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1 Introduction

The objective of enhanced HeNB part II [1] is defining X2-GW. It states the aspects expected for X2-GW as following:
Stage 2 and stage 3 specification work shall be performed for the introduction of an X2-Gateway entity with the following properties

-
The X2-GW shall be explicitly defined but optional to deploy.

-
The X2 interface to the X2-GW shall reuse SCTP without any changes.

- 
The S1-GW shall be decoupled from the X2-GW.

-
Priority should be given to minimize implementation impact on the eNB and HeNB, thus minimizing the standard impact.

-   Minimize the complexity of the X2-GW,  

-
The  X2-GW shall not terminate UE-dedicated procedures (only route in a similar way as e.g. the S1 HeNB GW)

-
The  X2-GW may terminate the non-UE dedicated procedures when appropriate.

As X2-GW shall be explicitly defined, its impacts on specifications should be evaluated. One of the properties for X2-GW in WID states that the S1-GW shall be decoupled from the X2-GW. However, it is not very clear what’s the meaning of the “decoupled”. We would like to discuss the meaning of “decoupled” and try to interpret how to understand it in this paper.
2 Discussions
2.1 Does standalone X2-GW can be used?
One of the X2-GW’s properties [1] is that the X2-GW shall be decoupled from S1-GW. Currently, it has been defined that HeNB-GW is optional for deployment and if it is deployed, acting as S1-GW to aggregate S1 interfaces between HeNBs and MME. For simply and clearly description, we extract S1-GW function from HeNB-GW in the following discussion.
The S1-GW decoupled from X2-GW could be interpreted in three ways:

· Case a): X2-GW deployed as a standalone node.

· Case b): X2-GW collocated with S1-GW for same HeNB.

· Case c): X2-GW collocated with a S1-GW which is not the one served for same HeNB.

The three cases show in Figure 1. In Figure 1 a), the X2-GW deployed as a standalone node, connected with HeNB and eNB by X2 interfaces. In Figure 1 b), the S1 connection and X2 connection of a HeNB are served by a HeNB-GW which has both S1-GW and X2-GW functionalities. It may allow a HeNB connected with MME directly connects to the X2-GW in the same TA. Figure 1 c) shows HeNBs connect to an X2-GW which may locate at different HeNB-GW than their S1-GW located in.
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Figure 1: Location of X2-GW
In Case a), X2-GW is deployed in E-UTRAN as a standalone logic node, i.e. X2-GW does not collocated with any S1-GW. The HeNBs connected with each other via X2 interface through X2-GW, and X2 connection between eNB and HeNBs is also interconnected by X2-GW. The standalone X2-GW would not need S1 connection with EPC, it only provides X2 proxy function. However, we do not have a logical node defined like that, i.e. deployed without S1 connection, in E-UTRAN.
Case b) shows a scenario that X2-GW deployed in the HeNB-GW with S1-GW serving for the same HeNB. This is a natural way to deploy X2-GW. However, Figure 1 b) also shows a HeNB which connects with MME directly, is it possible to connect an X2-GW without S1-GW serving it? If so, it is also an interpretation of decoupled S1-GW and X2-GW.
And Case c) shows the third interpretation that X2-GW embedded in a HeNB-GW, while the S1-GW serving for same HeNBs is embedded in another HeNB-GW. For example, in Figure 1, the S1-GW in HeNB-GW1 serves for HeNB1 and HeNB2, and the X2-GW serving for HeNB1 and HeNB2 to connect with eNB is located in HeNB-GW2. The S1-GW in HeNB-GW2 is only served for HeNB3. The X2-GW in HeNB-GW 2 is also serving for HeNB4.
Considering standalone X2-GW deployed without S1 connection is not as a normal node as defined today, we think Case a) is not the expectation of the objective and it should be ruled out at first.

Conclusion 1: The X2-GW is collocated with HeNB-GW/S1-GW is an appropriate way.
2.2 The relation with serving S1-GW
The difference between Case b) and Case c) is that whether the S1-GW and X2-GW served for same HeNB are located in same HeNB-GW.
It assumes that ANR procedure is used for triggering X2 TNL address retrieval, and the scenario of Case c) showed in Figure 1 is applied. The signalling flow of X2 TNL address retrieval and X2 Setup procedures are showed in Figure 2 (from HeNB to eNB) and Figure 3 (from eNB to HeNB).
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Figure 2: X2 TNL address retrieval and X2 Setup procedures (from HeNB to eNB)
There is no problem on message routing during X2 TNL address discovery and X2 connection setup (Figure 2). When X2 TNL address procedure initiated, HeNB sends eNB CONFIGURATION TRANSFER message to its serving S1-GW which acts as MME for the HeNB. After receiving of X2 TNL address from eNB, HeNB triggers X2 Setup procedure towards X2-GW which has been, e.g. pre-configured in HeNB (step 7).
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Figure 3: X2 TNL address retrieval and X2 Setup procedures (from eNB to HeNB)
When the UE in eNB detects a new HeNB and reports to eNB, eNB will trigger X2 TNL address retrieval procedure towards MME. Upon receiving eNB CONFIGURATION TRANSFER message, MME should decides which node is the target that the message sends to. Because S1-GW and X2-GW served for same HeNB, i.e. same TA, there may have two HeNB-GWs in one TA. According to existing principle, one TA is served by only one HeNB-GW(S1-GW) for easy routing purpose. Therefore it will have a confusion for MME on how to identify the correct HeNB-GW according to TA information to transfer MME CONFIGURATION TRANSFER message. 
Conclusion 2: Only one HeNB-GW serves for one tracking area, regardless it embedded with S1-GW or X2-GW or both.

Certainly, which HeNB-GW embedded with S1-GW and/or X2-GW could be pre-configured in MME for message routing. However, it is not reasonable to configure routing information related with X2-GW in MME because X2 function is agnostic for EPC and it is also not useful to relieve manual work. 
If we assume that step 2a could be performed correctly, there is another problem at step 5, i.e. how to construct eNB CONFIGURATION TRANSFER message in step 5? Does it carry the TNL address of HeNB or X2-GW? If carried TNL address is HeNB, then direct X2 connection between (H)eNBs is expected. If TNL address of X2-GW is preferred in the message, the pre-configuration should be support in S1-GW during initial start or interaction between S1-GW and X2-GW is required. There are too problems need to be discussed for separated S1-GW and X2-GW and it is unnecessary.

It deduces that embedding S1-GW and X2-GW in same HeNB-GW for same HeNB is a better way to deploy X2-GW.
Conclusion 3: The X2-GW and S1-GW serving for same HeNB should be located in same HeNB-GW for a HeNB if available.
By the same analysis for these two procedures (showed in Figure 2 and Figure 3), we can deduce that a HeNB has direct connection with MME can also connect to an X2-GW located in the same TA.

3 Conclusion
This paper discusses how to interpret decoupling between S1-GW and X2-GW. As discussion above, we have following conclusions and proposals.
Proposal: It is propose to clarify the decoupling between S1-GW and X2-GW for HeNB as following interpretations:

a) The X2-GW is collocated with HeNB-GW/S1-GW.
b) The X2-GW and S1-GW serving for same HeNB should be located in same HeNB-GW for a HeNB if available.
c) Deployment of S1-GW does not mean the deployment of X2-GW.
d) One TA is served by only one X2-GW.
e) The HeNB connects to MME directly can be connected with other HeNB/eNB via X2-GW.
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