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1
Introduction
In previous contributions, the benefits that synchronization of different cells in a network brings were described in detail [1], [2]. Furthermore, network synchronization is a requirement for TDD operation in E-UTRAN (LTE). In [3], a self-synchronization technique in which HeNBs achieve synchronization from other eNBs was presented.  
In this document, we analyze the synchronization accuracy that can be achieved in a HeNB deployment.   The analysis is conducted based on the standard channel models that are used for positioning studies in 3GPP [5]. The rest of the document is organized as follows. In Section 2 the problem of time delays is briefly explained. Section 3 shows the simulation setup and the simulation results. Some conclusions are given in Section 4.
2
Discussion 
The accuracy requirements for LTE TDD in [6] specified for macro BS state that two eNBs with overlapping coverage should radiate within a few microseconds of each other. In a typical synchronized macro eNB deployment, this would mean that the eNBs derive their timing from a global timing source (e.g. based on a GNSS), and transmit close to that timing. As macrocells have comparable power and thus a UE at the cell boundary would typically have comparable times-of-flight to both macrocells. Thus, the time-difference-of-arrival (TDOA) at the UE is close to 0 if both macrocells radiate with the same frame start timing. Such low TDOA (within cyclic prefix) is very beneficial to many techniques. A detailed description of the techniques and the required accuracy is provided in [2]. 
Such a requirement may however cause interference issues in a HeNB deployment. A very likely scenario in the case of HeNB networks is shown in Fig. 2.1. A UE that is connected to a macro eNB could be in the vicinity of a HeNB (or vice versa). In such a case, let TMACRO-UE be the time of flight from the macro to the UE and let THENB-UE be the time-of-flight from the HeNB to the UE. The TDOA at the UE is TMACRO-UE – THENB-UE. As the macrocell is farther off from the UE compared to the HeNB, this TDOA could be much larger than 0. For example, in a 3 km cell, this could be 10 microseconds or larger. 
On the other hand, let us say the timing of the HeNB is offset by a few microseconds, i.e. the frame start timing is several microseconds after the frame start timing of the macro eNB. This could be achieved via self-synchronization, wherein a HeNB starts receives the signal from the macro and sets its timing based on that. In particular, if TMACRO-HENB is the time-of-flight between the macro and the HeNB, the transmission of the HeNB starts at time TMACRO-HENB after the macro transmission. In this case, the TDOA at the UE is TMACRO-UE – (TMACRO-HENB + THENB-UE). This quantity is closer to 0 as TMACRO-HENB ≈ TMACRO-UE (as the UE and HeNB are close by) and THENB-UE ≈ 0. Thus it is very beneficial for a HeNB to delay its timing compared to macrocells.  
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Fig. 2.1 HeNB scenario
3
Time Offset Analysis

A simulation was performed to evaluate the time offsets incurred in self synchronization. Section 3.1 describes the simulation setup and Section 3.2 shows the corresponding simulation results.
3.1
Simulation Setup

The simulation considers randomly placed HeNBs inside a macro cell. In the first simulation the time offset between the macro and a HeNB (TMACRO-HENB) is computed. In the second simulation, the time offset at the UE between the macro eNB signal and HeNB signal is calculated (TMACRO-UE – (TMACRO-HENB + THENB-UE)). All the propagation delays (TMACRO-UE , TMACRO-HENB , THENB-UE are computed according to [5]. This is done as follows. The root mean square of the propagation delay spread τrms is modelled as.
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 is the median value of the delay spread at d = 1 km,  is a distance-dependence exponent, and y is a lognormal variate, meaning that 
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 is a Gaussian random variable with standard deviation Y. 20 paths (corresponding to 20 different scatterers) that arrive within the delay spread are randomly generated, with the shadowing of each such path according to an exponential decay model. Rayleigh fading is applied to these 20 paths and synchronization is locked on the strongest wave. The minimum delay τ=0 is assumed for a wave that follows the straight line between the macro eNB and the HeNB. 
For the second simulation the maximum distance between the HeNB and the macro UE is assumed to be 50 meters, as it is unlikely that a HeNB coverage is much greater than this. Further more TMACRO-HENB and TMACRO-UE​ are generated independently.  Note that this is a pessimistic assumption as proximate HeNBs and UEs are likely to have the same scatterers.
Table 1: Simulation Parameters used

	Parameter
	Assumption

	Cell radius
	0.5km, 2km, 15km

	Rms delay spread τrms
	τrms =T1dεy , where

T1=1μs

d=500 meters

ε=0.3

σy=4dB

	Relative power between paths
	Pi=exp(-6τ/τmax), τmax=(τrms)^(1/3)

	Maximum distance between HeNB and macro UE
	50 meters


3.2
Simulation Results
Using the above setup, simulation was performed for the previously introduced cases. The macro Cell Radius was used as a parameter. The results show the cumulative density function (CDF) of the time offset. 

· Cell Radius 0.5 km
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Fig. 3.1 CDF of TMACRO-UE – THENB-UE                    Fig. 3.2 CDF of TMACRO-UE – (TMACRO-HENB + THENB-UE)
· Cell Radius 2 km [image: image7.emf]1 2 3 4 5 6 7
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Fig. 3.3  CDF of TMACRO-UE – THENB-UE                     Fig. 3.4 CDF of TMACRO-UE – (TMACRO-HENB + THENB-UE)
· Cell Radius 15 km   [image: image9.emf]2 4 6 8
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Fig. 3.5 CDF of TMACRO-UE – THENB-UE                       Fig. 3.6 CDF of TMACRO-UE – (TMACRO-HENB + THENB-UE)
The time offset CDFs seen by the UE in the case when the HeNB start time is the same as the macro eNB are shown in Fig. 3.1., Fig. 3.3 and Fig. 3.5. We can see the TDOA at the UE is quite large in this case, and can even be 50 microseconds or larger in large cells. The time offsets seen by the UE when the HeNB offsets its time w.r.t. the macro is shown in Fig. 3.2., Fig. 3.4 and Fig. 3.6. For the second case, the time offset between the two signals at the UE is almost constant and falls under 2 micro seconds with a 99% probability even in very large cells. This value is much smaller than the 4.69 micro seconds cyclic prefix defined in LTE. These results show that start time offsets at the HeNB are very beneficial. 
3
Conclusion
Currently, there are no timing accuracy requirements specified in [6] for HeNBs, as HeNBs were not considered in Rel 8. It is clear that such requirements need to be added to complete the TDD HeNB work item. In this contribution, we analyzed these requirements and showed that offsetting the frame start timing of HeNBs is very beneficial. We recommend RAN4 to analyze this and adopt corresponding requirements.  
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