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1
Introduction

During RAN3#85 discussions on support of signalling for Radio Interface Based Synchronisation were carried out and a baseline CR was agreed in [1].
The agreed solution can be summarized by the following signalling chart in Figure 1.
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Figure 1: Example of RIBS signalling solution according to base line CR in [1].

In the above solution the following steps are followed:

1-2. eNB1 requests Time Synchronisation Info from neighbor eNBs in order to understand which cell constitutes the best synchronization source

3-4. Neighbour eNBs reply by providing the Time Synchronisation Info IE as well as the Muting Availability Indication IE stating whether muting patterns for listening RS are available

5-6. eNB1 selects the best source of synchronization cell (i.e. served by eNB3) and sends to its aggressor eNBs (i.e. eNB2) a SON Information Request IE set to “Activate Muting” as well as a Synchronisation Source Info IE detailing the stratum level and listening subframe patter of the cell selected as synchronization source. eNB2 enables muting patterns in a way that most suites the information provided by eNB1
7-8. If eNB1 assesses that muting from eNB2 is no longer needed, eNB1 sends an eNB Configuration Transfer targeted to eNB2 and containing the SON Information Request IE set to “Deactivate Muting”. eNB2 disables the muting patterns accordingly.

In document [2], drafted during convergence to the baseline CR in [1], an important aspect of the signalling solution for RIBS was outlined, namely the possibility for the aggressor eNB to signal back to synchronization target eNB the muting pattern enabled. However, this aspect was later removed from the overall solution in order to facilitate convergence to a baseline CR. 
In this paper the importance of such aspect of the solution is discussed.

2
The Importance of Knowing Enabled Muting Patterns
When an aggressor eNB receives the equivalent of Message 6 in Figure 1 it is able to know the stratum level and listening subframe pattern information that the synchronisation target eNB deduced when selecting the synchronisation source eNB.
Although the aggressor eNB is supposed to mute according to the pattern suggested by the synchronisation source eNB, this may not always be possible. 
In order to explain this case let’s consider the scenario of Figure 2.
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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 targeted to eNB2 and containing the listening subframe pattern of eNB3. 

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 Source 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.
In light of the above it is important that eNB2 informs eNB1 about the adopted muting pattern. The reason for this 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 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 unlikely to happen.
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.

Conclusion 1: It is important for an eNB to notify the muting pattern adopted after receiving a request for “Activate Muting” for over the air synchronisation by means of network listening

3
Proposal and way forward   

The problem described in Section 2 is resolved by a solution that was described in [2].
In such solution a new IE named Muting Pattern Information IE was added in the SON Information Reply IE. The Muting Pattern Information IE provides details about the muting pattern adopted by the node that was requested to activate muting, as well as a list of cells for which such pattern was activated.

The solution would therefore be enhanced as per the message sequence chart in Figure 3
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Figure 3: Example of message sequence chart with enhanced SON Information Reply IE including Muting Pattern Information IE.

In the example of Figure 3 aggressor node eNB2 provides target synchronisation eNB1 with the muting pattern adopted by means of providing the Muting Pattern Information IE as part of the SON Information Reply IE. The Muting Pattern Information IE has the following structure:

9.2.3.xx
Muting Pattern Information
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
	
	BIT STRING (SIZE(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
	


Conclusion 2: Adding information about the adopted muting pattern in the SON Information Reply IE allows an eNB to be aware of the muting applied by an aggressor eNB. Lack of this information would imply lack of knowledge about the muting applied
It was commented during the course of RAN3#85 that a synchronisation target eNB (such as eNB1) may receive different, uncoordinated, Muting Pattern Information IEs from different aggressor eNBs. However, this situation can be easily avoided by synchronisation target eNB sending a muting activation request to the strongest aggressor eNB first. 
Upon reception of a reply indicating the Muting Pattern Information IE, the synchronisation target eNB would be able to re-calculate the Listening Subframe Pattern IE taking into account the pattern of subframes where the strongest aggressor eNB can mute. 

Hence, the synchronisation target eNB can request muting activation to a second strongest aggressor eNB and include a Listening Subframe Pattern IE that is a subset (i.e. some or all subframes) of the muting pattern indicated by the strongest aggressor eNB. 
The second strongest aggressor eNB will indicate its adopted muting pattern, which will be coordinated with the muting applied by the first strongest aggressor. 
The iteration can be repeated for other aggressor eNBs. Figure 4 shows such coordination scheme.
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Figure 4: Example of message sequence chart showing muting pattern coordination between different aggressor eNBs.

Conclusion 3: By receiving muting pattern information a synchronisation target eNB can enable coordination of muting patterns amongst different aggressor eNBs

3
Conclusions  

In this paper it was discussed how enabling muting patterns for RIBS at an aggressor eNB depends on a number of factors not necessarily known to the synchronisation target eNB. 
It was explained that in order to avoid unnecessary waste of resources it is important for a synchronisation target eNB to know the muting patterns adopted by the aggressor eNB.
Further it was explained how muting pattern coordination amongst different aggressor eNBs can be achieved by means of signalling enabled muting patterns to the synchronisation target eNB and by letting it request muting in a sequential way, from the strongest to the less strong aggressor eNBs.

The following conclusions capture the points above: 

Conclusion 1: It is important for an eNB to notify the muting pattern adopted after receiving a request for “Activate Muting” for over the air synchronisation by means of network listening

Conclusion 2: Adding information about the adopted muting pattern in the SON Information Reply IE allows an eNB to be aware of the muting applied by an aggressor eNB. Lack of this information would imply lack of knowledge about the muting applied

Conclusion 3: By receiving muting pattern information a synchronisation target eNB can enable coordination of muting patterns amongst different aggressor eNBs

It is proposed to agree to the conclusions above and to approve the CR in [3], which enables the recommended changes.
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