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1. Introduction

In the LS R2-095423 [1], RAN4 stated that synchronization using network listening is an essential synchronization technique for TDD HeNBs and requested RAN2 to provide the necessary signalling support. In particular, RAN2 was asked to indicate one bit on whether the HeNB is synchronized and 2 bits for the synchronization stratum. We refer to these 3 bits as the “sync support bits” in this contribution.
The RAN4 LS mentioned three possibilities for sending these bits. In this document, we analyze each of these options for sending these bits.  

2. Discussion
2.1. Options for signalling
The three options listed in [1] are: 

(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.
RAN4 requested RAN2 to analyse these and other options, and find the most appropriate signalling mechanisms for the sync support bits.
2.2. Analysis of the three OTA options
The following description of synchronization using network listening [1] further allows us to analyze the three options. In this contribution, we will refer to the (H)eNB whose signal is being tracked as the “donor (H)eNB”, and the HeNB which is monitoring the CRS of the donor (H)eNB as the tracking HeNB.
“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. 
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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.) ”
This implies that stratum number and synchronization status bit of any (H)eNB could change, but such changes happen infrequently.  As mentioned in [1], the first two options of sending on the MIB and SIB-1 do require the tracking (H)eNB to turn off its own MIB or SIB-1 to monitor the MIB / SIB-1 of the donor (H)eNB. This will have some impact on the tracking (H)eNB’s UEs, but the impact would be limited as such monitoring occurs infrequently. 
Option 3 on the other hand has no impact on the UE and hence would be preferred from that perspective. Option 3 also has the following additional advantage: A tracking HeNB is already in network listening mode and monitoring the CRS on these particular subframes, hence no additional subframes are lost for monitoring the sync support bits (as would be the case in the first two options). Note that the donor HeNB will be aware of such subframes since the list of subframes to be used is signalled by the OAM as indicated in [1] (copied below). 
“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.”
It should be noted that while the tracking HeNBs declare an MBSFN subframe to reduce UE impact, the donor (H)eNB does not do so, and hence can transmit data on such subframes. This is further explained in the figure below. The second subframe in the figure is used by the HeNB1 for tracking of CRS and possibly synch support bits. The donor eNB0 can still transmit data on such subframes.
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Figure-1: MBSFN subframes for CRS and sync support bits tracking
Proposal 1:
Adopt the option 3 indicated in the RAN4 LS [1]
2.3. Signalling for ‘synch support bits’
With the option 3, we need to decide the RRC signalling that is used for conveying the synch support bits. We propose to define a new BCCH message for this purpose (BCCH for network use). Transmission of this new BCCH needs to be separated from that of normal system information blocks so that it does not affect the “transmission window” mechanism of the normal SIBs (i.e. the UE does not assume  overlapping window).
As discussed in the previous section. a HeNB at stratum 1 or beyond declares its MBSFN subframes in order to be able to track the CRS of the donor (H)eNB and so there is no additional overhead incurred for the acquisition of the synch support bits. So in the example in the figure-1, the second subframe is used by the tracking eNB (eNB1) to read the synch support bits.

The donor (H)eNB is aware of those subframes of the tracking HeNBs. Using BCCH over DL-SCH, it is up to the scheduler of the donor eNB how many re-transmissions it wants to use for transmission of the new SIB for increased reliability.
A reserved C-RNTI (instead of SI-RNTI) can be used for the transmission of  the BCCH message. This does not require any RAN specification change. It is just that  
Proposal 2:
Define a new BCCH for signalling of the synch support bits. The BCCH message is transmitted only at subframes of the donor (H)eNB corresponding to the MBSFN subframes declared by the tracking HeNBs
Proposal 3:
Use a reserved C-RNTI for the transmission of the new BCCH message

Proposal 4:
Inform SA5 about the potential need of providing the reserved C-RNTI to tracking HeNBs over OAM interface
2.4. OTA vs. Backhaul Signalling
We now revisit the description of OTA synchronization given in [1] and see the impact of the different options for signalling the sync support bits.  

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.

It is beneficial for the synchronization and stratum bits to be sent over the air (as opposed to over the backhaul) for the following reasons: 
(a) 
The tracking HeNB is already tracking the donor (H)eNB, and can easily read the sync support bits.

(b)  
Multiple HeNBs may be tracking the donor (H)eNB and the use of OTA signalling ensures the sync support bits are broadcast to all tracking HeNBs. This is especially the case when the donor is a macro cell; there may be scalability issues for a macro cell to have to communicate with multiple (H)eNBs.  

(c) 
OTA signalling has smaller latency compared to a HeNB backhaul, allowing for the tracking HeNB to quickly acquire synchronization and start transmitting. 
3. Conclusion
Based on the analysis above, we recommend RAN2 to adopt option 3 listed in [1] for transmitting the sync support bits i.e., a donor (H)eNB should transmit its sync support bits in a fraction of the subframes used by its tracking HeNBs for tracking the CRS. We further propose to define a new BCCCH message for the signalling of sync support bits.
Proposal 1:
Adopt the option 3 indicated in the RAN4 LS [1]
Proposal 2:
Define a new BCCH for signalling of the synch support bits. The BCCH message is transmitted only at subframes of the donor (H)eNB corresponding to the MBSFN subframes declared by the tracking HeNBs
Proposal 3:
Use a reserved C-RNTI for the transmission of the new BCCH message

Proposal 4:
Inform SA5 about the potential need of providing the reserved C-RNTI to tracking HeNBs over OAM interface
A CR corresponding to the proposals 1 to 3 is provided in [2]
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