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1. Introduction
LTE TDD Home eNodeB (HeNB) RF requirement work item which set up in RAN#43 plenary meeting has hot discussion on TDD HeNB synchronization method. For TDD networks, accurate switching point synchronization between neighboring eNBs is crucial for the network to remain operational. And non-GNSS based synchronous solution for low cost HeNB in indoor senario is needed as a common view.
To avoid asynchronous interference, a simple method to achieve HeNB synchronizing to macro layer eNB [7] was introduced in previous meeting, with which there is no need for HeNB to mount satellite receiver. With simulation on CRS monitoring performance which showned in following section, we assume that the solution is feasible. We propose to capture this solution in Section 6.5 of TR ab.cde [8].

This document is structured as follow: The section 2 gives previous contribution [7] update, and shows the advantages of mornitoring CRS in special Subframe of HeNB. section 3 refers to the relevant simulation and perfromance. Section 4 is the text proposal. 

2. TDD special subframe based synchronization solution
For new booted HeNB, it will select synchronization resource and hear PSS, SSS and other needed system information, then accordingly synchronized with the selected Macro eNB’s for frequency, phase, 5ms half Radio Frame, and Radio Frame synchronization.
On operating mode, HeNB need to maintain its synchronization (synchronization holdover) with Macro eNB to resist accumulated phase error from oscillators drift, and [7] introduced a simple solution without impact to normal operating. 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. 
The prominent advantage is with pre-configured different special subframe configuration of HeNB against Macro cell, HeNB will easily execute synchronization holdover process, and it is only a deployment issue, without any effort of X2/backhaul coordination for maintaining synchronization gap.
A notable point is that this solution is fully backward compatible and no any changes required for Macro eNB.
Based on previous synchronization contribution [7], we will extent a little bit introducing the multi-hop solution with special subframe configuration pairs. And this extension is also fully backward compatible without additional signaling effort.
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Figure1 Normal CP Special subframe configuration and Macro eNB and HeNB configuration pairs for synchronization
Figure1 shows the special subframe configuration in normal CP scenario. Take an example, if macro eNB is set with the configuration 4, there are 12 DwPTS symbols in configuration 4, including the 4th column CRS. So the HeNB in synchronization level 1 can be set with configuration 2 or 1 to listen the 4th column CRS of macro eNB, and synchronization level 2 HeNB (with configuration 0 or 5) have the chance to listen to the second and third column CRS to get the timing. Utilizing the special subframe configuration pairs, this solution can fulfill 2 hops synchronization.
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Figure2 Extended CP Special subframe configuration and Macro eNB and HeNB configuration for synchronization
Similar with Normal CP, that 2 hops is able be achieved with certain configuration pairs. Take an example, macro cell can be set with configuration 3, the first hop HeNB is set with configuration 1 or 5 and the second hop HeNB is set with configuration 0 or 4. Two hops synchronization is achieved.  
3. Simulation and Analysis
A link level simulation was performed to analyze the CRS monitoring based synchronization holdover feasibility and performance. Section 3.1 describes the simulation setup and Section 3.2 describes the simulated scenarios and the corresponding simulation results.
In the first stage, the simulation only assumes one eNB, i.e. only one synchronization source. and HeNBs configured same special Subframe configuration with less OFDM symbols in DwPTS comparing macro cell, then that at least provide one CRS symbol (in DwPTS of Macro cell while in GP of HeNB) for HeNB monitoring. And there is no asynchronous interference between HeNBs. Also no any impact to Macro cell.
3.1 Simulation Setup

Table 3.1-1: Simulation Parameters used for Macro eNB and HeNB
	Parameter
	Assumption

	Channel Model
	TU(3GPP)

	SNR for CRS received on HeNB
	[-14,0] step 1dB

	Bandwidth
	1.4MHz and 10MHz

	Antenna port
	Antenna port 0  


	eNB CRS
	Based on 3GPP TS36.211

	CP length
	Normal CP

	eNB PDSCH
	QPSK

	CRS power boosting
	No


3.2 Simulation Results
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Figure 3: 1.4MHz bandwidth CRS detection error & Num of CRS detection for sync
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Figure 4: 10MHz bandwidth CRS detection error & Num of CRS detection for sync
In simulation, we adopt the CRS correlation based detection to find synchronization error in each time tracing and adjust according some rule in an adjustment period. As for CRS correlation, if maximum peak over threshold was found located in assumed decision place, it is counted as a valid detection, else counted as failed. And in Figure (a), we are observing the detection error rate over several typical CRS receiving SNR condition. And in Figure (b), we would like to see in each receiving SNR, how many times detection should be needed to make the CRS detection error < 5%. 
For 10MHz bandwidth case, as shown in Figure4 (a) when SNR=-6dB, CRS detection error is 12.2%. So 2 times detection is necessary to meet the CRS detection error < 5%, which is shown in Figure4 (b), and in HeNB tracking synchronization process, we need more CRS detections then get statistics values in short time to fulfil the detection error requirement. If CRS of other cell exists, CRS detection error may increase, and then Num of CRS detection may also increase correspondingly. Afrontmentioned [7] special subframe based synchronization method provide sufficient CRS monitor chance for the HeNB, to enable HeNB keep synchronize with the synchronization source.

Comparing 1.4MHz (refers to Figure 3) with 10MHz bandwidth, there are 12 CRS RE in 1.4MHz bandwidth and 100 CRS RE in 10MHz bandwidth, then the CRS detection performance will be degraded by analysis. From simulation results, when SNR=-4dB, for 1.4MHz bandwidth CRS detection error smaller than 5%, 2 times detection is needed. The same detection times are needed for 10MHz bandwidth. When SNR<-4dB, CRS tracking performance for 1.4MHz BW is little worse than 10MHz bandwidth, and more detections are needed, but the different is not too large. And if there are enough CRS tracking opportunity, the error per CRS detection can be easily compensated by more times detection.
Overall, these simulation results shows that special subframe based CRS monitoring is stable and feasibly for synchronization tracing. 
4. Text proposal

Considering the benefit and easy deployment of special subframe based CRS hearing scheme for achieving network synchronization for TDD HeNB, we propose that the following text be captured in Section 6.5 of TR ab.cde[3]:
--- Start Text Proposal ---
6.5   Synchronization Requirement
6.5.X Techniques for Synchronization

6.5. X.Y TDD special subframe based synchronization solution
To avoid asynchronous interference, a simple method is introduced here 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 cases as defined in [4].
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 defined 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 its 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 both macro eNB (config4) and HeNB (config2) can be configured 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.
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Figure 1: Normal CP case, Macro eNB and HeNB DwPTS/GP/UpPTS configuration
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Figure2 Normal CP Special subframe configuration and Macro eNB and HeNB configuration for synchronization
Figure1 shows the special subframe configuration in normal CP scenario. Take an example, if macro eNB is set with the configuration 4, there are 12 DwPTS symbols in configuration 4, including the 4th column CRS. So the HeNB in synchronization level 1 can be set with configuration 2 or 1 to listen the 4th column CRS of macro eNB, and synchronization level 2 HeNB (with configuration 0 or 5) have the chance to listen to the second and third column CRS to get the timing. Utilizing the special subframe configuration pairs, this solution can fulfill 2 hops synchronization.
For Two UpPTS symbols case, there are no configuration making eNB with the 4th column CRS, so only one hop synchronization can be achieved. i.e macro eNB set configuration 8,7,6 and HeNB with configuration 0 or 5.
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 both macro eNB (config3) and HeNB (config1) can be configured 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 3: 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.
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Figure4 Extended CP Special subframe configuration and Macro eNB and HeNB configuration for synchronization
Similar with Normal CP, that 2 hops is able be achieved with certain configuration pairs. Take an example, macro cell can be set with configuration 3, the first hop HeNB is set with configuration 1 or 5 and the second hop HeNB is set with configuration 0 or 4. Two hops synchronization is achieved.

6.5.X.Y.1 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 is the 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 (noted as “near deployment” case), that should be able to meet the synchronization accuracy, if omit any jatter/SyncError from CRS tracing scheme. And focus should be on the cases that HeNB is deployed farther than 900M to Macro site ( noted as “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, it can be identified 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.  
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Figure 5: 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, propagation delay does not affect much to asynchronism interference, while sync error is the essential factor which impact system profromance. 
6.5.X.Y.2 Simulation and Analysis
A link level simulation was performed to analyze the CRS monitoring based synchronization holdover feasibility and performance. Section 3.1 describes the simulation setup and Section 3.2 describes the simulated scenarios and the corresponding simulation results.
In the first stage, the simulation only assumes one eNB, i.e. only one synchronization source. and HeNBs configured same special Subframe configuration with less OFDM symbols in DwPTS comparing macro cell, then that at least provide one CRS symbol (in DwPTS of Macro cell while in GP of HeNB) for HeNB monitoring. And there is no asynchronous interference between HeNBs. Also no any impact to Macro cell.
6.5.X.Y.2.1 Simulation Setup

Table 3.1-1: Simulation Parameters used for Macro eNB and HeNB
	Parameter
	Assumption

	Channel Model
	TU(3GPP)

	SNR for CRS received on HeNB
	[-14,0] step 1dB

	Bandwidth
	1.4MHz and 10MHz

	Antenna port
	Antenna port 0  



	eNB CRS
	Based on 3GPP TS36.211

	CP length
	Normal CP

	eNB PDSCH
	QPSK

	CRS power boosting
	No


6.5.x.y.2.2Simulation Results
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Figure 6: 1.4MHz bandwidth CRS detection error & Num of CRS detection for sync

[image: image14.emf]-14 -12 -10 -8 -6 -4 -2 0

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

SNR(dB)

Detection Error Rate

 [image: image15.emf]-14 -12 -10 -8 -6 -4 -2 0

0

2

4

6

8

10

12

14

16

SNR(dB)

Num of CRS Symbol for Synchronization
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Figure 7: 10MHz bandwidth CRS detection error & Num of CRS detection for sync
In simulation, the CRS correlation based detection is used to find synchronization error in each time tracing and adjust according some rule in an adjustment period. As for CRS correlation, if maximum peak over threshold was found located in assumed decision place, it is counted as a valid detection, else counted as failed. And in Figure (a), shows the detection error rate over several typical CRS receiving SNR condition. And in Figure (b) shows in each receiving SNR, how many times detection should be needed to make the CRS detection error < 5%. 

For 10MHz bandwidth case, in Figure 7 (a) when SNR=-6dB, CRS detection error is 12.2%. So 2 times detection is necessary to meet the CRS detection error < 5%, which is shown in Figure 7 (b), and in HeNB tracking synchronization process, more CRS detections is needed to get statistics values in short time to fulfil the detection error requirement. If CRS of other cell exists, CRS detection error may increase, and then Num of CRS detection may also increase correspondingly. Afrontmentioned [7] special subframe based synchronization method provide sufficient CRS monitor chance for the HeNB, to enable HeNB keep synchronize with the synchronization source.

Comparing 1.4MHz (refers to Figure 6) with 10MHz bandwidth, there are 12 CRS RE in 1.4MHz bandwidth and 100 CRS RE in 10MHz bandwidth, then the CRS detection performance will be degraded by analysis. From simulation results, when SNR=-4dB, for 1.4MHz bandwidth CRS detection error smaller than 5%, 2 times detection is needed. The same detection times are needed for 10MHz bandwidth. When SNR<-4dB, CRS tracking performance for 1.4MHz BW is little worse than 10MHz bandwidth, and more detections are needed, but the different is not too large. And if there are enough CRS tracking opportunity, the error per CRS detection can be easily compensated by more times detection.
--- End Text Proposal ---
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