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1
Introduction
In TSG RAN#46 meeting, RAN discussed the issues of synchronization using network listening techniques as well as using additional signalling support for multi-hop scenario, e.g. stratum info and synchronization status. A LS [1] 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, possibly including the stratum level and synchronization status of a TDD Home eNodeB in Rel9”.

On last RAN3# 66bis, there have been several contributions[2]-[7] derived from the RAN plenary LS. The discussion was mainly on whether RAN3 should consider developing signalling for TDD HeNB multi-hop synchronization.
This contribution gives an introduction on current schemes regarding signalling requirements.
2
Current schemes regarding signalling requirements
Currently there are several discussions in RAN4 for TDD HeNB synchronization by air interface. Such discussions are based on the assumption that GNSS (e.g GPS) and network synchronization methods (e.g IEEE 1588v2) are not available. 
The initial synchronization is similar to the UE DL synchronization. When booting up, the HeNB will select synchronization source and follow its PSS/SSS to get synchronized to prepare for normal operation. After that, HeNB also need to maintain the synchronization with the source, because of cost consideration HeNB may use cheap oscillator which may introduce drift on frequency and timing. Relevant index on frequency error and maintenance periods has already been specified in [8]. 

Two network listening schemes for maintaining synchronization have also already been captured in TR 36.922 [8] on last RAN4-AH-1 meeting.  Both schemes are monitoring CRS of synchronization source and accordingly adjust to maintain synchronization. To provide opportunities on normal operation mode for CRS monitoring, that is to say requiring to stop transmitting to its UE (also known as muting) when monitoring, one solution is utilizing GP of TDD, another solution is declaring some subframe as MBSFN SF on synchronization purpose.  
2.1 GP based synchronization
The GP based solution configures HeNBs (except those adopting GPS or synced with IEEE1588) with a SSF (special subframe) of less OS (OFDM symbols) for DwPTS other than a source node (Macro or other HeNB with accurate sync), and then provide opportunity on its GP to follow its synchronization source node’s CRS.  Detail information can befound in [9].
· This is an easy deployment solution not require extra signalling. Due to the SSF configuration pair, this solution is not providing too many hops, and will mainly target single-hop scenarios. As mentioned in [2] single-hop scenarios constitute the majority of possible scenarios.

· For simple deployment, HeNB (if not as sync source) can be unified configured with same SSF configuration, if si it doe not need to cooperate with other HeNBs on muting to avoid interference. Although currently in [10] the TDD SSF configuration signalling was agreed on SA5 for O&M, HeNBs can live without this signalling with pre-configuration implementation. Also since the configuration of HeNB remains similar for all radio frame, then once initially synchronized and once the frame starting time is aligned in the network, HeNB does not need to align the frame number between each other or resolve the “common time” problem as MBSFN scheme required. 
· Then in one word, with GP based solution which is only targeting to simple but widely existed scenario, there is no requirement for extra access network signalling.   
2.2 MBSFN based synchronization
The MBSFN based solution declares MBSFN subframes for the HeNBs in the network at the same time in a coordinated manner on single-hop. If supporting multi-hop, synchronization stratum also needs to be coordinated. To avoid interference, the declared MBSFN SFs for different synchronization stratum are usually put on different places. Detail information can be checked with [9]. This solution can support multi-hops with coordination schemes on the following aspects: 
· Each HeNB should know the mapping of different strata and corresponding MBSFN SF places through O&M signalling. The relevant O&M signalling have already agreed on last SA5 meeting[10], with a syncStratumID IE of range providing up to 8 strata (supporting signalling scheme as well as blind detection scheme). While further more, since MBSFN SF will not occur in all the RFs (Radio frame), so simply RF starting time alignment will not ensure MBSFN SF occurs on same Radio Frame, because although each HeNB knows “when” should they mute for MBSFN SF, but maybe they don’t have a “common time”. And any solution (including signalling) for this common time problem may need further consideration, while currently not conclusion in RAN.
· Stratum of one HeNB should be decided by itself and then HeNB mutes (declare MBSFN) on corresponding place. While for how to determine own stratum of a HeNB, there are also two schemes discussed in RAN3 and RAN4 without conclusion:

· One is signalling based scheme as [3] [6] etc, where each HeNB (or maybe eNB) are required to send out synchronization status and stratum information basing a query. 
· That is requiring eNB also need to response this query on synchronization status in order to be differentiated with free running HeNB, and then rel8 eNB may need to update to rel9 to support HeNB synchronization. E.g.
· eNB as sync status = 1 (GNSS-synced); stratum = 0
· free running HeNB as sync status = 0 (non GNSS-synced) ; stratum = 0.

· HeNB needs to get the neighbour HeNB’s global cell ID, as the assumed signalling on [3] [6] are based on SON signalling and require to carry destination node’s global cell ID (e.g. the neighbour HeNB). Then at least to be able to send out query for retrieving any stratum info and sync status, HeNB need to read all (or at least a selected list of) its neighbour’s PBCHs to get global cell ID of each. And reading one HeNB’s PBCH should base on the initial synchronized with this HeNB. That is a higher capability requirement than just following PSS/SSS. 
· Considering recheck PBCH, after the booting up determination on stratum, HeNB can not find another chance on normal operation to recheck its neighbours PBCH, because PBCH place can not be muted as easy as CRS for HeNB. Thus if the sync-source node shut down (e.g. another HeNB), the HeNB can not change its stratum once selected, especially when the shutting down is due of power supply problem of that node.  
· The other one is blind detection scheme proposed on [2][11][12], that means HeNB will do blind detection on declared MBSFN SFs of all possible stratum (normally on booting stage), find the MBSFN SF location, and then contrast the mapping table send by O&M to recognize the strata of its surrounding base stations, then to decide its synchronization source, thus also decide its own stratum and place for declared MBSFN SF. 

· To differentiate eNB and free running node, there are no extra work for eNB to send out signalling, it only need to allocate one MBSFN SF for free running type HeNB. And since the syncStratumID range can support for 8 stratums configuration (configurable by operators), that is enough for provide different MBSFN SF places for GNSS sync-ed stratum 1-4 and non-GNSS sync-ed stratum 1-4. 

· Since blind detection will detect the existed MBSFN SFs (these MBSFN SFs are similar declared with signalling scheme), then no more overhead be introduced comparing with signalling scheme. And further more, S1 signalling procedure can be saved.
· Periodically, the HeNB may reserve all declared MBSFN SF places for all the strata in one or several rounds (e.g. 8 MBSFN SFs for all the 8 strata   ) and detect whether any change occurs which may impact its stratum, e.g. synchronization source node shutting down, and then adapt its own stratum accordingly on operation. Non-GNSS synchronized stratum and GNSS synchronized stratum can be differentiated by different muting places which can ensure smooth stratum change between both types. 
· As summary of blind detection for MBSFN based scheme, it can fulfil all scenario where signalling scheme supported. And no extra signalling is required by blind detection for MBSFN SF based scheme.
3
Summary 
This contribution introduces the RAN4 discussed schemes for TDD HeNB synchronization, and the signalling requirements for the current schemes. 
· The GP based solution is mainly targeting for simple but most widely scenario of single-hop synchronization with macro-cell, which do not rely on any signalling at all.

· And MBSFN SF based solution is more capable to support multi-hops synchronization; to select sync source and determine HeNB’s own stratum, the two solutions of signalling scheme and blind detection:
· have similar requirement rely on O&M signalling providing MBSFN SF place for each stratum;
· have similar overhead on declared MBSFN SFs;  
· support similar scenario for multi-hops.
Then it is proposed both RAN4 and RAN3 acknowledge RAN plenary the current solutions, [keep the options in TR and leave for operator selection in deployment] or change to [that at least solutions without signalling exists covering all the current discussion aspects.]
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