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1 Introduction
Timing and frequency estimation greatly impacts on UL timing and frequency control and DL cell search performance, as demonstrated in [1] the large frequency offset can significantly degrade the sub-carrier SINR. Since the SCH must be received by UE without a priori knowledge of the number of transmit antennas at Node-B, the open-loop transmit diversity (TxD) methods time switch transmit diversity (TSTD), frequency switch transmit diversity (FSTD)  and cyclic delay diversity (CDD) are specified as TxD candidates for SCH transmit in multiple antenna cell.
In this contribution, we emphasize the advantages the TSTD brings in TDD MIMO regarding to combing it with adaptive antenna selection (AAS) techniques for DL and UL timing and frequency synchronization. We recommend adopt TSTD for SCH transmission and AAS techniques for UL and DL synchronization in TDD MIMO.  
2 Antenna selection for DL synchronization 
In an OFDM MIMO, at UE side, SCH search in general involves two steps: the coarse SYNC and fine SYNC search. The first step is to perform the coarse timing synchronizing with the Node-B by correlating the received signal with reference sequence in P-SCH channel. In MIMO, when TSTD (it can be considered as implicit transmit antenna selection (TxAS) with regards to the synchronization algorithm at UE) is employed, multiple P-SCH can be used for the joint SYNC detection to enhance the SYNC performance. The receive antenna selection (RxAS) with regards to the maximal peak correlation values of multiple received SYNC over all receive antenna at UE is preferred for DL SYNC. In synchronization with Node-B, UE locates to the first P-SCH it finds by correlating the reference sequence with received signal in time domain and performs the coarse timing at each receive antenna. After the initial timing, it locates to more P-SCHs and performs the timing synchronization at each receive antennas with each P-SCH. The UE will select the receive antenna with the maximal correlation for the timing refinement and CFO estimation over all receive antennas out of all the multiple P-SCHs. Thus the implicit TxAS (TSTD) and RxAS are jointly utilized for synchronization performance improvement. The TSTD is specially preferred as it is easier for the UE to estimate the channels between the UE and Node-B in the P-SCH such that the TxAS based on CIR (channel impulse response) can be applied for UL SYNC.
3 Adaptive antenna selection for initial UL frequency and timing control
After DL SYNC with Node-B, UE estimates the channels between any transmit and receive antenna pair by utilizing the P-SCHs. Afterwards, if UE needs, it will launch a non-synchronized random access by transmitting a RACH preamble. Taking advantage of the channel reciprocity in TDD UL and DL, UE can choose a certain antenna instead of distributing the power over all the transmit antennas to transmit the RACH preamble according to one of the following two antenna selection rules: 

1. Maximum First Path Power (MaxFPP): The antenna chosen to transmit the RACH preamble is the one with the maximal first of L paths of all N channels estimated: 
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, where N is the number of channels estimated. 
2. Maximum Total Path Power (MaxTPP): The transmit antenna selected for RACH is by maximizing the total power of all taps in all estimated channels: 
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, L is the channel length.
It is proposed in [1] that the initial CFO for frequency control at Node-B is estimated from the non-synchronized RACH for each user. Similar to identifying a rough OFDM symbol timing in DL, the coarse timing is based on the time-domain correlation of the received RACH signal with the reference RACH preamble sequence at each receive antenna. For the accurate timing estimation, select the antenna according to the maximal absolute correlation value at each receive antenna. And the corresponding antenna is also used for CFO estimation. The fine timing can be achieved by finding the maximal cross correlation function between the received sequence and reference RACH preamble. With the AAS at UE and Node-B, the accurate timing and CFO estimates is ready for initial UL timing and frequency control. In the UL timing and frequency control after initial stage, UE utilizes the UL RS for timing and frequency control.  
4 Simulation with antenna selection 
In this section, we demonstrate that gain from employing the AAS technique in a 2x2 MIMO system. The simulation parameters are listed in Table 1. The performance improvement of the proposed AAS for timing and frequency synchronization is depicted in Fig 1 and Fig 2 respectively. 

Table 1.  Simulation  parameters
	Sampling rate
	7.68MHz

	Channel Bandwidth
	5MHz

	Sub-carrier spacing
	15kHz

	FFT size
	512/66.7us

	CP length 
	64/16.7us

	OFDM period
	576/83.4 us

	Sequence
	Gold

	Simulation wireless channel
	SCM: 120km/h

	Tx Antenna/Rx Antenna
	2×2

	Channel estimation
	Ideal 


The “Common” in the Fig 1 is the result without AAS applied. Fig 1 shows that the receive AAS schemes achieve better timing performance than the ones without AAS at receiver. When both transmitter and receiver employ the AAS, additional timing gain over the TxAS only scheme can be observed. The CFO estimation performance is similar to the timing, figure 2 shows employing implicit TxAS (TSTD) at transmitter can accomplish more accurate CFO estimation.  
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Fig 1: The correct timing probability comparison for receiver AAS with 2×2 and RX antenna selection
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Fig 2: The MSE frequency offset estimation of VA 120 km/h with 2×2 antenna

5 Conclusion 

It is analysed in [1] ICI caused by the CFO can significantly degrade SINR, therefore, an accurate estimation of the CFO and timing synchronization would help DL and UL synchronization performance. As AAS improves the frequency and timing synchronization, in multiple antennas TDD cell we would propose UE adopt RxAS and TxAS at for DL synchronization performance enhancement and UL initial timing and frequency control respectively, and Node-B utilize the RxAS for RACH preamble detection. 
Among the three TxD candidates in MIMO, we recommend to use the TSTD for SCH in LTE TDD for the following reasons:
1. The timing and frequency synchronization performance can be improved by explicit RxAS and TSTD (implicit TxAS) for DL timing and frequency synchronization.

2. If TSTD is selected for both P-SCH and S-SCH, the channel estimated in the P-SCH would help improve the coherent detection of S-SCH. 

3. With TSTD, the channels between UE and Node-B antenna pairs can be easier estimated, so that the TxAS, which requires the channel information, can be adopted for the accurate timing and CFO estimation for UL initial frequency and timing control.  
Especially, the recommended AAS is particularly suitable for the UE perform the accurate synchronization, when it has only one RF chain but with two or more antennas equipped. 
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