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Discussion
1. Introduction
For TDD networks, accurate switching point synchronization between neighboring eNBs is crucial for the network to remain operational. By GPS or other equivalent GNSS systems, the synchronization is easy to achieve. In case GNSS based solution is not available, e.g. the GPS signal may be weak indoor, and it is costly to improve the GPS signal quality, so non-GNSS based synchronous solution is needed. There have already been some discussion in both RAN1 and RAN4 on how to realise non-GNSS based synchronization, see for example [1], and [2].
As pointed out in [3] the deployment of HeNB depends on customer behaviour. That will cause interference management and network planning become more complex to coordinate the operations between macro eNB and HeNBs. And hence the interference because of asynchronous TDD system will be even a more severe problem. Here a simplified scheme will be introduced to enable synchronization of TDD Macro layer eNB and HeNB in order to avoid sync-relevant interference between each other. Specifically the Rel 8 Macro layer eNB do not need any modification then ensure the backward compatibility. 

The following section 2 will analysis the scenarios and solutions, section 3 is an introduction for the scheme with example given, moreover a further consideration on synchronization accuracy is discussed in section 4, and in the end, summary and conclusion in section 5. 
2. Scenarios for synchronization solution
Synchronization is needed for TDD systems to avoid severe UL/DL type of interference. We classify the different synchronization scenarios according to the severity of this interference:

· Type 1: Synchronization between operating nodes in same band. Loss of synchronization in this case could make the network fail completely.
· Type 2: Synchronization between nodes operating in adjacent band. Loss of synchronization in this case could reduce severely the performance but network might still be able to operate
· Type 3: Synchronization between nodes in independent bands. No interference coupling between such two nodes so synchronization is not really needed.

In this paper we will mainly discuss type 1 and type 2 synchronization as we assume that HeNBs are operating in same or adjacent band as a macro overlay. Moreover we assume that this macro overlay is synchronized with GNSS.

There are several synchronization methods for HeNB synchronize to macro layer cell, just like below:

· Network provided synchronization signal (IEEE 1588): can provide limited accuracy; stability is an issue for high network load, backbone network maybe is provided by third party;

· Satellite based synchronization: can provide high accuracy; drawback is that satellite receiver is expensive and satellite signal is week for indoor scenario.

· UE assistant method: based on UE measurement or timing singalling; new UE measurement and reporting is needed. Impact on UE cost and power consumption; Backward compatibility issue for Rel8 UE.
· Inter eNodeB synchronization: maybe will impact on radio interface, backward compatibility issue.

Satellite based synchronization solution is prevailed in current network, but this is limited by the network deployment scenario, and availability of satellite signal. Core network assisted solution is interesting and recent development in the IEEE 1588 standard have made this a real alternative to GNSS based solution, see also [4] for more details. However for network based synchronization solution to reach the accuracy needed for LTE the routers in the core network needs to participate in the timing network. Especially for HeNB it is unlikely that it will be possible to have full control over the network used to connect the node to the operators core network. Moreover core network reliability could also be an issue, so inter eNB over the air based solution starts to look as an attractive solution. 

The main problem with over the air synchronization is that as eNB has to broadcast continuously sync, reference signals, and broadcast channel so there is no obvious way for a eNB to switch to receive mode while other nodes are transmitting signals that could be used for deriving the network timing. In this case the LTE TDD special subframe comes in handy as this can be used to stop HeNB transmission while macro layer is still transmitting. In other words we can use a special subframe configuration with longer GP for HeNB to make space for reading reference signals from macro layer cell.
3. TDD special subframe based synchronization solution
To avoid asynchronous interference, we introduce a simple method to achieve HeNB synchronizing to macro layer eNB, which there is no need HeNB install satellite receiver. In this solution, Home eNBe and macro layer eNBs utilize different special subframe configuration, macro layer configure with more OFDM symbols in DwPTS, and Home eNB with less OFDM symbols in DwPTS, so Home eNB can utilize the GP to track macro layer eNB common reference signal (CRS) in DwPTS without additionally impact on its normal transmission.
With this solution HeNB can only read CRS for synchronization, however this should be enough. When HeNB is power on, HeNB need to follow the UE cell search process and get the accurate synchronization from the macro eNB while is assumed as accurate synchronization resource with satellite receiver. And then symbol timing, radio frame timing and eNB cell ID can be get by HeNB, which enable the HeNB conduct the aforementioned CRS based synchronization tracking procedure, which is mainly a process to track the synchronization on a finer time scale.
When HeNB is operating, its location is stable, so there is no need to always repeat the cell search process to get the timing. Only tracking the common RS periodically to maintain the synchronization with macro layer is enough for HeNB. 
There are two CP lengths defined in [4], so we separate two cases to analyse this solution.
1. Normal CP case

Common RS on antenna port 0 and antenna port 1 are located in 1st and 5th OFDM symbol of each slot deinfed in [5]; Macro layer eNB can be configured unifiedly with more DwPTS symbols (i.e. config1, 2, 3, 4, 6, 7, 8, detailed configurations are shown in table1). HeNB use other different configuration to pair with macro layer configuration, such as config 0 or 5, in these configurations, HeNB only transmit 3 OFDM symbols. When HeNB track the timing, after it’s DwPTS transmission finish, HeNB transit to receiver state, normally the HeNB eNB DL->UL switching time is less than 15us, one symbol is enough for the switching, HeNB will receive the common RS from the 5th OFDM symbol. Also we can configure both macro eNB (config4) and HeNB (config2) with more symbols in DwPTS to improving the user data transmission, such as HeNB can start to receive CRS 12th symbol of the special subframe.
Example of Macro eNB and HeNB configuration refer to figure 1.Considering HeNB DL-> UL switching time, HeNB can receive macro eNB common RS in 5th OFDM symbol successfully.


[image: image1]
Figure 1: Normal CP case, Macro eNB and HeNB DwPTS/GP/UpPTS configuration
Table 1: DwPT/GP/UpPTS configuration
	Config
	Normal CP
	Extended CP

	
	DwPTS
	GP
	UpPTS
	DwPTS
	GP
	UpPTS

	0
	3
	10
	1
	3
	8
	1

	1
	9
	4
	1
	8
	3
	1

	2
	10
	3
	1
	9
	2
	1

	3
	11
	2
	1
	10
	1
	1

	4
	12
	1
	1
	3
	7
	2

	5
	3
	9
	2
	8
	2
	2

	6
	9
	3
	2
	9
	1
	2

	7
	10
	2
	2
	
	
	

	8
	11
	1
	2
	
	
	


2. Extended CP case

Common RS on antenna port 0 and antenna port1 are located in 1st and 4th OFDM symbol of each slot [1]; Macro layer eNB can configure with more DwPTS symbols (i.e. config1, 2, 3, 5, 6). HeNB use different configuration, such as config 0 or 4, in these configurations, HeNB only transmit 3 OFDM symbols. When HeNB track the timing, after it’s DwPTS transmission finish, HeNB transit to receiver state, normally the HeNB eNB DL->UL switching time is less than 15us, one symbol is for the switching, HeNB will receive the common RS from the 7th OFDM symbol. Also we can configure both macro eNB (config3) and HeNB (config1) with more symbols in DwPTS to improving the user data transmission, such as HeNB can start to receive CRS 10th symbol of the special subframe.
Example of Macro eNB and HeNB configuration refer to figure 1. Considering HeNB DL-> UL switching time, HeNB can receive macro eNB common RS in 7th OFDM symbol successfully.
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Figure 2: Extend CP case, Macro eNB and HeNB DwPTS/GP/UpPTS configuration
This solution based on macro cell layer and HeNB layer deployed different DwPTS/GP/UpPTS configurations. As for HeNB configuration, that can be fixed by operator before distribution. There is no impact on the air interface specifications. For two layers cell, only special subframe configuration is different, there is no interference issue between macro layer eNB and HeNB or related connected UE-UE. Also there is no backward compatibility issue for Rel8 eNB and UE, only requirement is to home eNB which need fulfill the cell search and track macro layer CRS function. Tracking period can be set by the HeNB, for the oscillator frequency stability is affected by the ambient temperature. 
In the special case that macro layer eNBs are configured with max GP there is no way that a HeNB could use macro common reference signals for synchronization tracking. However as HeNB is usually deployed in urban areas where basic indoor coverage is provided from macro cells such scenarios would never require very long GP, that would be waste of spectral efficiency. On the other hand for HeNB there are only few users so spectral efficiency might not be major concern allowing us to waste a few symbols for acquiring synchronization.
4. Synchronization accuracy and reliability
For LTE TDD system, cell phase synchronization accuracy is defined in [6], which accuracy requirement is smaller than 3(s for small cell (cell radius ( 3 km), or small than 10(s for large cell (cell radius >3 km). Considering the tracing CRS synchronization methods is generally a one direction synchronization methods without any feedback to avoid the timing differnece introduced form propogation, here we will have analysis a little bit more for the reliability.
Assuming the HeNB is keeping well “synchronization” with Macro BS via this CRS tracing. While since there are propogation delay from Macro BS to HeNB, the HeNB actual timing may be a little bit lag than Macro BS. Then this kind of “synchronization” may or may not be out of the scope of LTE TDD system accuracy requirements. Given 3(s is the propogation delay of a 900M site-to site distance, then in case of HeNB be deployed in the radius of 900M (here we call it “near deployment” case), that should be able to meet the synchronization accuracy, if omit any jatter/SyncError from CRS tracing scheme. And we will focus on the cases that HeNB is deployed farther than 900M to Macro site (here we call it “far deployment”), to see the interference because of asynchronism and its relevant impact.
As previous metioned, in the far deployment case, the HeNB actual timing is lag than Macro BS in some extent,. From the following figure, we can identify that around the special SF, there are no confilict. The only conflict relys always on when switching from UL subframe to DL subframe, that is because of timing lag, HeNB may still on UL recerving while Macro BS have already change to DL subframe.  

[image: image3]
Figure 3: potential interference scenario beteween Macro eNB and HeNB
That may lead to two kind of intereference: Macro BS to HeNB, or HeNB UE to Macro BS UE. 

Assuming propagation delay as Tprop, then from the tracking CRS, THeNB=TMacro+ Tprop_HeNB&Macro+SyncError. When HeNB is on UL receiving, the first signal of Macro BS beginning DL transmission will arrive HeNB at TMacro+ Tprop_HeNB&Macro. Then to minimize impact of the interference which may drop into the last symbol of this HeNB UL SF, SyncError should be restricted into several (s to ensure the last symbol of HeNB UL subframe be correctly decoded.. 3(s of the syncrounization accuracy defined in [6] may be a reference parameter for this SyncError.
Similarly, assuming the relevant UE of Macro BS is located near with the UE of HeNB, which also means that the Macro BS UE is quite near with the HeNB, giving HeNB have a small coverage, UE of Macro BS will receive DL subframe also after a propagation delay, which is almost equal to the propagation delay between HeNB and Macro BS. It is a similar case with the BS analysis. Then the HeNB UE to Macro BS UE interefernece should not be a big problem too. Moreover, HeNB can shift connected UEs time advance properly to avoid this interference. 
From above analysis, we can see propagation delay does not affect much to asynchronism interference, while sync error is the essential factor which impact system profromance. 
5. Summary and Conclusion
In this contribution, we describe a simple method for home eNodeB synchronization to macro layer eNB whether these two are operating in same or adjacent band. This solution has no impact on Rel8 eNB, only requiring home eNB fulfil the cell search and tracking the CRS function. We suggest RAN4 can further study HeNB synchronization issue based on inter eNB over the air synchronization method.
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