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1. Introduction

RAN4 has determined that over-the-air synchronization using network listening is an essential synchronization technique for Home eNodeBs (HeNBs) [1][2][3]. In this technique, a Home eNodeB monitors the downlink waveform of another eNB or HeNB periodically, and adjusts its own transmit time and/or frequency reference according to that received waveform. The common reference signal (CRS) should be used for tracking [1][2][3]. Two possible solutions for tracking the CRS have been identified, and these are the use of MBSFN subframes and use of guard period in a TDD special subframe with DwPTS. RAN4 is of the opinion that signalling support to enable a HeNB to use these solutions should be provided.  
Additionally, some operators may need to support multi-hop or multi-stratum synchronization [1][3]. In one example of multi-hop synchronization, HeNB2 may derive its time/frequency from HeNB1, which in turn derives its time from eNB0, which may derive its time from an external reference such as a GNSS. In this example, eNB0 has stratum 0, HeNB1 has stratum 1 and HeNB2 has stratum 2. More generally, if a HeNB tracks another (H)eNB of stratum n, the stratum of the former HeNB is n+1. 
[image: image1.emf]Sync eNB

HeNB1

HeNB2


It should be noted that the stratum number of a HeNB is self-configured, and that the HeNB tries to track the lowest available stratum node. Furthermore, the stratum number is a dynamic quantity that could vary with changing RF conditions (if HeNB1 in the above example is turned off, then HeNB2 could obtain synchronization via a different route, say eNB0 ( HeNB3 ( HeNB4 ( HeNB2, in which case it would have a stratum number of 3.) A HeNB should preferably synchronize to the lowest possible stratum. 
RAN4 is of the opinion that the maximum number of strata is small in most deployments, and it is unlikely that more than 4 strata (2-bit value) are seen in practice [3]. In order to enable multi-stratum synchronization, it is vital for the HeNBs to be aware of the stratum number of the (H)eNB they’re tracking and whether that HeNB is synchronized (1 bit may be needed for this). Based on this, these parameters should be signaled. RAN4 would like to request RAN2 to consider different options for such signaling, including but not limited to transmission of these bits on the 
(1) Master Information Block (MIB). This would require that the HeNB read the PBCH of the donor (lower stratum) (H)eNB. When it does so, it may not be able to transmit its own PBCH. However, since stratum number monitoring is expected to be very infrequent, this may not have a significant impact on the UEs. 

(2) System Information Block (SIB)-1. This would require that the HeNB monitors the subframes in which the SIB-1 is transmitted, and not transmit anything in such subframes. Similar to option (1), this should also have a limited impact on the UEs. 

(3) Subframes that are declared as MBSFN by higher stratum number (H)eNBs: If the tracking HeNB declares an MBSFN subframe while trying to read the stratum number of the donor (H)eNB, there will be no UE impact. However, the donor (H)eNB will need to be aware of which subframes are declared as MBSFN and used by the tracking H(e)NBs for synchronization. 

Additionally, when a HeNB is tracking the CRS of a lower stratum number (H)eNB, it may declare an MBSFN subframe. Since UEs do not expect any CRS within the last 12 symbols of an MBSFN subframe, this ensures that the HeNB can track the CRS of the lower stratum number (H)eNB without any impact on its own UEs. Based on this, RAN4 is of the opinion that all HeNBs be informed of the minimum set of MBSFN subframes to be used for synchronization for each stratum number. For example, stratum 1 nodes could declare the subframe #2 in every 32nd radio frame as MBSFN and use this subframe to perform their network listening. Similarly, stratum 2 nodes could declare subframes #3 and #7 in every 32nd radio frame as MBSFN and use these to track the stratum-1 nodes. Since the maximum possible periodicity of MBSFN subframes is 320ms, it should suffice to indicate the MBSFN subframes in a 320ms interval i.e., 32 radio frames. However, the subframe number should not take values of 0, 1, 5, 6 in TDD since these are always non-MBSFN subframes. 

Similarly, a HeNB may use a larger guard period in order to monitor the CRS of a lower stratum eNB. Therefore, RAN4 kindly asks SA5 to provide the GP information over the management interface. 
2. Actions: 

RAN4 kindly asks RAN2 to specify signaling that indicates the stratum level and synchronization status of an eNodeB. 
RAN4 kindly asks SA5 to provide the means for OAM to inform HeNBs over the management interface about the minimum set of subframes that need to be declared as MBSFN subframes and used for synchronization at each stratum level. This information may be conveyed to the HeNB by providing a list of (radio frame number, subframe number) pairs that are to be declared as MBSFN and used for synchronization at each stratum level. Here the radio frame number takes values between 0 and 31, and the subframe number takes values between 0 and 9. However, the subframe number should not take values of 0, 1, 5, 6 in TDD. RAN4 also asks SA5 to provide the GP information over the management interface. 
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