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1
Introduction
In TSG RAN#46 meeting, RAN discussed the issues of synchronization using Network listening, especially additional signalling support for multi-hop scenario, e.g. stratum info and synchronization status. A LS [2] was sent out from TSG RAN#46, with action of “RAN kindly asks RAN4 to consider the possibility of further mechanism without additional signalling for TDD Home eNodeB in Rel9” and “RAN3 to consider the possibility to add the backhaul signalling required for TDD eNB synchronization.”
In RAN4-#AH-1 meeting, based on the MBSFN based network listening scheme, a blind detection measurement was proposed to sufficiently avoid extra signalling supporting to indicate the stratum information [4]. In [5][6], it was proposed that blind detection is not sufficient and backhaul synchronization signaling is necessary in several operator deployment scenarios [7]. A way forward was proposed in [8] to inform the endorsement of both blind detection and backhaul signalling solutions to RAN3 and RAN plenary, and also to have RAN3 specify optional backhaul signaling, and suggest RAN plenary to approve these two solutions and leave the choice of using the backhaul signaling or blind detection to the operator depending on the deployment. 
2
Text Proposal
Considered the feasibility of multi-hop synchronization for Rel9 HeNB, we propose the following text be captured into Section 6.5 of TR 36.922[1] to propose the conveyance mechanism for stratum info and synchronization status:
--- Start Text Proposal ---
6.5   Synchronization Requirement
6.5.X.1.4 Indication of Stratum Level and Synchronization Status
The HeNB should be aware of its neighbours synchronization hierarchy (stratum info), and then correspondingly decide its own stratum number. Also, the HeNB needs to let others know its own synchronization status and stratum info. Two solutions are proposed to fulfil this function as below. 

Note that while the solutions are described in the context of the MBSFN-subframe based scheme, the use of these solutions for other schemes (including schemes not listed in the TR) is not precluded.  
RAN4 endorses both backhaul signalling and blind detection schemes for indication of stratum level and synchronization status, and their adoption depends on the operator deployment choice. 
It is up to the operator to choose either backhaul signaling or blind detection depending on the deployment. 
6.5.X.1.4.1 Stratum Indication Using Backhaul Signaling 
The optional backhaul signalling of time synchronization status and stratum level are TDD HeNB specific. Optional only means that it is up to the operator to decide whether to use the signaling or not depending on the deployment.  

An HeNB can get information of neighboring eNB’s time synchronization status and stratum level over the backhaul by using the S1-AP eNB configuration transfer procedure and the S1-AP MME configuration transfer procedure.

The HeNB_1 initiates S1-AP eNB configuration transfer procedure by sending the MME the eNB CONFIGURATION TRANSFER message containing the target eNB ID and Time Sync Info request. The MME forwards the request to the target eNB with the MME CONFIGURATION TRANSFER message.

When the (H)eNB_2 receives the MME CONFIGURATION TRANSFER message with Time Sync Info request, it replies to the MME with eNB CONFIGURATION TRANSFER message containing its stratum level and sync status. The MME forwards the received information to the HeNB1.
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Figure 6.5.X.1.4.1-1 Stratum Indication by Backhaul Signaling
6.5.X.1.4.2 Stratum Indication by Blind Detection
Blind detection, as an alternative mechanism, is proposed in [4], which can fulfil the convey requirement for stratum info and synchronization status without signalling when the OAM configures or all HeNBs embedded pre-configure the same muting places (e.g. MBSFN subframes) for a given value of stratum and status, while configures different muting places for other values of stratum and status.  Optional OAM signalling of MBSFN subframes as a function of stratum is available on [9]. If with all HeNBs embedded pre-configurion, then it is no need to send the OAM signalling. For blind detection, all HeNBs should well know the mapping relationship of each stratum and its muting place, here one instance of the muting place can be subframes declared as MBSFN for this stratum. One mapping example is illustrated on Fig 6.5.X.1.2-3, that HeNB stratum 1 will trace CRS in SF#2 of RF#1, HeNB stratum 2 will trace CRS of stratum 1 in SF#2 of RF#2, also mute to avoiding interference to HeNB of stratum 1 (this muting could be omitted if power control is appropriately utilized then interference will be mitigated); similar ruling is taken to the following strata. 

HeNB do blind detection for the existence of CRS on muting place for all possible stratum (normally on booting stage) and contrast the mapping table to recognize the strata of its surrounding base stations, and basing some strategy to decide its synchronization source, thus also decide its own stratum and muting place. 

On normal working, HeNB execute network listening on its specific muting place according stratum, while that is also indicating its stratum and synchronization info for new booted neighbour who is doing blind detection.
Periodically, this HeNB may reserve all muting places for one or several rounds, and detect whether any change occurs which may impact its stratum, e.g. synchronization source node shutting down or new node booting up providing lower stratum than current source, and adapt its own stratum accordingly. Non-GNSS synchronized stratum and GNSS synchronized stratum can be differentiated if different muting places are used for the two which can ensure smooth stratum change between both types.  
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Fig. 6.5.X.1.4.2-1 Explanation for blind detection on stratum info and synchronization status


Fig. 6.5.X.1.4.2-2 HeNB procedure for blind detection on stratum info and synchronization status
6.5.X.1.5 Scheme Comparison and Technical Endorsement
A brief comparison of the proposed schemes is shown in Table 6.5.X.1.5.


Table 6.5.X.1.5: Comparisons for different network listening schemes
	Network Listening schemes
	Scheme 1
	Scheme 2

	Principle of the scheme
	· Use MBSFN subframes for tracking CRS of donor (H)eNB
	· Use DwPTS for tracking CRS of donor (H)eNB

	Performance

(e.g. synchronization accuracy, speed, etc)
	Meets requirements
Provides flexible overhead-tracking periodicity tradeoff
	Meets requirements
CRS tracing can be done every Radio Frame, which ensure robust synchronization

	HeNB Overhead

(e.g. OFDM symbols per [320ms])
	0.3% for stratum-1 nodes when using the lowest periodicity of only 1 MBSFN for tracking per 320ms
	Maximum 12.86% with 2 switch point per RF

Minimum 1.43% with 1 switch point per RF

	Number of multi-hops supported
	4

	1, up to 2 with some cases of special SF configuration (e.g. Normal CP SSF Conf.4( Conf. 2 (Conf. 5)

	Compatibility and impacts on current network
	Fully backward compatible
	Fully backward compatible

	Impacts on specifications
	Optional backhaul signaling will be specified, and either backhaul signaling or blind detection scheme used depending on operator deployment.
	No extra signalling is needed when supporting only single hop

	Others
	Could be used by a HeNB capable of either FDD or TDD mode
	Could be used by a HeNB

capable of TDD mode 


RAN4 endorses both the GP based solution and the MBSFN subframe based solution.
--- End Text Proposal ---
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