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1
Introduction
LTE TDD Home eNodeB (HeNB) RF requirement work item is approved by RAN#46 meeting to be extended to March of 2010 for some tasks are not be completed [1], one of them is synchronization solutions for TDD HeNB, which needs further discussion and investigation in RAN4. 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 scenario is needed as a common view. 
Synchronization requirements for TDD HeNBs have been analyzed in previous RAN4 meetings [3][4][5] and it was determined that over-the-air synchronization using network listening is an essential synchronization technique for HeNB[6]. In this technique, a HeNB monitors the downlink waveform of another eNB or HeNB periodically and adjusts its own transmit time and/or frequency reference according to the received waveform. 
2
Text Proposal
Considering the effectiveness of network listening for achieving network wide synchronization we propose that the following text be captured in Section 6.5 of TR 36.922[2] to describe the possible sync schemes for Rel9 HeNB[6]-[13]:
--- Start Text Proposal ---
6.5   Synchronization Requirement
6.5.X Techniques for Synchronization
Three synchronization techniques have been identified for HeNB synchronization. 

GPS. If a HeNB contains a GPS receiver and can acquire the GPS synchronization signals, then GPS provides the most accurate synchronization accuracy (on the order of 100ns). However, GPS receivers do not always work in some important scenarios (e.g. indoors.)

IEEE 1588 v2. Under good backhaul conditions (e.g. operator controlled fiber / ethernet), IEEE 1588 v2 can provide sub-microsecond level accuracy. However, such good backhaul conditions may not always be possible. In particular backhauls over cable and DSL modems have significant jitter and delay variations. Note that the upstream packet delay δ1 is often not equal to the downstream delay δ2 creating an error of (δ1 – δ2)/2. This resulting error may be up to many milliseconds, rendering IEEE 1588v2 restricted for the application of TD-LTE synchronization.  

Network Listening. Network listening can be used in scenarios where GPS and IEEE 1588 v2 do not work. For this reason, network listening is an essential synchronization scheme for TD-LTE HeNBs in those scenarios. 
6.5.X.1 Synchronization using Network Listening
The technique in which a HeNB derives its timing from a synchronized eNB or HeNB (which in turn may be GNSS-synchronized) is referred to here as “synchronization using network listening.” A HeNB that uses network listening (say HeNB1) may utilize a synchronization or reference signal from another eNB (say sync eNB) to derive its timing as in Fig. 6.5.X.1-1(a). Such single hop synchronization for HeNB is the most common case under good macro coverage based on analysis in [10], [13]. But when a HeNB can not acquire synchronization from a primary synchronization source (an eNB or HeNB with GNSS synchronization) then multiple hops could be supported. This concept is illustrated in Fig. 6.5.X.1-1(b) where HeNB2 acquires synchronization from HeNB1 which in turn acquires synchronization from eNB.   
In the case of multihop synchronization, the concept of synchronization stratum can be introduced. The synchronization stratum of a particular HeNB is defined as the smallest number of hops between the HeNB and the GPS source. It should be noted that the synchronization stratum of a particular HeNB is one greater than its donor (H)eNB, i.e., the (H)eNB that it is tracking. In the figure below, sync eNB has stratum 0, HeNB1 has stratum 1 and HeNB2 has stratum 2.
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Fig. 6.5.X.1-1 Synchronization using Network listening
The HeNB may periodically track one or more signals from the donor cell (e.g. Primary and Secondary Synchronization Signals, Common Reference Signal, Positioning Reference Signal) to maintain its synchronization. Of course, tracking the PSS and SSS could come at the cost of some backward compatibility since a HeNB would need to shut down its PSS/SSS transmission to monitor the PSS/SSS of the donor (H)eNB. Two fully backward compatible schemes for tracking the Common Reference Signal (CRS) have been proposed, one that uses MBSFN subframes [10] and one that uses the guard period between DL and UL transmission [11]. A description of these schemes is given in the section 6.5.X.1.2 and 6.5.X.1.3. 
6.5.X.1.1 Interference Problems with Network Listening and Solutions
When a HeNB obtains synchronization through network listening, it has to stop transmitting and monitor the signals of its donor (H)eNB, this process is susceptible to interference. In particular, cells that are in the vicinity of others using network listening may not be able to receive the synchronization signals from a farther off cell due to strong interference from these cells. This is shown in Fig. 6.5.X.1.1-1. Performance results showing the extent of this problem are given in [10].
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Fig. 6.5.X.1.1-1 Interference problem in network listening
One solution is to use appropriate DL Power Control to mitigate the interference from neighbour nodes when synchronization tracking. The interference from neighbour cell will be controlled in an acceptable level, which could ensure the network listening. 
An alternate solution is to coordinate the tracking time between cells. Fig. 6.5.X.1.1-2 shows an example in which the tracking times are coordinated among different nodes. Here HeNB1 tracks sync eNB without interference from HeNB2. Additionally, HeNB2 tracks the synchronization signals from HeNB1. The results in [10] show that virtually all HeNBs can obtain synchronization via coordinated silence. 
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Fig. 6.5.X.1.1-2 Interference problem mitigation using Coordinated Silence 

Note that synchronization maintenance can be done at very low periodicity as the clock drifts are 250ppb or less. In order to achieve satisfactory performance, the nodes must co-ordinate their silence periods, and utilize these opportunities to achieve and maintain synchronization. Coordinated information should be conveyed to the cells for synchronization tracking meanwhile these cells should have an initial common reference time, e.g. aligned SFN (system frame number), to ensure the execution.  This initial reference time including SFN could be obtained at HeNB bootup by observing the time of the nearest cell, which may or may not be the same cell that the HeNB chooses to track later on. . 
6.5.X.1.2 MBSFN Subframe based Network Listening
The scheme proposed in [10] uses MBSFN subframes for tracking synchronization. An HeNB stops transmitting for a subframe to track synchronization. To minimize the impact on UEs, the HeNBs declare this subframe to be an MBSFN subframe. This method allows for multiple hops in the synchronization path. Also, all the nodes can track in a coordinated fashion (all declaring MBSFN subframes at the same time), thus minimizing interference. 
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Fig. 6.5.X.1.2-1 Tracking using MBSFN Subframes
Furthermore, it ensures that the entire network uses the same synchronization source (e.g. GNSS) and that loops are not created. This is because each HeNB declares its stratum as one greater than that of its donor (H)eNB. It should be noted that the stratum number of a HeNB is self-configured, and that the HeNB tries to track the lowest available stratum node. This in turn allows the HeNB to be as close to GNSS time as possible.  Furthermore, the stratum number is a dynamic quantity that could vary with changing RF conditions (if HeNB1 in the above example is turned off, then HeNB2 could obtain synchronization via a different route, say eNB0 ( HeNB3 ( HeNB4 ( HeNB2, in which case it would have a stratum number of 3.) A HeNB should preferably synchronize to the lowest possible stratum [12]. A flow chart to demonstrate deriving the stratum and using MBSFN subframes for tracking is given in the subsequent figure.
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Fig. 6.5.X.1.2-2 HeNB Procedure for Synchronization using MBSFN Subframes

The overhead incurred by this scheme depends on the number of hops and would be equal to the number of hops times one subframe in every 320 subframes. (320ms corresponds to the highest configurable periodicity of MBSFN subframes).  For a stratum-1 HeNB, the overhead is a little under 0.3%. It should also be noted that the MBSFN subframe based method can be used for FDD as well for deriving frequency synchronization (and potentially time synchronization if required in future releases).  
6.5.X.1.3 TDD Special Subframe based Network Listening
To avoid asynchronous interference, another simple method is introduced for TDD system to achieve HeNB synchronizing to macro layer eNB, which there is no need HeNB install satellite receiver. In this solution, Home eNB 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, and CRS tracing can be done every radio frame to generate a statistic tuning value, which ensure more robust synchronization. Meanwhile considered HeNB is mainly used for providing high data rate service, the DL resource is relative not stringent to provide such overhead for robust synchronization.
With this solution HeNB can only read CRS for synchronization, however this should be enough. When HeNB is power on, HeNB may 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 CRS periodically to maintain the synchronization with macro layer is enough for HeNB. 
There are two CP lengths defined in TS 36.211, so the analysis is provided separately for the two cases.
1. Normal CP case

CRS on antenna port 0 and antenna port 1 are located in 1st and 5th OFDM symbol of each slot. 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 Table 6.5.X.1.3-1). 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 CRS from the 5th OFDM symbol. Also by configuring both macro eNB (config4) and HeNB (config2) with more symbols in DwPTS, the user data transmission is improved, such as HeNB can start to receive CRS from the 12th symbol of the special subframe.
Example of Macro eNB and HeNB configuration refer to Figure 6.5.X.1.3-1.Considering HeNB DL-> UL switching time, HeNB can receive macro eNB CRS in 5th OFDM symbol successfully.
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Figure 6.5.X.1.3-1: Normal CP case, Macro eNB and HeNB DwPTS/GP/UpPTS configuration

Table 6.5.X.1.3-1: 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

CRS on antenna port 0 and antenna port1 are located in 1st and 4th OFDM symbol of each slot. 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 CRS from the 7th OFDM symbol. Also by configuring both macro eNB (config3) and HeNB (config1) with more symbols in DwPTS, the user data transmission is approved, such as HeNB can start to receive CRS 10th symbol of the special subframe.
Example of Macro eNB and HeNB configuration refer to Figure 6.5.X.1.3-2. Considering HeNB DL-> UL switching time, HeNB can receive macro eNB CRS in 7th OFDM symbol successfully.
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Figure 6.5.X.1.3-2: 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. 
The feasibility of this scheme is relative to the macro cell configuration. If macro layer eNBs are configured with max GP, there is no way that a HeNB could use macro common reference signals for synchronization tracking.
For the scenario that HeNB are not able to synchronize directly to an eNB that is GNSS-synchronized, utilizing the special subframe configuration pairs, this solution also can fulfill 2 hops synchronization in some configurations. Take extended CP case for 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.
6.5.X.1.4 Scheme Comparison
A brief comparison of the proposed schemes is shown in Table 6.5.X.1.4.


Table 6.5.X.1.4: Comparisons for different network listening schemes
	Network Listening schemes
	Scheme 1
	Scheme 2

	Principle of the scheme
	· Use MBSFN subframes for tracking CRS of donor (H)eNB
	· Use DwPTS for tracking CRS of donor (H)eNB

	Performance

(e.g. synchronization accuracy, speed, etc)
	Meets requirements
Provides flexible overhead-tracking periodicity tradeoff
	Meets requirements
CRS tracing can be done every Radio Frame, which ensure robust synchronization

	HeNB Overhead

(e.g. OFDM symbols per [320ms])
	0.3% for stratum-1 nodes when using the lowest periodicity of only 1 MBSFN for tracking per 320ms
	Maximum 12.86% with 2 switch point per RF

Minimum 1.43% with 1 switch point per RF

	Number of multi-hops supported
	4

	1, up to 2 with some cases of special SF configuration (e.g. Normal CP SSF Conf.4( Conf. 2 (Conf. 5)

	Compatibility and impacts on current network
	Fully backward compatible
	Fully backward compatible

	Impacts on specifications
	FFS 
	FFS

	Others
	Could be used by a HeNB capable of either FDD or TDD mode
	Could be used by a HeNB capable of TDD mode 


--- End Text Proposal ---
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