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1. Introduction
Synchronization is an important and complicated issue for Home-eNodeB (HeNB) related studies. According to the analysis in [1], synchronization requirement for HeNB should be stricter than that for macro eNB due to the smaller coverage. In this contribution, we further analyzed the issue from a different point of view and propose the synchronization requirement for TD-LTE HeNB.
2. Aspects related to synchronization
For TDD networks, the handover and interference are related to the cell synchronization [2]. For LTE UE handover, as the analysis in [2], this aspect is no longer relevant to E-UTRA cell synchronization accuracy requirement because of the fixed timing advance offset. Therefore, the interference is the only related aspect for E-UTRA synchronization.
For TDD LTE, the inter-cell interferences include the interference cases of eNB (HeNB) to eNB (HeNB), UE to UE, eNB (HeNB) to UE and UE to eNB (HeNB). Usually cell synchronization has nothing to do with the latter two kinds of interferences since they are the normal interference cases even for the synchronized systems. On the contrary, the former two kinds of interference are the major interference for TDD and usually difficult to deal with, whereas strict synchronization can absolutely eliminate this two kinds of interference. 
According to the above view, we analyzed the synchronization requirement in last RAN4 #51 meeting [1]. However, the analysis reveals that synchronization for HeNB should be more accurate than that for macro eNB because of the far smaller coverage. Consequently, the high accurate synchronization requirement will result in complicated implementation and large overhead.
3. Considerations for HeNB
For HeNB, if the synchronization is not so accurate, which will induce a little interference between the adjacent cells, what will happen? In fact, as there is a cyclic prefix before each uplink and downlink symbol, a little interference will not result in obvious degradation if the sum of synchronization error, propagation delay and delay spread is less than the cyclic prefix.
For LTE, there are two kinds of cyclic prefix (CP), i.e. the normal CP and extend CP, with their periods listed in Table.1.
Table.1: the CP period of LTE
	
	normal
	Extend

	CP period
	4.7/5.2us
	16.7us


The most important application of HeNB focuses on the indoor scenarios such as home and office and so on. Therefore, in the process of analysis, the ITU indoor channel models [3] are taken into account for reference. For LOS (light-of-sight) and NLOS (non light-of-sight) scenarios, the maximum delay spreads are listed in Table.2.
Table.2: the delay spread of indoor channel
	
	ITU InH LOS
	ITU InH NLOS

	Maximum delay spread
	0.13us
	0.225us


In addition, the propagation delay is limited up to 1us (300m coverage) because of the restricted transmission power and complex indoor scenarios. According to the above analysis, we can get
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4. Conclusion
In order to overcome the interference of HeNB (eNB) 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. For the network listening scheme, 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. Therefore, in order to get a tradeoff between both performance and cost, we propose to define 3us as the synchronization requirement for any two nodes (no matter one-hop or multi-hops) in TD-LTE HeNB networks, which is also compatible with the macro cell.
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6.5 Synchronization requirement
For TD-LTE HeNB, inaccurate synchronization will induce UL-DL interference and thus influence the system performance. As an important issue for HeNB related studies, synchronization requirement is further analyzed based on the restricted coverage for indoor scenarios and cyclic prefix of LTE systems. Although it is better for HeNB to increase the synchronization accuracy, it will also introduce implementation difficulty and tracking overhead, which may be impeditive for HeNB application.
In fact, as there is a cyclic prefix before each uplink and downlink symbol, a little interference caused by inaccurate synchronization will not result in obvious degradation as long as the sum of synchronization error, propagation delay and delay spread is less than the cyclic prefix.

For LTE, there are two kinds of cyclic prefix (CP), i.e. the normal CP and extend CP, with their periods listed in Table.6.5-1.

Table.6.5-1
the CP period of LTE
	
	normal
	Extend

	CP period
	4.7/5.2us
	16.7us


Since the most important application of HeNB focuses on the indoor scenarios such as home and office, ITU indoor channel models [3] are taken into account for reference, in which the maximum delay spreads of LOS (light-of-sight) and NLOS (non light-of-sight) scenarios are listed in Table.6.5-2.

Table.6.5-2
the delay spread of indoor channel
	
	ITU InH LOS
	ITU InH NLOS

	Maximum delay spread
	0.13us
	0.225us


In addition, the propagation delay is limited up to 1us (300m coverage) because of the restricted transmission power and complex indoor scenarios. Thus, there is
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In order to get a tradeoff between both performance and cost, the synchronization requirement should be 3us for any two nodes (no matter one-hop or multi-hops) in TD-LTE HeNB networks, which is also compatible with the macro cell.
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