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1
Introduction
Synchronization requirements for TDD HeNBs have been analyzed in previous RAN4 meetings and it was determined that over-the-air synchronization using network listening is an essential synchronization technique for meeting the requirements [1][2][3]. It was also determined that some signalling is required to support this synchronization method.
In this contribution we propose to capture the necessary features of network signaling in Section 6.5 of TR ab.cde [4]:
2
Discussion
Over-the-air synchronization using network listening has been identified as an essential synchronization technique for HeNBs. In this technique, a HeNB monitors the downlink waveform of another eNB or HeNB periodically and adjusts its own transmit time and/or frequency reference according to the received waveform. 

RAN4 has further determined that multi-hop or multi-stratum synchronization should be supported [2][3]. In this context it should be noted that the stratum number of a HeNB is self-configured and that all HeNBs try to track the lowest available stratum node. Furthermore, the stratum number is a dynamic quantity that could vary with changing RF conditions. 
To enable multi-stratum synchronization, it is vital for the HeNBs to be aware of (1) whether the cell they’re tracking is synchronous (2) the stratum number of the (H)eNB they’re tracking. In order to obtain this information, these two quantities have to be signalled. To define the signaling methods an LS was sent to the concerning groups [5]. In the next section we bring a text proposals to [4] to capture the signaling methods used to enable network listening.
3
Text Proposal
Considering the necessity for signaling to support network listening, we propose to capture the following text in Section 6.5 of TR ab.cde[3]:
--- Start Text Proposal ---
6.5   Synchronization Requirement
6.5.X Techniques for Synchronization
Three synchronization techniques have been idetified for HeNB synchronization. 

GPS. If a HeNB contains a GPS receiver and can acquire the GPS synchronization signals, then GPS provides the most accurate synchronization accuracy (on the order of 100ns). However, GPS receivers come at their own cost, and do not always work in some important scenarios (e.g. indoors.)

IEEE 1588 v2. Under good backhaul conditions (e.g. operator controlled fiber / ethernet), IEEE 1588 v2 can provide sub-microsecond level accuracy. However, such good backhaul conditions may not always be possible. In particular backhauls over cable and DSL modems have significant jitter and delay variations. Even more importantly, the upstream packet delay δ1 is often not equal to the downstream delay δ2 creating an error of (δ1 – δ2)/2. This resulting error can be in the range of many milliseconds (even 100s of milliseconds), rendering IEEE 1588v2 useless for the purpose of TD-LTE synchronization.  

Network Listening. Network listening can be used in scenarios where GPS and IEEE 1588 v2 do not work. For this reason, network listening is an essential synchronization scheme for TD-LTE HeNBs [5]. 
6.5.X.1 Synchronization using Network Listening
The technique in which a HeNB derives its timing from a synchronized eNB or HeNB(which in turn may be GNSS-synchronized) is refered to here as “synchronization using network listening”. A HeNB that uses network listening (say HeNB1) may utilize a synchronization signal from another eNB (say sync eNB) to derive its timing (PSS/SSS/CRS). Another HeNB (say HeNB2) may choose to synchronize to sync eNB or HeNB1 depending on which signal has higher strength. This way synchronization can be achieved using multiple hops. Fig. 6.5.X.1-1 illustrates the concept of network listening using multiple hops. Multi-hop is an essential part of network listening to achieve network synchronization since not all HeNB would be able to synchronize directly to a eNB or HeNB that is GNSS-synchronized (a primary source of synchronization).
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Fig. 6.5.X.1-1 Multi Hop Synchronization using Network listening

6.5.X.1.1 Multihop Synchronization and Synchronization Stratum
Network listening using multihop is susceptible to interference issues. In particular, HeNBs that are in the vicinity of others that use network listening may not be able to receive the synchronization signals from a farther off node due to strong interference from them. This is shown in Fig. 6.5.X.1.1-1. This problem can be avoided ensuring that all synchronizing HeNBs track the synchronization signal at roughly the same time (coordinated for example via NTP). Alternately, asynchronous cells should not be allowed to transmit while they are attempting to acquire synchronization in order not to jam other HeNBs.  
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Fig. 6.5.X.1.1-1 Interference problem in network listening
Once the search is completed, the HeNBs need to continue tracking the synchronization signal periodically (to account for clock drifts caused by frequency error.) This should be done by ensuring that the cells track the synchronization signal at the same time, so that they don’t interfere with each other. Fig. 6.5.X.1.1-2 shows how this can be done. In this example HeNB1 tracks sync eNB without interference from HeNB2. Additionally, HeNB2 tracks the synchronization signals from HeNB1. CRS should be used for tracking (needs more justification).  
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Fig. 6.5.X.1.1-2 Interference problem mitigation 

Note that tracking can be done at very low periodicity (order of a few seconds or higher) as the clock drifts are usually in the order of a fraction of a part per million (for example 250 ppb in the case of HNBs in Rel 8). In order to achieve satisfactory performance, the HeNBs must co-ordinate the periods when they don’t transmit and utilize these opportunities to achieve and maintain synchronization. 
The subframes when an eNB stops transmitting for acquiring or tracking synchronization could impact UEs that expect signal transmission at that time. This impact can be minimized if the UEs would be aware of the lack of signal transmissions. One simple way to achieve this would be to have the HeNBs declare these subframes as MBSFN subframes. Since UEs do not expect any CRS within the last 12 symbols of an MBSFN subframe, this ensures that the HeNB can track its synchronization source without any impact on its own UEs. In order to minimize the overhead, the number of subframes used for tracking in the entire network should be minimized.
Related to this, the concept of synchronization stratum is introduced. The synchronization stratum of a particular (H)eNB is defined as the smallest number of hops between the (H)eNB and the GPS source. Based on the stratum value the eNB decides when to silence its transmissions. The eNBs with inherent synchronization (e.g. from a GNSS source) are defined as stratum 0, the HeNBs acquiring synchronization from these have stratum 1 and so forth (e.g. in Fig. 6.5.X.1-1 HeNB1 has stratum 1 and HeNB2 has statum 2). To minimize the afore mentioned overhead, the number of hops in the network should be nimized, hence, a HeNB should track a synchronized (H)eNB with the lowest possible stratum.
6.5.X.1.2 Support for Synchronization using Network Listening
To enable multi-stratum synchronization, it is vital for the HeNBs to be aware of (1) whether the cell they’re tracking is synchronous and (2) the stratum number of the (H)eNB they’re tracking. In order for a HeNB to obtain this information, these two quantities have to be signalled. 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]. Methods for transmission of these bits could be one or more of the following:
(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 lower stratum number (H)eNB without any impact on its own UEs. Based on this, all HeNBs should 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 (for TDD) since these are always non-MBSFN subframes.
--- End Text Proposal ---
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