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1. Introduction 

Synchronization of different cells in a network is a basic requirement for TDD operation in TD-SCDMA and TD-LTE. Additionally, it has the potential to provide performance enhancements for LTE-Advanced [1] networks. Therefore, synchronization is mandatory for TDD cells and may also be recommended for FDD.
In the Indoor scenarios, it is difficult to get the GPS timing reference. Therefore, the synchronization is a big challenge for Home-eNodeB （HeNB）. The network listening scheme [1] is one of the candidate synchronization solutions for HeNB. In this document, we focus on the synchronization accuracy requirement for HeNB. In addition, the analysis also applies to the Home-NodeB in UTRA TDD.
2. Synchronization accuracy requirement for E-UTRA TDD
The synchronization accuracy requirement for E-UTRA TDD has been analyzed in [2]. One prime purpose about the cell synchronization for E-UTRA TDD is to avoid the interference in TDD systems. Interference exists when downlink and uplink timeslots overlap because of non-ideal slot assignment or by slots shifted in time due to timing error and propagation delays. Inter cell interferences include the interference cases of eNB to eNB, UE to UE, eNB to UE and UE to eNB. The latter two kinds of interferences are normal interference cases even for the synchronized system. On the contrary, the first two kinds of interference are the major interferences for TDD and are usually troublesome. Considering that the limiting case is eNB to eNB and UE to UE interferences at uplink to downlink and downlink to uplink switching points, the contribution [2] gives the synchronization accuracy bound from these aspects.
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Fig.1: Downlink to uplink switching point
At the downlink to uplink switching point, the PRACH signal receiving of Enb1 may be interfered in some cases due to additional delay of eNB2 DwPTS by
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. In order to avoid the eNB to eNB interference, the synchronization accuracy bound is
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Where GP is the guard period in the specific subframe in E-UTRA TDD, 
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 is the propagation delay between the two eNBs. 
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 is the transition time for eNB from transmitting to receiving. 

At the same switching point, the time of UE1 starting to transmit PRACH should not be earlier than UE2 receiving DwPTS from eNB2. In order to avoid the UE to UE interference, the synchronization accuracy bound is
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Where 
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 is the propagation delay from eNB-i to UE-i which is connected to BS-i (i=1 or 2). 
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 is the transition time for UE from receiving to transmitting.
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Fig. 2: Uplink to downlink switching point

At the uplink to downlink switching point, the starting time of BS1 power ramping should not be earlier than the end of BS2 receiving UL subframe. Therefore, the bound is
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Where 
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, the timing advance offset, can be referenced to TS36.211. 
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 is the time for eNB power ramping up.
At the same switching point, as UE transmit timing advance in UL subframe and UE receiving delay in DL subframe due to the propagation delay, the bound is
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Where 
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 is the time for UE power ramping down.

According to the TS36.211, TS36.101 and TS36.104, the relative parameters are shown in Table.1.
Table 1: relative parameters for the bound calculation
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3. Synchronization accuracy requirement for TDD HeNB
For HeNB application scenarios, the cell coverage is limited from tens to several hundreds meters (maybe up to 300m), which depends on the transmitting power and the channel model. As the GP is far larger than other parameters, the synchronization error bound for HeNB actually depends on the inequation (3) and (4). Substituted the parameters into the inequations (3) and (4), we can get
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If the transmitter parameter 
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 differs from the corresponding eNB parameter, the inequation (5) will be modified. As the coverage is limited, the synchronization requirement for HeNB will become more accurate than that for eNB.

In fact, the above analysis is just the synchronization accuracy requirement between any two HeNBs. For the network listening scheme, the synchronization accuracy requirement between eNB and HeNB will be more accurate than that in inequation (5). As shown in Fig.3, the synchronization accuracy requirement between eNB and HeNB (synchronized to the eNB) is
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Where 
[image: image24.wmf],

errorGPS

T

 is the practice test result on synchronization error between any two eNBs. Although the synchronization requirement between any two eNBs is less than 3us, the practice test result is only 50~100ns because of the precise GPS timing reference.
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Fig.3: synchronization accuracy requirement for the network listen scheme
If there are several synchronization hops as shown in Fig.4, the synchronization error bound for each hop is
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Where N is the maximum synchronization hops from the eNB to the last HeNB.
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Fig.4: multi-hop network listen synchronization
With the increase of the synchronization hops, the synchronization error for each hop will become more and more accurate, and the synchronization update will also become more and more frequent.
4. Conclusion
In this contribution, we analyzed the synchronization requirements for TDD HeNB. Although the precise synchronization requirement depends on the HeNB coverage and some transmitter parameters, we believe that the synchronization error for HeNB will be less than that for eNB because of the limited coverage. For the network listening scheme [2], with the increase of the synchronization hops, the synchronization for each hop has to be more accurate, and the synchronization update has to be more frequent. In view of the overhead and complexity, we suggest that the number of synchronization hops should be limited.
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