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1   Introduction
During RAN3#85bis the baseline CR in [1] was agreed. The baseline CR captures the following procedural text:

“If the eNB receives the SON Information IE containing the SON Information Reply IE including the Muting Pattern Information IE as an answer to a former request, it may use it for over-the-air synchronization by means of network listening.”

Where the Muting Pattern Information IE is included in the SON Information Reply IE as follows:

9.2.3.28
SON Information Reply

This IE contains the SON Information to be replied to the eNB.

	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	SON Information Reply
	
	
	
	
	
	

	>X2 TNL Configuration Info
	O
	
	9.2.3.29
	
	
	

	>Time Synchronization Info
	O
	
	9.2.3.34
	
	YES
	ignore

	>Muting Pattern Information
	O
	
	9.2.3.xx
	
	YES
	ignore


The details on the information carried in the Muting Pattern Information have been left as FFS, as specified in the following excerpt of the baseline CR:

9.2.3.xx

Muting Pattern Information (Content of this IE is FFS)
This information element contains muting pattern information that can be used for over-the-air synchronization using network listening.

	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	Muting Pattern Offset
	M
	
	INTEGER (0..10239,…) 
	Offset in number of subframes of the muting pattern starting from subframe 0 in a radio frame where SFN = 0. 

	Muting Pattern Period
	M
	
	ENUMERATED (1280, 2560, 5120, 10240, …)
	Period for repetition of muted subframe in milliseconds

	E-CGI List 
	
	0..<maxnoofCellsineNB>
	
	List of cells for which the muting pattern is enabled 

	>E-CGI
	M
	
	9.2.1.38
	


An example of message sequence chart for the solution agreed so far in [1] can be represented as follows:
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Figure 1: Message sequence chart for the RIBS solution agreed in the baseline CR in [1]

The only part on which RAN3 needs to agree is the exact content of the Muting Pattern Information IE and how such information should be used. In this paper the details of the Muting Pattern Information IE content are discussed and a proposal is made to agree to a final version of the CR, which would allow to close the work within Release 12.
2   Why Muing Pattern Information is Needed
In [2] an example scenario where knowledge of the muting pattern adopted by an aggressor eNB that is requested to mute was presented. Figure 2 shows a case in which such information would be needed to inform the nodes taking part in over the air synchronisation of the behaviour of the aggressor eNBs and consequently to allow such nodes to adjust their own behaviour accordingly.

[image: image2.emf]eNB 3

Stratum Level = 0

eNB 2

Stratum 

Level = 0

eNB1

eNB4

eNB5

S

y

n

c

h

 

R

S

S

y

n

c

h

R

S

S

y

n

c

h

 

R

S

In

te

r

fe

re

nc

e

Time

eNB 3 LRS subframe pattern 

used by eNB1 and eNB4

Time

Listening SF Pattern Send 

from eNB1 to eNB2

Time

eNB 2 LRS subframe pattern 

used by eNB5

Time

eNB 2 LRS subframe pattern 

after muting activation

Time

eNB 2 muting pattern after 

muting activation

Offset Period

eNB6

S

O

N

 

I

n

f

o

 

R

e

q

 

=

 

T

i

m

e

 

S

y

n

c

 

I

n

f

o

S

O

N

 

I

n

f

o

 

R

e

s

p

 

=

 

i

n

c

l

u

d

i

n

g

 

M

u

t

i

n

g

 

P

a

t

 

I

n

f

o


Figure 2: Example of synchronisation scenario with macro source of synchronisation

In Figure 2 eNB1 needs to synchronise with macro eNB3, with stratum level equal to 0. In order to achieve this eNB1 sends an eNB Configuration Transfer message to eNB2, containing the listening subframe pattern of eNB3 and asking eNB2 to mute on the listening subframe pattern and eNB2’s cells indicated. 

However, eNB2, also of Stratum Level = 0, provides synchronisation RSs to eNB5. 

It is very likely that listening subframe patterns would be the same for eNBs with the same stratum level. Therefore, if eNB2 muted in all subframes where eNB1 needs to detect the listening RS of eNB3, eNB5 would not be able to synchronise to eNB2.

Therefore, this is one of the scenarios where eNB2 may take the Synchronisation Information IE sent from eNB1 into account, but may have to mute on a subframe pattern different from the listening subframe pattern indicated by eNB1. For example, eNB2 may decide to mute subframes with double period with respect to its listening RS period, as shown in Figure 2. 

The first point to make is therefore that in order to have a full understanding of the subframes in which the aggressor has muted, the Muting Pattern Information IE should contain the muting pattern period and the muting pattern offset, which, as shown in Figure 2, may not be the same as the offset of the listening subframe pattern of the aggressor eNB.
Further, in light of the fact that a list of aggressor’s cells is provided in the muting request, namely the cells for which the aggressor should mute are indicated from the victim to the aggressor, it would be opportune that the aggressor confirms for which cells the muting was enabled.
Conclusion 1: In order to know which muting patterns were enabled by the aggressor eNB, it is needed that the Muting Pattern Information IE contains muting pattern period, muting pattern offset and a list of cells where muting was enabled.

The reason why it is important that the aggressor informs the victim of the activated muting patterns is that if such notification did not occur, eNB1 would assume that muting was applied to all subframes indicated in the Listening Subframe Pattern IE and will therefore stop any transmission/reception activities with its served UEs in such subframes for the sake of detecting eNB3’s synchronisation RSs. The latter will result in a waste of resources because half of the subframes on which eNB1 will attempt to detect eNB3’s synchronisation RSs are interfered by eNB2, making RS detection on such subframes unlikely to happen.

Conclusion 2: The usefulness of knowing the muting patterns activated by the aggressor eNB is to let a victim eNB understand on which subframes listening RS detection (implying interruption of data transfers) should be attempted, therefore letting the victim eNB use interfered subframes to serve connected UEs

It has to be noted that the scenario shown in Figure 2 is the most likely interference scenario. Indeed, all higher stratum level nodes within a macro cell will attempt to acquire synchronisation RS from the same synchronisation source (i.e. the same macro cell). Such nodes will therefore not interfere with each other on the listening subframe pattern because they will all be receiving the synchronisation RS on such subframes. 
Namely, in the example of Figure 2, eNB1 and eNB4 do not interfere with each other on the listening subframe pattern of eNB3.
3   Muing Pattern Information Helping eNBs Coordination

During RAN3#85bis it was asked how it is possible to coordinate muting patterns between different aggressor cells. This is possible by reflecting the information received in the Muting Pattern Information IE in the Source Listening Subframe Pattern IE at the next muting request to a different aggressor. This is shown in the figure below.
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Figure 3: Example of muting coordination amongst different aggressor nodes
Figure 3 shows that a victim eNB can take into account the muting decision of the aggressor eNBs that already enabled muting when requesting muting at other aggressors. 
In particular the Source Listening Subframe Pattern IE sent to a second aggressor eNB (eNB7 in Figure 3) may consist of the subframes where aggressor eNB2 already enabled muting. This would guarantee that muting between eNB2 and eNB6 is coordinated.
It needs to be noted that in light of the above the Source Listening Subframe Pattern IE may not indicate the subframe pattern on which the source synchronisation eNB sends listening RS, but rather the pattern on which listening RS is available to the target synchronisation eNB. For this reason the following is concluded:

Conclusion 3: The Source Listening Subframe Pattern IE may not include the subframe pattern on which the source synchronisation eNB sends listening RS, but rather the pattern on which listening RS is available to the target synchronisation eNB. Therefore this IE shall be called Listening Subframe Pattern IE

During RAN3#85bis it was asked how it is possible to inform other eNBs trying to synchronise to eNB3 in Figure 2 that muting has been activated in eNB3. 
Let’s take as an example eNB6 of Figure 2 and let assume that this eNB needs to synchronise to eNB3 after muting at eNB3 has been activated. 
eNB6 will send a SON Information Request = “Time Synch Info” to eNB3. eNB3 can include the Muting Pattern Information IE as part of the SON Information Reply IE, in order to let eNB6 know the muting applied and therefore the effective listening subframe pattern (see Figure 2).
Therefore, eNB6 will be fully informed on the subframes on which listening RS should be decoded.

For eNBs that synchronised to eNB3 before the muting was applied the question is how would they know of the activated muting. With this respect the following needs to be mentioned:
· Muting activation at an aggressor node is something that happens virtually as soon as the node switches on. This is because synchronisation procedures will be the first procedures running in a neighbourhood and the need for an aggressor to mute will be immediately flagged by victim nodes. 
Therefore, if the muting at aggressor is activated shortly after the aggressor is operational the problem of informing eNBs already synchronised to the aggressor of the muting activation becomes less relevant/frequent.

· For those eNBs already synchronised to a node that enables muting what will happen is that listening RS signals on the muting subframes will not be found. If this happens, the eNBs trying to synchronise can send a new message to the synchronisation source eNB where SON Information Request = “Time Synch Info”. 
The synchronisation source eNB can then reply with the Muting Pattern Information IE and provide the synchronisation target eNB with a full view of the subframes where listening RS is available.
Therefore, eNBs that synchronised to an eNB before the eNB activated  muting can detect missing listening RS and update their listening subframe information by triggering a new SON Information Request = “Time Synch Info” request.
Coulcusion 4: The eNB/MME Configuration Transfer procedure including SON Information Request IE = “Time Synch Info” can be used to trigger reception of SON Information Reply IE containing the Muting Pattern Information IE. This allows synchronisation target eNBs to know the muting activated by their synchronisation source eNB

4   Conclusions and Proposal
In this paper a detailed description of why muting pattern information should be signalled to a requesting eNB and of what such information should include is made. 
The following conclusions were drawn:

Conclusion 1: In order to know which muting patterns were enabled by the aggressor eNB, it is needed that the Muting Pattern Information IE contains muting pattern period, muting pattern offset and a list of cells where muting was enabled.
Conclusion 2: The usefulness of knowing the muting patterns activated by the aggressor eNB is to let a victim eNB understand on which subframes listening RS detection (implying interruption of data transfers) should be attempted, therefore letting the victim eNB use interfered subframes to serve connected UEs

Conclusion 3: The Source Listening Subframe Pattern IE may not include the subframe pattern on which the source synchronisation eNB sends listening RS, but rather the pattern on which listening RS is available to the target synchronisation eNB. Therefore this IE shall be called Listening Subframe Pattern IE

Coulcusion 4: The eNB/MME Configuration Transfer procedure including SON Information Request IE = “Time Synch Info” can be used to trigger reception of SON Information Reply IE containing the Muting Pattern Information IE. This allows synchronisation target eNBs to know the muting activated by their synchronisation source eNB

The conclusions above have been mirrored in a TP to the baseline CR in [1]. It is proposed to agree to such TP in [3].
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