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1. Introduction
This paper discusses the location of 3GPP Anchor. This paper analyses the influence of signalling free to the position of 3GPP anchor, and also checks the complexity of possible solutions for inter-PLMN change/handover.
2. Discussion

It was not able to have an agreement of where the 3GPP anchor should be located during last meeting, and the email discussion of the position of 3GPP anchor is initiated. There are 2 possible location of 3GPP Anchor being proposed: one is to collocate 3GPP anchor with UPE; second is to collocate 3GPP Anchor with SAE anchor.
In following sections, we will discuss the advantages and disadvantages of 3GPP anchor collocated with UPE or SAE anchor. The following factors are important when we make decision about where the 3GPP anchor will be: 

a. Support of signaling free

This requirement is stated in TR23.882 as the following:

The SAE/LTE system shall provide effective means to limit signaling during inter-RAT cell-reselection in LTE_IDLE state. For example, similar performance to that of the "Selective RA Update procedure" defined in TS 23.060. Optimization for movement to/from states such as URA-PCH and GPRS-Standby shall be studied
b. Consistency/harmonization with Legacy 3GPP system and migration consideration
c. Complexity of procedures for inter-PLMN change/handover
d. Length of user plane data path

For generalization, this paper assumes the separation of SAE anchor and UPE, because for multiple PDN access, 2 nodes are needed even for “1 node implementation” option. But this discussion also applies to unified UPE and SAE anchor option. 
2.1 3GPP Anchor collocated with UPE

3GPP Anchor collocated with UPE is consistent with current solution of idle mode signaling reduction. In current solution of signaling free, it is assumed that 3GPP anchor is collocated with UPE. UPE is the point to initiate paging, all user plane data goes from SGSN through UPE to PDN when UE is camped in legacy 3GPP system.

To support signaling free, 3gpp anchor has to be relocated to VPLMN after UE moves to VPLMN. Here we assume that signaling free is enabled only within one PLMN, this is because inter-PLMN signaling free is not possible due to reason of network topology.

Now let’s see how 3GPP anchor will be relocated. We propose 2 solutions and its variants in this paper, other solutions are also possible.
2.1.1 Solution 1:

This solution is shown in figure 1. Red line represents user plane data path. Black dashed line represents the signaling path for mobility management. Blue line is the inter-PLMN moving path, there are 4 possibilities, numbered by blue circled numbers. The corresponding inter-PLMN change/handover signaling path is indicated as black dashed circled numbers. For example, UE moves from LTE in HPLMN to LTE in VPLMN (Blue ①), its corresponding signaling path is between MME/UPE of HPLMN and MME/UPE of VPLMN(Black ①).
To support 3GPP anchor relocation when UE moves from LTE/Legacy 3GPP of HPLMN to Legacy 3GPP of VPLMN (②, ③), SGSN of VPLMN needs to be upgraded to find the new MME/UPE in VPLMN for 3GPP anchor relocation, and to change the GGSN access point from MME/UPE in HPLMN to MME/UPE in VPLMN(In legacy 3GPP, GGSN cannot be changed during the lifetime of one PDP); MME/UPE in HPLMN has to redirect the access point of MME/UPE of VPLMN to SAE anchor of HPLMN.
To support 3GPP anchor relocation when UE moves from legacy 3GPP of HPLMN to LTE of VPLMN (④), the MME/UPE of HPLMN needs to redirect the access point of MME/UPE of VPLMN to SAE anchor of HPLMN.
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Figure 1:

2.1.2 Solution 2: MME/UPE as master, SGSN as slave
In this solution, inter-PLMN change/handover signaling cannot be transferred directly from SGSN in one PLMN to SGSN/MME in another PLMN. See figure 2.

In figure 2, red line represents user plane data path. Dashed line represents the signaling path for mobility management. Blue line is the inter-PLMN moving paths; there are 4 possibilities, numbered as blue circled numbers. For simplicity, mechanism for packet lossless is not considered.

To support 3GPP anchor relocation when UE moves from LTE of HPLMN to Legacy 3GPP of VPLMN (②), inter PLMN signaling is transferred to SGSN through MME/UPE of VPLMN. 

To support 3GPP anchor relocation when UE moves from legacy 3GPP of HPLMN to legacy 3GPP of VPLMN (③), inter PLMN signaling is transferred to SGSN of VPLMN through MME/UPE of HPLMN and MME/UPE of VPLMN.

To support 3GPP anchor relocation when UE moves from legacy 3GPP of HPLMN to LTE of VPLMN (④), the inter PLMN signaling is transferred to MME/UPE of VPLMN through MME/UPE of HPLMN.
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Figure 2: 
This solution has the advantage of no necessity to upgrade the inter-PLMN change/handover procedure of legacy SGSN, but it has longer handover latency due to the longer handover signaling path. 

It is possible to optimize the signaling path by adding interface between SGSN of HPLMN and MME/UPE of VPLMN. This way, Inter-PLMN change from legacy 3GPP to LTE/legacy 3GPP (③④) won’t need to go through MME/UPE in HPLMN, this will shorten the signaling path, but MME/UPE of HPLMN should be able to redirect the user plane data path from MME/UPE of VPLMN to SAE anchor of HPLMN. 
2.1.3 Conclusion
From the above analysis, we can see, for 3GPP relocation, the following tasks are mandatory:

A. A mechanism for “GGSN” relocation: either by upgrading SGSN; or covering this from SGSN by process in MME/UPE.
B. A mechanism to redirect user plane path from MME/UPE of HPLMN to SAE anchor of HPLMN: either by redirecting function in MME/UPE of HPLMN, or covering this by always passing inter-PLMN change/handover signaling through MME/UPE of HPLMN.

User plane data path after the 3GPP anchor relocated to VPLMN is as the following: 

In LTE coverage:
UPE in VPLMN -> SAE Anchor in HPLMN

In legacy 3GPP coverage:
SGSN in VPLMN -> UPE in VPLMN (3GPP anchor) -> SAE Anchor in HPLMN.
In summary, for 3GPP anchor collocated with UPE scenario, we need to design new inter-PLMN change/handover procedures. We need to do extra work for supporting of interworking with legacy 3GPP system. The maximum length of user plane data path is 3 in VPLMN (in legacy 3GPP coverage). 
2.2 3GPP Anchor collocated with SAE Anchor
In this solution, MME/UPE is similar to the legacy SGSN, SAE anchor similar to GGSN. 3GPP anchor is located in SAE anchor. Change/handover from legacy 3GPP to LTE is like inter SGSN change/handover; Inter-MME/UPE relocation is like inter-SGSN handover/RA update. See figure 3: 

In figure 3, the red line represents user plane data path, dotted line represents the control plane signalling path for inter/intra PLMN change/handover. Blue line is the inter-PLMN moving paths; there are 4 possibilities, numbered as blue circled numbers. For simplicity, mechanism for packet lossless is not considered.

3GPP anchor is always located in HPLMN. Inter-PLMN change/handover (①, ②, ③, ④) is similar to inter-SGSN change/handover procedures in legacy 3GPP. From this point of view, this solution has best harmonization/consistency with legacy 3GPP, and thus has smoothest migration path from legacy 3GPP to LTE/SAE.
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Figure 3: Inter PLMN moving with 3GPP anchor collocated with SAE anchor

But current signalling free solution doesn’t support 3GPP anchor collocated with SAE anchor. To support signalling free with 3GPP anchor collocated with SAE anchor, solutions for idle mode signalling reduction have to be reconsidered.
This solution also has the most optimized user plane data path (Maximum 2 tunnels when roaming):

In HPLMN, it has the following user plane data path:
In LTE coverage: 
UPE in HPLMN -> SAE Anchor in HPLMN, when UPE collocated with SAE Anchor, only one node is on user plane data path

In legacy 3GPP coverage: 
SGSN in HPLMN -> SAE Anchor in HPLMN (3GPP Anchor)

User plane data path after moved to VPLMN is as the following:

In LTE coverage:
UPE in VPLMN -> SAE Anchor in HPLMN (3GPP anchor)
In legacy 3GPP coverage:
SGSN in VPLMN -> SAE Anchor in HPLMN (3GPP anchor)
2.3 3GPP Anchor collocated with UPE, relocated to VPLMN when needed
This is a hybrid of section 2.1 and section 2.2. 3GPP Anchor is relocated to VPLMN for support of idle mode signalling reduction, but it is not necessarily relocated to VPLMN immediately after the UE moves to VPLMN. In some cases, 3GPP can remain in HPLMN until it’s needed to support idle mode signalling reduction. See the following fugure:

[image: image4.emf]MME

UPE 

(3GPP Anchor)

SAE 

Anchor

eNodeB

SGSN UTRAN

UTRAN

HPLMN

VPLMN

U

E

2

3

SGSN


Figure 4: Before 3GPP Anchor relocation
In figure 4, when UE moves from LTE/legacy 3GPP of HPLMN to legacy 3GPP of VPLMN (②③), 3GPP Anchor still resides in MME/UPE of HPLMN, this makes the inter-PLMN change/handover simplified (similar to inter SGSN RA update/SRNS relocation procedures). No upgrade to SGSN is needed, no extra process is needed in MME/UPE or SAE Anchor. Note that now idle mode signalling is not enabled. 

Before 3GPP Anchor relocation, user plane data path is:

SGSN in VPLMN -> MME/UPE in HPLMN ->SAE Anchor in HPLMN
When UE moves into the coverage of LTE, system knows that both legacy 3GPP and LTE co-exists in this network, 3GPP Anchor should be relocated to VPLMN. See figure 5:

In figure 5, when UE moves from legacy 3GPP of VPLMN to LTE of VPLMN in idle/active mode(⑤), to enable idle mode signalling free, 3GPP Anchor need to be relocated to MME/UPE in HPLMN.

After 3GPP Anchor relocation, user plane data path is:

SGSN in VPLMN -> MME/UPE in VPLMN -> SAE Anchor in HPLMN
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Figure 5: After 3GPP relocation
Figure 6 is when UE moves from legacy 3GPP of HPLMN to LTE of VPLMN, 3GPP anchor should be relocated to shorten the user plane data path, and idle mode signalling reduction is supported automatically.
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Figure 6: 
Data path after moving to LTE of VPLMN is:

MME/UPE in VPLMN -> SAE Anchor in HPLMN
This solution has the advantage of simplified inter-PLMN inter-RAT change/handover procedures than solutions in section 1, and has some extent of consistency with legacy 3GPP. This solution doesn’t need to modify current solutions for idle mode signalling reduction.
3. Conclusion
From the analysis above, we can see that:
3GPP anchor collocated with UPE supports the current solution for idle mode signaling free, but the 3GPP anchor relocation is quite complicated, it causes longer handover latency, or it needs the modification of legacy SGSN. It is not consistent with legacy 3GPP system, new inter-PLMN change/handover procedures has to be designed. This may cause worse migration path from current 3GPP network to future LTE/SAE.
3GPP anchor collocated with SAE anchor scenario is quite similar to legacy 3GPP system, inter-PLMN change/handover procedures can be designed based on correspondent procedures of legacy 3GPP system. It is harmonized with legacy 3GPP system, and will migrate smoothly from legacy 3GPP system. But current solution of idle mode signaling free doesn’t support the collocation of 3GPP anchor with SAE anchor, so it needs to be modified or redesigned.

The third solution (3GPP anchor collocated with UPE, relocated when needed) is hybrid of above 2 solutions. It has less complexity and better consistency than 3GPP anchor collocated with UPE solution; the assumption of current solution for idle mode signaling reduction need not be modified. But it has longer user plane data path than 3GPP anchor collocated with SAE anchor, and inter-PLMN change/handover is a little more complicated than it.
4. Proposal

3GPP anchor can either locate in UPE or SAE anchor; it cannot resides in both places. We propose to consider what is analyzed in this paper when making decision on the location of 3GPP anchor, and when deciding the non-roaming/roaming system architecture.
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