concept has the drawback, that two MSs may have the same HO-TLLIs in the new RA. As a result these two MSs are not unique, there is no possibility to distinguish the two MSs in the new RA. It is assumed that the HO-TLLI will be used [2] in the source cell and in the target cell for the data transmission. In case the MS falls back to the source cell, the handling how to switch to a local TLLI remains unclear. 

In this paper the P-TMSI concept was further analyzed. The outcome of further considerations, which were related to the failure recovery, the need of a new update type for the RAU procedure, the context transfer and the Uplink traffic transmission are summarized here:

The analyzed failure events lead to well defined procedures: 

· In case the MS falls back to the source side the data transmission can be continued in the source cell.

· For an abnormal released TBF (due to radio link conditions), the stored old P-TMSI could be used to establish the new TBF for GMM signaling in the target cell. This scenario is seen as worst-case scenario, where not even one TBF remains established during the PS HO (radio link completely breaks down). Consequently not even one service remains activated in this case. Thus all services have to be started again from the cell the MS is located.

· Due to an unsuccessful resource allocation in the target side, the PS Handover attempt is terminated and the s-BSS may trigger a further PS HO to another HO target. 

· In case e.g. the MS is not allowed in the new RA (only an example), and the new SGSN sends a RAU Reject, the MS is at least for GPRS services detached. With respect to the reject cause further activities as defined in TS 24.008 are triggered, which applies for these procedure too. Additional reject causes, given in TS 24.008, are still applicable for RAU after PS HO. 

Therefore it can be concluded that the failure recovery for RAU after PS HO using the P-TMSI pre-allocation concept for data transmission to the target side, is guaranteed. 

In addition to this it was shown that the old P-TMSI is stored inside the old SGSN until the HLR sends Cancel Location. Therefore no other modifications are needed to use the P-TMSI allocation concept.

In order to differentiate a MS involved in a RAU after PS Handover with a MS involved in a RAU only, it was shown that it is possible to distinguish implicit, based on the new P-TMSI/L-TLLI in new SGSN and therefore no modification is needed.

Regarding the UL data transmission a restriction in TS 24.008 needs to be removed. The DL data transmission during PS HO and RAU procedure doesn’t cause problems. 

Taking into account all the points which were discussed in this document (e.g. a unique identifier) Siemens prefers to use the P-TMSI pre-allocation concept to ensure the data transmission on the target side for inter SGSN inter RA scenario. All the considerations are generally applicable for inter RA scenarios. 
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