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Discussion and decision
1. Introduction

Actually, synchronisation was already recognized as a major problem in creating the SI “1.28Mcps TDD Home Node B” due to TDD duplex mode. Hitherto there are three types of synchronisation approaches, i.e. GPS, 1588 and synchronisation via air interface. On top of timing accuracy in indoor deployment, additional accessories were required for the first two alternatives.
Actually in a closed geographical territory where no adequate signal strength can be detected, TDD Home Node B only needs to align its timing with neighbouring TDD Home Node B to mitigate notorious BS-BS interfering problem incurred by relative large timing misalignment. 
This paper analyses three types of synchronisation schemes, namely GPS, 1588 and air interface synchronisation and gives text proposal to TR 25.866 within RAN3 scope.

2. V1588 synchronization scheme
IEEE 1588, Precision Time Protocol, is a precise time synchronization protocol. It was published in 1992. Its shortened form is PTP. 1588V2 is an improved and optimized version relative to 1588. It was published formally in June 9th 2007. Commercial chip based on 1588V2 has already come out, and it will be rolled out in 2009.
IEEE 1588V2 calculates time shift and resident time introduced by intermediate network equipment through information transmitted between principal and subordinate equipments. It may decrease the effect of timing packet suffering by saving and transmitting, thereby can realize precise synchronization between principal and subordinate equipments.
Figure 1 describes the procedure calculating path delay and time shift of principal and subordinate equipments.
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Figure 1 The procedure about calculating path delay and time shift of principal and subordinate equipments
Subordinate equipment obtains 
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according to the procedure above and calculates path delay between principal and subordinate equipments using 
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a) Path delay: 
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b) Time shift：
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Subordinate equipment calculates time shift and corrects local time, and synchronizes to principal equipment.
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                           Figure 2 Principle of time correct
In real network, timing information between principal and subordinate equipments involves several nodes. So each node in network is required to maintain and correct path delay. Based on 1588V2 protocol, timing precision can be in ns, some synchronization network may realize phase difference within +/-1uS relative to datum reference source, which may make terrestrial synchronization network meet or exceed the synchronization requirement of TDD Home Node B network.
Vodafone persists in studying synchronization of transmission network based on 1588V2 and receives better effect.

The synchronization scheme Vodafone recommended is:
· During interim, it may adopt link recovery clock, synchronization Ethernet network and GPS strategy. The long term scheme is based on IEEE1588V2, and adopts synchronization Ethernet network and GPS strategy together. This scheme will deploy in 2009. 
3. GPS synchronization scheme
GPS is an alternative Home Node B synchronisation scheme for it has already been endorsed as an important local clock signal source for TD-SCDMA base stations. GPS receives signal from more than one satellite and deciphers a UTC time info. 

Actually, the accuracy tightly depends on the propagation quality between GPS receiver device and source satellites. The quality may be deteriorated when GPS receiver is located in a closed building or with a long cable between GPS antenna and receiver. Thereby on top of additional cost for GPS receiver, the timing accuracy may not be adequate for a Home Node B synchronisation for indoor coverage is a large percentage of its usage.
4. Air interface synchronization scheme
The principle of TDD Home Node B air interface synchronization is quite manifest. There is no need to induce external synchronization signal, TDD Home Node B could accomplish the synchronization procedure by self-measurement and self-configuration and achieve the following objective:

a) Reduce the interference of TDD Home Node B to TD-SCDMA Marco UE and TD-LTE Macro UE which located in TDD Home Node B coverage.
b) Reduce the interference among TDD Home Node Bs.
c) Reduce the hardware cost of TDD Home Node B device.

The interference of TDD Home Node B DL: TDD Home Node B DL and TDD Home Node B UL: TDD Home Node B UL is not considered in the proposal, and need to be investigated in RAN4. 

The focus of TDD Home Node B air interface synchronization is how to select the timing benchmark. Once the timing benchmark is selected, all TDD Home Node B in one location should automatically adjust their timing to this benchmark. One TDD Home Node B air interface synchronization scheme is given as following:

4.1. 
Home Node B initialization procedure
Home Node B may not be deployed at the best location in customer’s home and the locations of Home Node B in different room are seldom planed, the deployment scenario of Home Node B networks may be very complex. Meanwhile, the handover between Home Node B and Macro Node B must be supported by Home Node B, so Home Node B should synchronize with Marco Node B.  
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Figure 3 Macro Node B and Femto
Home Node B should detect Macro Node B’s DwPCH, and define its timing benchmark according to Macro Node B’s DwPCH. Considering the complex deployment scenario of Home Node B networks, we advise Macro Node BS and Home Node B be deployed on different frequency band.

If Home Node B can detect multi Macro Node Bs’ signal, it should select the best suitable macro cell from all candidate Macro Node Bs. 
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Figure 4 TD AP Timing according to Macro Node B’s DwPCH
Figure 4 gives three candidate TDD Home Node B air interface timing adjust methods:

· Reference 1: The frame boundary of Home Node B precedes anchored macro one with oneτadv, which is given by macro Node B via a uplink synchronisation procedure; 
· Reference 2: The frame boundary of Home Node B is exactly aligned with anchored macro one via uplink synchronisation procedure;
· Reference 3: Home Node B sets its frame boundary at the time point when it detects a downlink synchronisation peak, which in principle lagτadv behind anchored macro one.
If reference 1 or 2 is selected, Home Node B shall behave as a regular TD-SCDMA UE and perform a ‘fake’ random access in its synchronisation.

If Home Node B can not detect Macro Node Bs’ DwPCH, according to its SON characters, Home Node B should select one empty frequency that not occupied by its neighbour Home Node Bs. 
· When Home Node B is power on, it should search the best suitable Home Node B from Home Node B available frequency list, and get its timing advance.
· Apply any type of Home Node B timing reference as shown in figure 4.
If Home Node B can neither detect signal from Macro Node B nor from other Home Node B, the timing rule is not needed to specify.
Thus synchronisation related procedures after power on could be summarized as follows:
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Initialization procedure
· TDD Home Node B completes handshake with APM(AP manager);
· TDD Home Node B searches frequencies used by macro base station. Select the frequency on which the best suitable macro cell is detected, to start a ‘fake’ random access procedure to complete uplink synchronisation;
· TDD Home Node B completes DwPCH signal search based on frequency information configured by APM or stored in Home Node B device, and stores the received signal power results in descending order;
· TDD Home Node B selects the one which is identified as suffering best interfering as the working frequency among those available frequencies;
· Given that receiving power from base station was below predefined threshold, and in mean time Home Node B can detect best suitable Home Node B from Home Node B available frequency list, then it align its timing with the best suitable Home Node B; 
· Home Node B completes its initialization procedure.
Figure 5 TDD Home Node B initialization procedure 
· Time period to complete synchronisation at initialization:
·  Time to complete DwPCH signal search according to APM frequency list configuration: normally no more than 300ms for a 15MHz available frequency band;
·  Time to complete macro base station signal search: <=100ms;
·  Time to read system information on target cell, only MIB and SIB5 information is needed: 160~ 320ms;
·  Time to complete ‘fake’ uplink synchronisation: 10 ~ 50 ms;

·  Totally, the time period to complete synchronisation procedure at initialization is no longer than 1s.
4.2. Periodically timing corroboration in working session
Due to cost concern, those oscillators with loose timing accuracy and stability requirement were preferred. Therefore TDD Home Node B needs to periodically perform a synchronisation corroboration to amend low stability problem to enable working frequency and timing accuracy. 
On top of those detection rules elaborated above, there is also a scenario in which TDD Home Node B can detect adequately significant neither from macro base station nor from TDD Home Node B signal at initialization stage. And then TDD Home Node B can determine timing at its will which results a random timing offset with that of neighbouring macro base station.

Furthermore when neighbouring TDD Home Node B devices power on and align their timing to macro stations, a risky timing offset was created. Actually interfering incurred by this timing misalignment can be mitigated by separation using different frequencies if frequency is adequate for those later TDD Home Node B devices. And periodical timing corroboration thus helps alleviate potential severe cross-interfering between neighbouring TDD Home Node B devices because TDD Home Node B could automatically align its timing to strong neighbouring device. 
4.3. Synchronization of TDD Home Node B supporting multi-frequency cell
When TDD Home Node B supports multi-frequency operation, especially when Macro Node B is also in multi-frequency cell, the synchronization of TDD Home Node B primary frequency either to the best suitable macro cell or to the best suitable Home Node B from TDD Home Node B available frequency list is same as the single frequency condition, because P-CCPCH, DwPCH, FPACH and PRACH shall be transmitted only on the primary frequency and a multi-frequency cell has only one primary frequency. Once the primary frequency has synchronized, other secondary frequencies shall have the same timing benchmark according to primary frequency.
5. Conclusion
In this contribution, the synchronization approach via GPS, 1588 and air interface for 1.28Mcps TDD Home Node B device was elaborated. We propose the following text proposal could be captured in TR 25.866 as a baseline for 1.28Mcps TDD Home Node B device synchronization.
-------------------Text proposal--------------------
8
UTRAN Architecture and Application Protocol (RAN WG3)
This section includes the investigation of whether any UTRAN interfaces might be impacted and investigation of whether 1.28Mcps TDD Home Node Bs need to be synchronized among each other or with the macro network and how synchronization can be achieved in a scalable manner.
8.1 Synchronization

8.1.1 V1588 synchronization scheme

IEEE PTP 1588V2 is an improved and optimized version with shortened form relative to 1588, a precise time synchronization protocol. 
IEEE 1588V2 calculates time shift and resident time introduced by intermediate network equipment through information transmitted between principal and subordinate equipments. It may decrease the effect of timing packet suffering by saving and transmitting, thereby can realize precise synchronization between principal and subordinate equipments.

Figure 8.1.1-1 describes the procedure calculating path delay and time shift of principal and subordinate equipments.
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Figure 8.1.1-1 The procedure calculating path delay and time shift of principal and subordinate equipments
Subordinate equipment obtains 
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c) Path delay: 
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Subordinate equipment calculates time shift and corrects local time, and synchronizes to principal equipment.
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                           Figure 8.1.1-2 Principle of time correct
In real network, timing information between principal and subordinate equipments involves several nodes. So each node in network is required to maintain and correct path delay. Based on 1588V2 protocol, timing precision can be in ns, some synchronization network may realize phase difference within +/-1uS relative to datum reference source, which may make terrestrial synchronization network meet or exceed the synchronization requirement of TDD Home Node B network.
8.1.2 GPS synchronization scheme

GPS is an alternative Home Node B synchronisation scheme for it has already been endorsed as an important local clock signal source for TD-SCDMA base stations. GPS receives signal from more than one satellite and deciphers a UTC time info. 

Actually, the accuracy tightly depends on the propagation quality between GPS receiver device and source satellites. The quality may be deteriorated when GPS receiver is located in a closed building or with a long cable between GPS antenna and receiver. Thereby on top of additional cost for GPS receiver, the timing accuracy may not be adequate for a Home Node B synchronisation for indoor coverage is a large percentage of its usage.
8.1.3 Air interface synchronization scheme
The concentration of TDD Home Node B air interface synchronization is how to select the timing benchmark. Once the timing benchmark is selected, all Home Node Bs in one location should automatically adjust their timing to this benchmark.
The handover between Home Node B and Macro Node B must be supported, such that Home Node B synchronizing with Marco Node B is a straight method without additional complexity.

TDD Home Node B detects Macro Node B’s DwPCH, and defines its timing benchmark according to Macro Node B’s DwPCH. 
Considering the complex deployment scenario of TDD Home Node B network and least impact on macro cellular deployment, Macro Node Bs and TDD Home Node Bs are preferably deployed on different frequency band. Home Node B should select the best suitable macro cell from all candidates Macro Node Bs if it can detect signal of multiple Macro Node Bs. The timing could be set using one reference in figure 8.1.3-1.
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Figure 8.1.3-1 TDD Home Node B Timing according to Macro Node B’s DwPCH
Figure 8.1.3-1 gives three candidate TDD Home Node B air interface timing adjust methods:

· Reference 1: The frame boundary of Home Node B precedes anchored macro one with oneτadv, which is given by macro Node B via a uplink synchronisation procedure; 
· Reference 2: The frame boundary of Home Node B is exactly aligned with anchored macro one via uplink synchronisation procedure;
· Reference 3: Home Node B sets its frame boundary at the time point when it detects a downlink synchronisation peak, which in principle lagτadv behind anchored macro one.
If reference 1 or 2 is selected, Home Node B shall behave as a regular TD-SCDMA UE and perform a ‘fake’ random access in its synchronisation.
If Home Node B can not detect Macro Node Bs’ DwPCH, according to its SON characters, Home Node B should select one empty frequency that not occupied by its neighbour Home Node Bs. 
· When Home Node B is power on, it should search the best suitable Home Node B from Home Node B available frequency list, and get its timing advance.
· Apply any type of Home Node B timing reference as shown in figure 8.1.3-1.
If Home Node B can neither detect signal from Macro Node B nor from other Home Node B, the timing rule is not needed to specify.
Due to cost concern, oscillators with loose timing accuracy and stability requirement are preferred for Home Node B device. Therefore Home Node B needs to periodically perform a synchronisation corroboration to amend impact incurred by low stability and enable working frequency and timing accuracy in an interference mitigated purpose. 
The above synchronisation principle could be also used for multi-frequency TD-SCDMA Home Node B because the timing reference signal, i.e. DwPTS, is only located on primary frequency and one multiple-frequency Home Node B only adopts one unique timing.
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