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1
Introduction

RAN3 has received two LSs from RAN1 in [1] and [2] describing the progress in the area of radio interface based synchronisation.  

In summary, the information from the LSs that are relevant to RAN3 to specify the signalling needed to make the radio interface based synchronisation mechanisms work are as follows.
Excerpts relevant to RAN3 from [1]:

Agreement:

· Specify listening RS(s) including RS pattern, and subframe periodicity, and offset, for both FDD and TDD

Agreement:

· PRS and/or CRS is used as the listening RS for RIBS

· FFS: Down-select of listening RS

· Subframe-level muting is supported for RIBS

Excerpts relevant to RAN3 from [2]:

· For network listening, the following RS pattern is supported by configuration 

· CRS only 

· The number of CRS ports can be 1 or 2 

· CRS and PRS 

· The number of CRS ports can be 1 or 2 

· The eNB should use one periodicity and offset of network listening RS that can be selected from the following recommended range of values

· A range of values (>=2) for the periodicity 

· Choose all or a subset from [1280ms, 2560ms, 5120ms, 10240ms] 
· There is no consensus in RAN1 on the additional periodicities of 640ms and 20480ms
· Values of offsets FFS
· The max number of hops is kept at 3. 
The LSs from RAN1 indicate that mechanisms need to be designed to let an eNB synchronise with another eNB over the air and that such synchronization can be facilitated by enabling muting of interfering reference signals (RS).

The LSs clarify that the RSs to be used for over the air synchronization are the existing CRS and PRS signals, which are already transmitted very frequently (i.e. at every subframe or more frequently). Therefore, when the LSs mention “listening RS”, they refer to the pattern of resources for which decoding of the RS for synchronization purposes shall be performed by the eNB in need of synchronisation. Namely, the listening RS information becomes the information concerning the muting patterns that have to be enabled by an aggressor eNBs to allow the synchronizing eNB to correctly decode the RS.
In this paper the rationale of the RAN1 agreements is described and a way forward for RAN3 is proposed.
2
Analysis of RIBS agreements
The solutions discussed and agreements taken in RAN1 concerning RIBS allow an eNB to detect a neighbour cell signal and synchronise with it in an easier way. 
In particular, in cases where an eNB detects a cell’s reference signal suitable for synchronisation and with stratum level lower than other neighbours RSs (note: the lower the stratum level, the higher the signal accuracy is with respect to a synchronisation source such as GNSS), RAN1 agreed that it would be beneficial if other cells interfering with the synchronisation signal could adopt a muting pattern where all RSs (i.e. both CRS and PRS) are muted in certain subframes and according to a certain pattern that can repeat with a certain period. 
Figure 1 describes a possible scenario where such synchronisation may be needed.
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Figure1: Example of RIBS scenario
In Figure 1 it can be seen that Cell S emits a reference signal that is GNSS synchronised. eNB C, serving Cell C, can deduce such information via e.g.S1 signalling of the SON Information IE, namely by receiving a Time Synchronization Info IE where the Stratum Level IE has been set to “0”. 
Similarly, eNB A, serving Cell A, can deduce that Cell C is a better synchronisation source than Cell B and may try to use Cell C’s RS to synchronise. However, in order to achieve correct detection of Cell C’s RS, eNB A needs to be protected from interference from Cell B.

For this reason RAN1 has agreed that it would be beneficial to establish a subframe muting pattern, i.e. a pattern of subframes where all RS signals of interfering cells are muted. 

It is plausible to assume that this pattern is static, i.e. it changes very seldom or indeed it does not change. This is because, unlike similar muting patterns such as ABS, this pattern does not change with traffic loads. It can be therefore assumed that one or more patterns are configured at an eNB and are selected depending on the traffic demand sustained.
Once configured and if needed, the pattern shall be signalled from aggressor eNB to victim eNB, so that the victim triggers detection of synchronisation RS during the SFs when the aggressor(s) are muted.

3
Proposal and way forward   

The remit of RAN3’s work as part of RIBS is that of enabling signalling of the muting pattern from aggressor eNB cell to victim eNB. 
As specified in RAN1’s LSs the pattern consists of an indication of subframes where RSs are muted. The pattern shall be signalled together with a period, out of those detailed by RAN1. 
Also, it should be possible to understand the offset with which the pattern should be used at the receiving eNB.

As a first assumption and given the fact that the muting pattern is not likely to change frequently, the following proposal can be made:

Proposal 1: it is proposed that the RIBS subframe muting patterns are configured at the eNB, e.g. via OAM. An eNB can adopt a pattern that most suits its load conditions.
Secondly, the pattern can be interpreted as starting at SFN0 and SF0 of the sending eNB’s cell. The latter is a principle already adopted with ABS patterns, where the semantics state the following: 

	>>ABS Pattern Info
	M
	
	BIT STRING (SIZE(40))
	Each position in the bitmap represents a DL subframe, for which value "1" indicates ‘ABS’ and value "0" indicates ’non ABS’.

The first position of the ABS pattern corresponds to subframe 0 in a radio frame where SFN = 0. The ABS pattern is continuously repeated in all radio frames.

The maximum number of subframes is 40.


By using the same approach for RIBS patterns it is possible to avoid specifying time offsets.

Proposal 2: It is proposed to assume that the RIBS muting pattern starts at SFN=0 and subframe 0 of the eNB sending the pattern information
In order to communicate the muting pattern a signalling procedure needs to be selected.
Currently, network interface based signalling for synchronisation purposes is enabled by means of the S1: eNB Configuration Transfer and S1: MME Configuration Transfer procedures according to the following steps:


1) eNB1 generates an eNB Configuration Transfer message containing a SON Information Transfer IE

2) The MME receiving the eNB Configuration Transfer message forwards the SON Information Transfer IE towards a target eNB2 indicated in the IE by means of the MME Configuration Transfer message
3) If the SON Configuration Transfer IE contains a SON Information Request IE set to “Time synchronization Info”, the receiving eNB2 may reply with an eNB Configuration Transfer message towards the eNB1 including a SON Information Reply IE and Timing Synchronisation Information IE, which consist of Stratum Level and Synchronisation Status of the sending node.
4) The MME receiving the eNB Configuration Transfer message from eNB2 forwards it to eNB 1 by means of the MME Configuration Transfer message. 
The signalling procedures above could be enhanced to convey muting patterns for the purpose of RIBS.
The first observation to be made is that muting patterns need to be activated only if needed. Namely, only if an eNB decides to synchronise via a neighbour cell’s RS signal and only if such synchronisation requires other neighbour cells to mute in order to properly decode the signal, muting patterns in neighbour cells need to be activated. Likewise, such patterns would need to be deactivated as soon as they are not needed, e.g. due to the source of synchronisation RS not being available any longer.
Activation and deactivation of muting patterns is important. In fact, the unnecessary use of muting patterns would lower the system performance and cause loss of capacity.

Observation 1: In order to limit the unnecessary use ofmuted subframes patterns, it shall be possible to enable and disable muting patterns for RIBS depending on the needs of the synchronising eNB

On the basis of the observation above, one way to achieve activation and deactivation of RIBS muting patterns could consist of the following steps:
1) Advertising the availability of RIBS muting patterns by means of enhancing the SON Information Reply IE (received as a consequence of sending a SON Information Request IE set to “Time Synchronisation Info”) 

2) Enabling a victim eNB to request activation of RIBS muting patterns by enhancing the SON Information Request IE

3) Enabling an aggressor eNB to signal RIBS muting pattern and period by means of enhancing the SON Information Reply IE

4) Enabling an eNB to request de-activation of RIBS muting patterns by enhancing the SON Information Request IE

The above steps can be achieved by means of the example procedures shown in Figure 2.
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Figure 2: Example of signalling procedure to enable/disable muting patterns for RIBS

Figure 2 can be described as follows:

1-2) An eNB1 in need of synchronisation detects one or more cells from eNB2 and eNB3 and sends an eNB Configuration Transfer message with SON Information Request IE set to “Time Synchronisation Info” to eNB2 and eNB3. The SON Information Request IE will be transparently forwarded as part of an MME Configuration Transfer to the target eNB2 and eNB3.
3-4) eNB 2 and eNB3 respond with an eNB Configuration Transfer message containing the SON Information Reply IE. This IE contains legacy information such as the Time Synchronisation Information IE and in addition contains a new optional flag stating whether RIBS muting patterns are available for activation or not. The information will be forwarded to eNB1 in MME Configuration Transfer messages
5-6) eNB1 evaluates which RS signals between eNB2 and eNB3 are the best in terms of e.g. strength and stratum level for the purpose of synchronisation. Assuming that eNB3 is the best synchronisation source, eNB1 determines that for correct detection of RS from eNB3, RS signals from eNB2 need to be muted. Therefore, eNB1 sends an eNB Configuration Transfer message towards eNB2 with a SON Information Request IE set to a new value, e.g. “Activate RIBS Pattern”. The message may also contain a list of cells for which the muting pattern should be applied, depending on what eNB1 considers to be the strongest interfering cells
7-8) eNB2 selects the pattern and pattern periodicity that best suits its traffic load conditions and enables such pattern for the cells indicated by eNB1. eNB2 responds with an eNB Configuration Transfer message towards eNB1, where the SON Information Reply IE contains RIBS muting patterns characteristics and list of cells for which the patterns have been enabled

9-10) At  a later point in time, it may occur that eNB1 does not need the RS of eNB3 as source of synchronisation or indeed it may occur that eNB3’s signal becomes unavailable. This may cause that there is no more need for interference protection from eNB2. If the latter occurs, eNB1 may request deactivation of the muting patterns via an eNB Configuration Transfer message towards eNB2 where the SON Information Request IE has been set to a new value, e.g. “Deactivate RIBS Pattern”. Optionally, a list of cells for which deactivation has to occur can be specified.
The procedure described in Figure 2 follows two simple principles:  reusing existing procedures to exchange information about RIBS muting patterns and enabling activation and deactivation of patterns. 
Note that by reusing existing procedures it is possible to save signalling messages. For example, as shown in Figure 2 a SON Information Reply may contain at the same time “Time Synchronisation Information” and an indication of RIBS muting patterns availability. 
It has also to be noted that the procedure described in Figure 2 is not likely to occur frequently. This is because once a source of synchronisation is identified and RIBS patterns are requested, they are likely to remain active until the cell footprint changes, e.g. the source of synchronisation changes.

The following is therefore proposed as basis for RIBS procedures design.

Proposal 3: It is proposed to reuse S1 eNB/MME Configuration Transfer signalling to support activation and deactivation of RIBS muting patterns
3
Conclusions  

In this paper an overall description of the progress made in RAN1 on radio interface based synchronisation was presented. The paper described the importance of specifying signalling procedures to activate and deactivate RS muting patterns.
It is proposed to follow a way forward based on the proposals below:

Proposal 1: it is proposed that the RIBS subframe muting patterns are configured at the eNB, e.g. via OAM. An eNB can adopt a pattern that most suites its load conditions.
Proposal 2: It is proposed to assume that the RIBS muting pattern starts at SFN=0 and subframe 0 of receiving eNB

Proposal 3: It is proposed to reuse S1 eNB/MME Configuration Transfer signalling to support activation and deactivation of RIBS muting patterns

A Stage 3 description of the methods presented in this paper is available in [3]
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