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1 Introduction

RAN3 has recently endorsed a comparison table with all the discussed options for the X2-GW [1]. We propose in this paper some topics and criteria for the down-selection discussion.
In previous papers we have already looked at possible impacts of the various choices on the complexity of the X2-GW itself and on backhaul load (with some evidence that G1x solutions might prove more complex [2]). We will now discuss the impact of combining three criteria identified by RAN3, and the resulting down-selection. We will also offer some additional considerations on G2x solutions.
2 Discussion
The seven options RAN3 is considering are divided in two groups. G1x options envisage an X2-GW with a strong “proxy/DNS-like” role (but working in the application layer [2]
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[3]), to which all X2 peers have to refer at power-on or whenever an address look-up is required. G2x options envisage a more “router-like” X2-GW, not directly involved in address look-up (which is directed to the MME using legacy S1AP procedures).

2.1 Pre-Configuration, Impact on (H)eNBs and Specifications
Referring to the comparison table in [1], among the comparison criteria we have “Impact on eNBs/HeNBs”, “Impact on specifications” and “Impact on O&M”. For clarity, we show the corresponding rows in Table 1 below.
	
	G1A
	G1B
	G1C
	G1D
	G2A
	G2B
	G2C

	Impact on (H)eNBs
	RNL ID in X2 setup

Need to differentiate new X2 Setup for registration
	RNL ID in X2 setup

Need to differentiate new X2 Setup for registration
	RNL ID in X2 setup

New registration message
	RNL ID in X2 setup 

New registration message
	TNL ID in X2 setup

Possible impact on multi-homing
	TNL ID in X2 setup

Possible impact on multi-homing
	TNL ID in X2 setup

Possible impact on multi-homing

	Impact on specifications
	TNL @ discovery enhanced with X2gw IP@

Destination RNL-Id in X2 setup request

Behavior change for X2 setup 

Issue in specifying setup response


	TNL @ discovery enhanced with X2gw IP@

Destination RNL-Id in X2 setup request

Behavior change for X2 setup

Issue in specifying setup response
	TNL @ discovery enhanced with X2gw IP@

Destination RNL-Id in X2 setup request

Registration procedure before X2 setup
	TNL @ discovery enhanced with X2gw IP@

Destination RNL-Id in X2 setup request

Registration procedure before X2 setup
	TNL @ discovery enhanced with X2gw IP@

Destination IP @ in X2 setup request
	TNL @ discovery not modified 

Destination IP @ in X2 setup request


	TNL @ discovery enhanced with X2gw IP@

Destination IP @ in X2 setup request

	Impact on O&M
	X2-GW IP addresses configured in eNBs
	None
	X2-GW IP addresses configured in eNBs
	None
	X2-GW IP addresses configured in eNBs
	None
	None


Table 1 Impact on RAN nodes, specifications, and O&M.
The first possible criterion for down-selection could be to avoid pre-configuration of existing (H)eNBs, thereby excluding solutions G1A, G1C and G2A. Avoiding pre-configuration has the advantage of not requiring (or minimizing) any changes to the RAN configuration in case an X2-GW is added to an already deployed network.
From the remaining four options (G1B, G1D, G2B, and G2C), we could then exclude the ones with the higher impact on (H)eNBs in terms of procedures, messages and IEs (first row in Table 1). Including an RNL ID with respect to a TNL ID in the X2 SETUP REQUEST message (G1x vs. G2x) can be considered equivalent [2]
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[4] in terms of effort. The same could be said about the impact on specifications: including the destination RNL ID or the destination IP address in the X2 SETUP REQUEST message can be considered to be roughly equivalent. Therefore, we will have to consider whether differentiating X2 setup for registration, or introducing a new registration procedure altogether, or possibly impacting multi-homing, has a higher impact on (H)eNBs. Arguably, taking an existing procedure (X2 Setup) and adding a new use case to it can be considered to have a higher impact than defining a completely new procedure; this is also reflected in the impact on specifications. Because of this, we can see that G1B has a higher impact than G1D and could be removed from the choice.

Proposal 1: Excluding options which require IP address pre-configuration first, then excluding options with higher impact on (H)eNBs and specifications, leaves us with G1D, G2B and G2C.

Additional analysis could then be done to further understand the implications of G2x options on multi-homing. Some evidence that this may be a not so critical aspect can already be seen in [5].

2.2 Considerations on G2x Solutions
Looking more closely at all G2x solutions in the full comparison table [1], we notice that they have many elements in common. In fact, the only difference between them is how to signal the X2-GW IP address to the other X2 peer: whether to pre-configure it (G2A), or to send it in the existing IPsec IE (G2B), or to send it in a new dedicated, optional, IE (G2C).
G2x solutions might even be considered different “flavors” of the same architecture concept. If operators think it is feasible to co-locate the X2-GW with the IPsec termination point (i.e. the SeGW), it could be possible to adopt solution G2B with minimal impact on specifications and other RAN nodes; if operators do not consider such an arrangement feasible, we can choose between pre-configuring the X2-GW IP address in all eNBs (less flexible but involving less changes to the protocols), or signaling the X2-GW IP address in a new, optional, IE in the TNL address discovery messages (maximum flexibility but involving one more change to the protocols).
G1x solutions, on the other hand, depend more on a number of “hard” choices, and this makes it almost impossible to think of them as “flavors”, or deployment options, of the same architecture. This characteristic seems to hint at a possibly lower intrinsic flexibility of these solutions.
Proposal 2: Due to the many commonalities among them, G2x options can be seen as different “flavors” of the same architecture concept, and the choice among them can depend on the deployment.
3 Conclusions and Proposal
In this paper we have looked at the combination of criteria considering X2-GW architecture impact on (H)eNBs, specifications, and O&M. By applying them, we have identified the resulting down-selection.
We also offer to RAN3 further discussion on G2x solutions.

Proposal 1: Excluding options which require IP address pre-configuration first, then excluding options with higher impact on (H)eNBs and specifications, leaves us with G1D, G2B and G2C.

Proposal 2: Due to the many commonalities among them, G2x options can be seen as different “flavors” of the same architecture concept, and the choice among them can depend on the deployment.
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