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1 Introduction

RAN3 is being asked whether to take a “reactive” or a “proactive” approach with the goal of reducing “unnecessary” S1 traffic due to TNL address discovery for massive numbers of HeNBs who may switch off and on at any time [1]. Both approaches presented seem to have drawbacks as far as the number of messages involved. Furthermore, the “proactive” approach has the added disadvantage of requiring a new, dedicated X2AP procedure while giving no apparent gain. We will present a more thorough analysis than is given in [1] and try to draw some conclusions.
2 Discussion
We will compare both “reactive” and “proactive” approaches to the current enhanced TNL discovery procedure, taken as baseline. We will use two cases as comparison: the “steady-state” case, where all IP addresses are known by the X2 GW (e.g. by previous signaling or configuration), and the “worst” case, where no addresses are known. We will use as metric the number of messages exchanged over X2 and S1. Since both S1 and X2 interfaces are transported over the same physical backhaul links, this metric is both a simple and effective indication of the efficiency of a particular approach.
The scenario starts with an (H)eNB that has just discovered a new (H)eNB and decides to set up an X2 interface with it.

2.1 Current Enhanced TNL Address Discovery Procedure (Baseline)
In this case there is no difference between “steady-state” and “worst case”, since the candidate target is directly queried and replies with the most up-to-date information, including whether it prefers direct or indirect X2 and, if so, to which X2 GW it is connected. The signaling flow for indirect X2 setup is shown in Figure 1.
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Figure 1 Signaling flow for the baseline scenario.
In this case, 4 messages are exchanged over S1 and 4 are exchanged over X2, for a total of 8 messages. If the target prefers direct X2, only 2 messages are exchanged over X2, for a total of 6 messages.
In this case, the source node obtains the complete knowledge of the X2 connectivity supported by the target (including which X2 GW to go through, if necessary), and of course the “price to pay” is the impact on the MME.
2.2  “Reactive” Approach

In this case, according to [1], the source initiates X2 setup through the X2 GW without initiating TNL discovery through the MME.
2.2.1 Steady-State Case

If the X2 GW knows the target address (e.g. because the target has registered or through configuration) and the target accepts indirect X2 setup, the signaling flow is shown in Figure 2.
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Figure 2 Signaling flow for the "reactive" approach, steady-state.
4 messages are exchanged over X2. Nothing is exchanged over S1 so the MME is not impacted.
2.2.2 Worst Case

The worst case happens if the X2 GW has no knowledge of the target address. The X2 GW fails the indirect X2 setup in some way (a possibility that does not require a new cause value in X2AP might be to consider this case as a logical error in the X2 GW, triggering an error message back to the source (H)eNB). A TNL discovery is then triggered by the source, followed by X2 setup. The signaling flow for indirect X2 setup is shown in Figure 3.

[image: image3.wmf](

H

)

e

N

B

1

X

2

-

G

W

(

H

)

e

N

B

2

M

M

E

(

H

)

e

N

B

1

d

i

s

c

o

v

e

r

s

(

H

)

e

N

B

2

X

2

A

P

 

M

E

S

S

A

G

E

 

T

R

A

N

S

F

E

R

(

X

2

 

S

E

T

U

P

 

R

E

Q

U

E

S

T

)

X

2

 

G

W

 

d

o

e

s

 

n

o

t

 

k

n

o

w

t

h

e

 

a

d

d

r

e

s

s

 

o

f

 

(

H

)

e

N

B

2

 

F

a

i

l

u

r

e

e

N

B

 

C

O

N

F

I

G

U

R

A

T

I

O

N

 

T

R

A

N

S

F

E

R

M

M

E

 

C

O

N

F

I

G

U

R

A

T

I

O

N

 

T

R

A

N

S

F

E

R

 

e

N

B

 

C

O

N

F

I

G

U

R

A

T

I

O

N

 

T

R

A

N

S

F

E

R

M

M

E

 

C

O

N

F

I

G

U

R

A

T

I

O

N

 

T

R

A

N

S

F

E

R

X

2

A

P

 

M

E

S

S

A

G

E

 

T

R

A

N

S

F

E

R

(

X

2

 

S

E

T

U

P

 

R

E

Q

U

E

S

T

)

X

2

A

P

 

M

E

S

S

A

G

E

 

T

R

A

N

S

F

E

R

(

X

2

 

S

E

T

U

P

 

R

E

Q

U

E

S

T

)

X

2

A

P

 

M

E

S

S

A

G

E

 

T

R

A

N

S

F

E

R

(

X

2

 

S

E

T

U

P

 

R

E

S

P

O

N

S

E

)

X

2

A

P

 

M

E

S

S

A

G

E

 

T

R

A

N

S

F

E

R

(

X

2

 

S

E

T

U

P

 

R

E

S

P

O

N

S

E

)


Figure 3 Signaling flow for the "reactive" scenario, worst case.
6 messages are exchanged over X2 and 4 over S1, for a total of 10 messages. If the target had accepted direct X2 setup, only 4 messages would have been exchanged over X2 and 4 over S1, for a total of 8 messages.
2.3 “Proactive” Approach

In this case, according to [1], the queries the X2 GW about its candidate target before initiating X2 setup. A new X2AP procedure is needed.
2.3.1 Steady-State Case
In this case, the X2 GW knows the address of the target, so it responds positively to the query from the source. Indirect X2 setup can take place. The signaling is shown in Figure 4 below.
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Figure 4 Signaling flow for the "proactive" approach, steady-state.
Assuming the target accepts indirect X2 setup, 6 messages are exchanged over X2. Nothing is exchanged over S1.
If the source decides to initiate direct X2 setup after receiving the X2 NEIGHBOR CHECK RESPONSE message, and assuming the target accepts it, it would take a total of 4 messages over X2.
2.3.2 Worst Case

In this case, the X2 GW does not know the address of the target, so it fails the X2 Neighbor Check procedure; TNL address discovery is therefore needed. The signaling flow for indirect X2 setup is shown in Figure 5 below.
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Figure 5 Signaling flow for the "proactive" approach, worst case.
6 messages are exchanged over X2 and 4 over S1, for a total of 10 messages.
If the source decides to initiate direct X2 setup, and assuming the target accepts it, it would take a total of 4 messages over X2 and 4 over S1, for a total of 8 messages.
3 Conclusions, Observations, and Proposal
We have compared the number of S1 and X2 messages exchanged for the current enhanced TNL address discovery procedure (baseline), for the proposed “reactive” approach, and for the proposed “proactive” approach. The results are summarized in Table 1 below, considering “steady-state” and “worst” cases, for X2 setup through the X2 GW.
	Scenario
	Number of X2 messages
	Number of S1 messages
	Total

	Baseline
	4
	4
	8

	“Reactive”, steady state
	4
	0
	4

	“Reactive”, worst case
	6
	4
	10

	“Proactive”, steady state
	6
	0
	6

	“Proactive”, worst case
	6
	4
	10


Table 1 Comparison table for the various scenarios.
Some observations can now be made:

Observation 1: For steady state, only the “reactive” approach requires less signaling than the baseline.

Observation 2: In the worst case, both approaches require more signaling than the baseline.

Observation 3: For steady state, the “proactive” approach requires more X2 signaling with respect to both the baseline and the “reactive” approach.
Observation 4: By allowing eNB registration or by configuring eNB addresses in the X2 GW, the whole issue is solved; both options are equivalent as far as this issue is concerned.
We therefore propose:
Proposal 1: Considering the above Observations, and the fact that it requires a new X2AP procedure, the “proactive” approach seems like the worst choice.

Proposal 2: The choice between allowing eNBs to register and configuring their addresses in the X2 GW can be left as a deployment option.
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