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1. Introduction
Synchronization is an important and complicated issue for TDD Home eNodeB (HeNB) related studies. According to the analysis in [1], the inter-cell interferences of eNB (HeNB) to eNB (HeNB) and UE to UE are related to the cell synchronization. In order to overcome the above interferences, strict synchronization is required. For HeNB, the interference case of UE to UE at the uplink-to-downlink switch point shown in Fig.1 is the crucial factor to the synchronization requirement because of the limited coverage. If the HeNB coverage is tens meters, the synchronization error will be far smaller than 1us. It is difficult for HeNB to implement such strict requirement. In [2], we further analyzed the issue from a different point of view. The normal CP period is large enough to tolerate about 3.5us synchronization error in indoor scenarios because of the limited delay spread and propagation delay.
2. Discussion of HeNB synchronization
For HeNB, there may be several synchronization schemes such as GPS, IEEE1588v2 and NL-scheme (Network Listening scheme). As there is no air-interface overhead, GPS and IEEE1588v2 are preferred. However, it is difficult to get the GPS timing signal in indoor scenarios, and the IEEE1588v2 solution to HeNB is FFS. Therefore, the NL-scheme seems to be the possible selection by now. As there are multiple possible synchronization schemes in the future, it is reasonable for synchronization requirement to be independent of any possible synchronization scheme. Furthermore, the synchronization requirement must consider the multiple synchronization schemes working together in a network.

Both GPS and IEEE1588v2 schemes are absolute synchronization, and the frame starting time between HeNB and eNB is aligned. For NL-scheme, there are two synchronization schemes. One is the open loop synchronization (OL-sync), the other is the close loop synchronization (CL-sync). For OL-sync, the propagation delay between HeNB and eNB is not compensated. But for CL-sync, the propagation compensation is performed. Therefore, except OL-sync, all other synchronization schemes are absolute synchronization. Here, the absolute synchronization means the radio frame starting point is aligned between eNB and HeNBs.
In [4], Qualcomm shows that the downlink TDOA (Timing Difference of Arrival) at M-UE will be larger than normal CP if the adjacent macro and femto cells differ very much, which may degrade the downlink performance of the M-UE at cell edge. Note that TDOA at cell edge also exist in macro cells, and if it is large enough to cause interference, the extend CP is useful to overcome or mitigate the performance degradation.

OL-sync [3] can reduce the DL TDOA (Timing Difference of Arrival) at M-UE, and thus it can improve the M-UE DL performance. However, the OL-sync will increase the UL TDOA at HeNB and interference risk of H-UE UL transmitting to M-UE DL receiving. For OL-sync, the UL TDOA at HeNB is about twice propagation delay between eNB and HeNB, which may degrade the UL performance of HeNB. As shown in Fig.1, in order to overcome the UL TDOA at HeNB, the HeNB also need a timing advance to align its subframe with the M-UE subframe. Therefore, OL-sync also requires the measurement of the propagation delay between HeNB and eNB, which is same to CL-sync. In addition, the timing advance of HeNB for OL-sync may need to be standardized. In order to overcome the interference of H-UE UL transmitting to M-UE DL receiving, it is also necessary to provide a large enough timing advance for H-UE [3]. Note that the timing advance is not relative to the real propagation delay between H-UE and HeNB, but far larger than that just as shown Fig.1.
3. Conclusion
In order to overcome the interference of HeNB to adjacent HeNB (eNB) and UE to adjacent UE, the synchronization accuracy is rather strict especially for the synchronization between HeNBs because of the very limited coverage. Such strict requirement will increase implementation difficulty and synchronization overhead. Fortunately, the minimum cyclic prefix of HeNB is long enough to overcome about 3.5us synchronization error for indoor scenarios. In order to get a tradeoff between both performance and cost, 3us is a reasonable synchronization requirement. For HeNB, there are multiple possible synchronization schemes such as GPS, IEEE1588v2 and NL-scheme (either CL-sync or OL-sync). The synchronization requirement should not exclude any possible schemes. Furthermore, the scenario that multiple synchronization schemes work together in a network must also be considered carefully. According to the above analysis, we propose
(1) The synchronization requirement should consider all possible synchronization schemes such as GPS, IEEE1588v2 and NL-scheme (using either closed loop or open loop synchronization) working together scenarios,
(2) The synchronization error between HeNBs that can disturb each other must not be larger than 3us,

(3) Except the open loop NL-scheme, the synchronization error between HeNB and eNB must also not be larger than 3us,
(4) When open loop synchronization is used, the HeNB shall set its transmitting time to within 3us of the time at which it receives the signal from the macro eNB.
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Fig.1. The synchronization analysis at the uplink-to-downlink switch point [3].
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