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1 Introduction

RAN4 has been discussing synchronization requirements for TDD-LTE HeNBs [1], but the discussion was focused on avoiding uplink-downlink interference. It was shown that a synchronization error of half the guard period (35μs) suffices for this purpose [2]. 
In this contribution, we analyze the impact of synchronization accuracy on HeNB performance. We focus on the dedicated HeNB carrier scenario, where adjacent HeNBs have a transmit time difference between them. This difference could be because the two HeNBs utilize different synchronization techniques (e.g. GPS vs. Open-loop network listening), or because of inherent inaccuracies of the synchronization technique (e.g. IEEE 1588 v2). We analyze scenarios corresponding to different ICIC techniques (fully loaded, subband partitioning, carrier partitioning) under a wide range of synchronization errors. 
2 Simulation Assumptions
In Table 1 different simulation assumptions for the simulations are listed.

Table 1 Simulation Assumptions for UE-RS Simulations
	System Bandwidth
	5MHz

	Channel Model
	TU 3 km/h

	Number of Tx antennas
	4

	Number of Rx antennas
	2

	Receiver Type
	Linear MMSE

	Allocation Size 
	6 RBs (1 subband)

	Number of Control Symbols
	3

	Number of CRS antenna ports
	4

	CQI/Precoding feedback
	Perfect feedback, per subband CQI/PMI/RI. 16 Precoding Matrices  

	Channel Estimation
	UE-RS based. 2-D MMSE assuming uniform delay spread over 5 μs and uniform Doppler spread tuned to 10 km/h

	Interference Estimation
	Estimated per RB using UE-RS


Further details about the simulations are given below:

· The precoding codebook consists of rotated DFT precoding matrices. 

· CQI/RI/PMI computation is based on perfect channel knowledge with feedback periodicity of 3ms and feedback delay of 3 ms.
· The transmission rank is based on the CQI/RI/PMI report from the UE. 
· Packets are scheduled using the RI, CQI and PMI reported by the UE.

· Target HARQ termination: 10% after 1st transmission.

· Per codeword outer loop MCS adjustment loop is run to meet the target termination.

The UE-RS pattern used for the simulation is shown in Fig. 1. The pattern is hybrid CDM / FDM where CDM is used to multiplex pilots of two layers in 1x2 strips and 6 such strips are used. 
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Figure 1: UE-RS Pattern

2.1
Interference scenarios
Figure 2 below illustrates the frequency and time domain configuration of the target and interfering signals. 
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Figure 2: Interference from neighbouring cell
In the simulations we assume the following three interference scenarios from the neighboring cell:
· Scenario 1: UE served by serving cell on subband 0. Interfering cell transmits on subband 1 and doesn’t transmit anything on other subbands. This corresponds to intra-carrier resource partitioning. 
· Scenario 2: UE served by serving cell on subband 0. Neighboring cell uses a different carrier. Adjacent channel interference (ACI) from neighboring cell modelled as 33dB below signal received on neighbor cell carrier. This corresponds to inter-carrier resource partitioning.  

· Scenario 3: (Fully loaded) UE served by serving cell on subband 0. Neighboring cell uses the entire BW on the same carrier.  This corresponds to the default case of no frequency reuse, where the same power is used across the full bandwidth. 
At the receiver, the UE sees signal from serving cell, signal from neighboring cell and thermal noise. Simulations are carried out of neighbour cell received signal to thermal noise ratio (I/N) of 5, 10, 15 and 20 dB and we plot throughput versus received serving cell signal power to thermal noise ratio (C/N). Each plot includes curves for different synchronization error Δ corresponding to scenario 1 as well as one curve for scenario 2, corresponding to a large error of 35 μs. 

2.2
Performance Results
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3 Conclusions

The analysis in this contribution shows that:
(1) In the subband partitioning case, no performance loss is seen when the interfering cell is around 10dB greater than the thermal noise. Even in the cases when the interference is 20dB, the loss for 3us is almost the same as the loss for much higher values (16us).  Note that such scenarios where the interfering cell is very strong are not too common, especially since control channel connectivity becomes an issue. 
(2) In the carrier partitioning case, there is no performance loss. This is not surprising since there is a 33dB ACI across the carriers, hence any impact due to asynchronous interference is greatly mitigated.  
(3) In this fully loaded scenario, there is zero performance loss, no matter what the synchronization error is (provided no UL-DL jamming occurs). This is easy to see qualitatively; the interference power from the adjacent cell does not change due to the synchronization error. 
Thus, we see that a reasonably large error can be tolerated even for same-link jamming scenarios (DL-DL or UL-UL). We recommend RAN4 to consider these observations in setting the synchronization requirement for TD-LTE HeNBs.
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