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1. Scope

This paper takes a closer look onto the two concepts to enable data transmission on the target side during the inter SGSN inter RA PS Handover scenario which have been discussed during the last meetings. The following concepts will be considered in this document:

· Handover TLLI concept

· P-TMSI pre-allocation concept

To enable the data transmission in the target side for inter SGSN inter RA PS Handover it is required to provide DL data to the target side during the PS Handover procedure. Therefore the identifiers for the new RA, the TLLI and/or P-TMSI pair is required, before the MS enters the new cell (target cell). This paper will show the impact on the LLC and GMM layers in the MS and the SGSN as well as the impact on the current RAU procedure.

For both concepts the Inter SGSN PS Handover scenario is considered in this paper. 

2. Handover TLLI

The HO-TLLI concept is explained in [1]. This paper only repeats the basic principles. 
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1. DL and UL traffic source cell: The DL and UL traffic transfer to/from the source cell is performed using the old TLLI and old P-TMSI pair.

2. HO-TLLI Assignment: The HO-TLLI is derived from the old P-TMSI, which is known in the MS and in the SGSN. The assignment is performed during the HO preparation phase in the SGSN. The GMM triggers the LLME in the LLC layer. The MS also generates the HO-TLLI based on the old P-TMSI.

3. DL and UL traffic target cell: In DL direction to the target cell the new logical link identifier (HO-TLLI) and the old P-TMSI is used. The UL traffic also uses the HO-TLLI. 

4. RAU procedure: After the successful finished PS Handover the MS sends the RAU Request message including the old P-TMSI, the old RAI, the old P-TMSI signature and the update type to the new SGSN. The SGSN creates a new P-TMSI, which is sent to the MS in the RAU Accept and which, is confirmed by MS with the RAU Complete message. The new P-TMSI is used to assign a new local TLLI. In the following table the identifiers (TLLI, P-TMSI), which are used during the PS Handover and RAU procedure, are summarized:

	
	Cell
	Direction
	LLC
	GMM

	During PS HO
	Source Cell
	UL, DL
	Old-TLLI –> HO-TLLI (foreign)
	Old P-TMSI/RAI

	
	Target Cell
	UL, DL
	HO-TLLI (foreign)
	Old P-TMSI/RAI

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


For this concept the MS has to keep the HO-TLLI and Old P-TMSI during the PS HO procedure. After the RAU procedure the valid identifiers are the new-TLLI and new P-TMSI pair.

This concept has the following drawbacks:

· 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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· 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. 

3. P-TMSI pre-allocation 

In this concept the new P-TMSI, which is foreseen for the new RA is allocated by the new SGSN during the PS HO procedure. 
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1. DL and UL traffic in the source cell: The DL and UL traffic in/from the source cell is performed with the old local TLLI (derived from the old P-TMSI).

2. P-TMSI/TLLI pre-allocation: During the PS HO preparation phase the new TLLI is allocated by the new SGSN after the reception of the Forward HO Request in order to ensure the data transmission to the target side (in the new RA). 

3. TLLI exchange: This new TLLI is sent in the HO Request from the t-SGSN to the t-BSS. The t-BSS sends the new TLLI in the transparent container to the s-BSS and in the HO Command to the MS. 

4. DL and UL traffic in the target cell: The SGSN will use the new local TLLI to establish a logical link on the target side and consequently to enable the data traffic transmission on the target side. The resources on the target side (Gb interface and radio resources) are allocated using this identifier. All necessary PFCs for that MS are created with the new TLLI. The MS receives the new TLLI in the PS HO Command. The new TLLI is used in the RLC/MAC and LLC layer. In DL direction to the target cell the new logical link identifier (new TLLI) is used by the t-SGSN to enable the data transfer in the new RA. The MS also uses the new TLLI for the reception of DL data. For the UL data transmission the new TLLI is used by the MS as well. The MS still keep the old TLLI/old P-TMSI pair in case the MS falls back to the source side, which is possible until the MS sends the PS HO Complete message. 

5. RAU procedure: After the successful PS HO procedure the MS still keeps the new TLLI. The MS sends the RAU Request including the old RA, the old P-TMSI, the old P-TMSI signature and the update type to the new SGSN. The new local TLLI is used by the MS on the target side to transfer the RAU Request as layer three message over the radio interface to the BSS and via the Gb link to the new SGSN. With the old RAI and old P-TMSI the new SGSN has the association to the old SGSN. With the new TLLI the new SGSN has the association to the subscriber and to the MM and PDP contexts and consequently to the GMM. The new SGSN is responsible to allocate a P-TMSI for the new RA. The SGSN allocates a new P-TMSI and includes the new P-TMSI in the RAU accept message. The MS has the possibility to confirm the new P-TMSI with the RAU Complete message. 

The SGSN built up the new TLLI from this P-TMSI and the new TLLI/P-TMSI pair is valid as soon as the MS confirms this with the RAU Complete message. 

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
	Old P-TMSI/old RAI

	
	Target Cell
	UL, DL
	New-TLLI (local)
	Old P-TMSI/old RAI

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


The MS has to keep the old P-TMSI, during the PS Handover procedure for data transmission. The old TLLI /old P-TMSI pair is used for the source cell and in case the MS enters the target cell but falls back to the source cell. The new TLLI is used to enable the data transmission to target cell during the PS Handover procedure. The GMM is not updated after the reception of the new TLLI. 

4. Conclusion

In this paper it was shown that the two recently discussed concepts show some similarities, e.g. no impacts to the GMM handling were identified. To enable data transmission during PS Handover in the target side a TLLI is used on the target side. The main difference of the concepts is the mechanism, how this TLLI is established.

	
	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

	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


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 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). 

The analysis in this paper show that the HO-TLLI concept has the drawback explained in section 2, 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. And to solve this uncertainty a huge impact in the core network is expected. For the data transmission the HO-TLLI will be used in the source cell and in the target cell. In case the MS falls back to the source cell, the handling how to switch to a local TLLI again remains unclear. 

Related to the P-TMSI/TLLI pre-allocation concept it can be concluded that the main point is to have an identifier for the target side, which is unique inside the RA the new cell is assigned to. Therefore this identifier should be allocated by the new SGSN in order to fulfill the requirement having a unique identifier. Whether this TLLI is allocated without requiring the allocation of a P-TMSI or it is derived from a pre-allocated P-TMSI is an issue to be considered during further discussions. To transmit a TLLI to be used in the target cell instead of sending a new P-TMSI to the MS is also an improvement regarding the identified ciphering issue (PS Handover Command).   

In case the MS falls back to the source cell the old TLLI/P-TMSI pair is used for the data transmission.

Taking into account all the points discussed here Siemens prefers to use the TLLI pre-allocation concept to ensure the data transmission on the target side for inter SGSN inter RA scenario with a unique identifier. All the considerations are generally applicable for inter RA scenarios. 
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