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1. Introduction

At the last San Diego RAN1#42bis meeting, frame structure solution for EUTRA co-exist with UTRA TDD has been provided. Meanwhile many companies proposed the downlink synchronization channel structure [2, 3, 4, 5]. As the particularity of TDD mode, in which the signals on both uplink and downlink are in the same or close frequency band and are distinguished by different transmission time. For TDD UE, downlink synchronization access procedure maybe interfered by uplink signal. This contribution aim at the EUTRA TDD frame structure of section approach 1 in [1], propose the design method of UL and DL special synchronization access timeslot apply for this frame structure. The simulation results show that this method can increase the efficiency and accuracy of cell search.

2. EUTRA TDD frame structure and special timeslots design
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In order to achieve compatibility between EUTRA and UTRA LCR TDD and requirement of co-existence and reduce interference, the approach 1 frame structure in section 6.2 in [1] has been shown as figure 1.
Figure１　Frame Structure of one pair of switching points between DL and UL traffic timeslot

In figure 1, one 10ms radio frame can be divided to two 5ms sub-frames. Each sub-frame contains 7 traffic timeslots and 3 special timeslots. The length of three special timeslot DwPTS, GP1 and UpPTS between TS0 and TS1 is 275us.
DwPTS is the downlink synchronization pilot timeslot which can be used for cell downlink synchronization access. When UE do cell search, downlink synchronization pilot in DwPTS can be searched and get the system synchronization information. Then downlink time synchronization and frequency synchronization can be established.

As a special time duration, UpPTS is the uplink access timeslot which can be used for transmission of uplink synchronization pilot signal. Uplink synchronization pilot signal is transmitted from UE to Node B in this timeslot to achieve uplink synchronization.

GP1 between DwPTS and UpPTS is the protection gap for DL switch to UL. The length of GP1 determines the coverage radius of TDD cell [6]. 
LTE requires system can support scaleable transmission bandwidth from 1.25MHz to 20MHz. Thus, we must consider various types of UE with different bandwidth capabilities. Furthermore, we must consider Node B with various frequency band capabilities. For instance UE with the maximum bandwidth capability of 20 MHz must be able to establish a radio link to a Node B using a scalable bandwidth from 1.25 to 20 MHz. Similarly, the UE with a 5-MHz band capability must be able to establish a radio link to a BTS using a scalable bandwidth[4]。So signal design for DwPTS should ensure different bandwidth UE can access system and achieve synchronization. DwPTS structure in different bandwidth is shown in figure 2.
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Figure 2　DL DwPTS signal in different bandwidth
In figure 2, the central part of the spectrum (1.25MHz bandwidth) of the scalable bandwidth LTE required always be used to transmit downlink synchronization pilot symbol in the DwPTS downlink synchronization timeslot. In this way, UEs with various bandwidths can receive downlink synchronization pilot symbol achieve the downlink synchronization. 
For EUTRA system based on OFDM, Either OFDM symbol or single carrier signal can be used as DL synchronization pilot. Due to DwPTS is a single timeslot, using single carrier signal as downlink pilot symbol is more convenient, reducing complexity and search time.
Therefore, special timeslot DwPTS in figure 1 can be designed to transmit a downlink synchronization sequence (SYNC_DL) which is pseudo-random code with 64chips. According to the DL OFDM parameter in [1], the sampling rate of 1.25MHz bandwidth system is 1.92MHz. So the sampling rate of single carrier pilot sequence can be designed as 1/2 OFDM signal sampling rate, i.e. 0.96MHz. Assuming pulse-shaping filter of single carrier signal is a root-raised cosine (RRC) with roll-off 
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=0.22, transmitting signal as sampling rate 0.96MHz, the bandwidth is 1.22*0.96 = 1.17MHz. The length of pilot sequence with 64chips is 66.67us which is equal to an OFDM symbol length(exclude CP). Meanwhile, protection gap with 24 chips can be configured at the left of DL pilot sequence. Its time duration is 25us and no signal will be transmitted in this interval. 
Single carrier uplink synchronization signal can also be used for the transmission of uplink synchronization access signal (SYNC_UL) in UpPTS. Uplink pilot code uses pseudo-random code with 128chips length and time duration is 133.3us. And 8 chips protection gap has been configured at the right of UL pilot code with 8.3us time duration.  
In figure 1, the total timeslot length of DwPTS, GP1 and UpPTS is 275us. According to the design above, GP1 which is protection gap of DL switch to UL is about 42us. So the cell radius can be supported is larger than 6km. the design of special timeslot DwPTS, GP1 and UpPTS are shown in figure 3.
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Figure 3 design of special timeslot DwPTS, GP1和UpPTS
3. The procedure of cell search and uplink synchronization
3.1. Cell search procedure

According to the design described in Section 2, UE can utilize the following procedure to realize cell search:
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First, the downlink synchronization pilot SYNC_DL in DwPTS is designed in the way that protection gap presents on both sides of its 64-chip long PN code. Because there is no signal transmitted during the two protection gaps, the received power at UE for these gaps is very small. Because the PN code data in SYNC_DL is transmitted in full power, the UE sees a “peak” surrounded by two protection gaps i.e. the ratio of received protection gaps power to SYNC_DL power is very small. This structure can be seen as a “power Eigen-Window” along the time axis. The smallest value for the ratio can be seen as the position of DwPTS when UE searches the entire received data before the 5ms sub-frame structure is known. In this way the rough position of SYNC_DL can be determined, and the coarse synchronization of downlink is realized.
After the rough position of SYNC_DL is determined, the UE receives data at this position, then uses correlation algorithm to identify downlink synchronization sequence used in the SYNC_DL. The SYNC_DL uses different PN code sequence for different cells. Thus the UE can distinguish cells by identifying SYNC_DL code.

The next step performs correlation operation on the identified SYNC_DL code to find out the peak position. Thus the fine synchronization process of UE is realized.

Since different segment of SYNC_DL has different frequency offset, the UE can use correlation to estimate the actual frequency offset, calibrate the frequency offset. after that, the UE can realize fine frequency synchronization by receiving the OFDM pilot symbols in TS0 (downlink time slot).

The last step, by reading BCH channel sent on TS0 timeslot to get network system information and control information, the UE obtains system synchronization.

3.2. Uplink synchronization procedure

UE can use the following procedure for uplink synchronization according to the design in section 2:

[image: image8.wmf]Matched filter

SYNC

_

UL detection

Collision detection

Interpolation

Correlation Method

Interpolate according to 

synchronization requirements


First, UE sends SYNC_UL in UpPTS to Node B, and Node B matches the received SYNC_UL code with a group of pseudo-random SYNC_UL codes (there exists multiple SYNC_UL codes for simultaneous random access of multiple UEs) to judge with SYNC_UL code the UE is sending.

Then when the SYNC_UL code used by the UE is identified, the Node B interpolates the received signals to obtain the uplink synchronization offset which can be sent to the UE to adjust its timing.

The last step is SYNC_UL detection. If more than one UEs use identical SYNC_UL code for random access at the same time, collision occurs. If the Node B detects collision, collision processing procedure is activated.

4. Simulations for cell search and uplink synchronization 

In this section, some simulation results are given according to the process of cell search and uplink synchronization, which is proposed in section 2.

4.1. Performance of the cell search 

For cell search in TDD system, the main focus is the interference from other UEs uplink signals to the downlink synchronization signal. When a UE in cell search process are surrounded by other UEs in transmission, if the transmission power of other UEs is very high, the performance of the cell search will be decreased. Table 1 lists the simulation assumptions.

Table 1 Simulation Assumptions

	Parameter
	Assumption

	Channel Model
	AWGN，

TU，6 taps，2GHz center frequency

	Antenna Configuration
	1

	Amplitude imbalance
	2dB

	Phase imbalance
	10deg

	Carrier frequency offset
	5kHz

	Uplink time slot
	TS1

	Pd/Pn
	3 dB

	Pt/Pd
	30 dB


In the table 1, Pd denotes the power of downlink synchronization pilot signal, Pn denotes the power of AWGN noise, Pt denotes the interference of other UEs uplink signals received by the UE. In these simulations of downlink synchronization process, there are uplink signals in TS1 sent by other UEs. The ratio of received power of other UEs signals in TS1 and received power downlink synchronization pilot signal in DwPTS is 30dB, i.e. the interference from uplink signals is far higher than power of downlink synchronization pilot.

Table 2 Correct detection probability and error detection probability in first three steps of the cell search process for different mobile speed cases

	
	AWGN
	TU

	
	
	3 km/h
	120km/h
	350km/h

	correct detection probability
	0.999
	0.8556
	0.8532
	0.8626

	Error detection probability
	0
	0.0016
	0.0024
	0.0016


Table 2 lists the simulation results about the first three steps in cell search process, i.e. the time synchronization process. The simulation results give the performance comparison between AWGN and TU channel, and the performance of low, medium and high speed cases are also given in TU channel.
From the simulation results listed in table 2, it can be concluded that high correct detection probability can be achieved for the design of synchronization pilot in figure 3. In each 5ms sub-frame when UE detecting the downlink synchronization pilot, the correct detection probability is about 85% and the fail detection probability is about 15% while the error detection probability is very low. It is obvious that the fast and reliable access to system can be achieved by the design of downlink synchronization pilot using power “characteristic window”, which the implement complexity and amount of calculation are small. It can be found in the simulation results that the detection probability is independent the mobile speed. The high correct detection probability can be achieved in different mobile speed cases.

The conclusion from these simulations based on proposed downlink synchronization pilot design is that, high correct detection probability and very low error correct detection probability can be achieved even if the strong uplink interference (30dB) exists.

4.2. Performance of uplink synchronization access

For unlink synchronization access, the main focus are the correct detection probability and collision detection probability. The correct detection probability is the probability of correct detection of SYNC_UL code of each UE by Node B, when multiple UEs send the SYNC_UL codes for access the system at the same time in the same cell. 

Node B should also support the collision detection of SYNC_UL code. When two or more UEs send the same SYNC_UL code based on the random selection, Node B should correctly recognize this scenario and perform corresponding process. 

Table 3 lists the simulation assumptions to give correct detection probability. In these simulations, Node B receives SYNC_UL codes from 4 UEs at the same time. The received power of SYNC_UL is same, but different SYNC_UL pseudo random sequence is used by different UE.

Table 3 Simulation Assumptions for the correct detection probability of Uplink
	Parameter
	Assumption

	Channel Model
	AWGN

	Antenna Configuration
	1

	SYNC_UL code
	4 different SYNC_UL code

	Phase for the 4 SYNC_UL code
	random

	Received power for the 4 SYNC_UL code
	Same, at the connection of antenna

	Arrived time for the 4 SYNC_UL code
	Same, at the connection of antenna


Table 4 lists the simulation results. From the simulation results, it can be found that better performance can be achieved in different SNR cases when using single-carrier 128 bit pseudo random code as SYNC_UL. When SNR is 0dB, the averaged correct detection probability is about 90% for the SYNC_UL code which is sent on the same time for 4 UEs. 
Table 4 Simulation results for the correct detection probability of Uplink
	SNR (db)
	Correct detection probability for SYNC_UL#1
	Correct detection probability for SYNC_UL#2
	Correct detection probability for SYNC_UL#3
	Correct detection probability for SYNC_UL#4

	0
	0.937
	0.866
	0.896
	0.920

	10
	0.960
	0.914
	0.909
	0.941

	20
	0.949
	0.923
	0.910
	0.943


Table 5 lists the simulation assumptions to give collision detection probability. In these simulations Node B receive two same SYNC_UL code from two UEs, the difference of the arrived time for them is the duration of 5 chips.

Table 5 Simulation Assumptions for the collision detection of Uplink
	Parameter
	Assumption

	Channel Model
	AWGN

	Antenna Configuration
	1

	SYNC_UL
	2 same SYNC_UL

	Phase for the 2 SYNC_UL code
	random

	Received power for the 2 SYNC_UL code
	Same, at the connection of antenna

	Arrived time for the 2 SYNC_UL code
	Random, 5 chips difference, at the connection of antenna


Table 6 lists the simulation results. From the simulation results, it can be found that better performance of collision detection can be achieved in Node B when using the proposed SYNC_UL code. When SNR is 0dB, it still can recognize that there is collision between the two SYNC_UL codes sent by two UEs.

Table 6 Simulation results for the collision detection of Uplink
	SNR(db)
	Error detection probability for UE1 
	Error detection probability for UE2

	0
	0
	0

	10
	0
	0

	20
	0
	0


From the simulation results above, it can be concluded that better performance on correct detection probability and collision detection probability can be achieved, when using the uplink synchronization pilot sequence in figure 3. Even in the low SNR (0dB) environments, the correct detection and collision detection still can be performed well.

5. Conclusion 

In this contribution, the special time slot structure is designed for E-UTRA TDD frame structure based on LCR TDD, and then the cell search/uplink synchronization methods are given for this structure. The methods are suitable for cell search of UEs with various bandwidth support capacity and uplink random access to Node B with different bandwidth configuration. Simulation results show that the downlink synchronization pilot design with “power Eigen-window” presents very high probability of correct detection and very low probability of error detection. The uplink synchronization sequence design can also obtain good SYNC_UL detection and collision detection performance.

Text proposal for TR 25.814

---------------------------------Start of Text Proposal--------------------------------------------
7.1.2.4

Cell search
According to the 6.2.1.1 section of TR25.814, the cell search method for EUTRA TDD is designed as following:

The length of three special timeslot DwPTS, GP1 and UpPTS between TS0 and TS1 is 275us. DwPTS is the downlink synchronization pilot timeslot which can be used for cell downlink synchronization access. UpPTS is the uplink access timeslot which can be used for transmission of uplink synchronization pilot signal. Uplink synchronization pilot signal is transmitted from UE to Node B in this timeslot to achieve uplink synchronization. GP1 between DwPTS and UpPTS is the protection gap for DL switch to UL.
LTE requires system can support scaleable transmission bandwidth from 1.25MHz to 20MHz. So signal design for DwPTS should ensure different bandwidth UE can access system and achieve synchronization. DwPTS structure in different bandwidth is shown in figure 7.1.2.4-x.
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Figure 7.1.2.4-x　DL DwPTS signal in different bandwidth

In figure 7.1.2.4-x, the central part of the spectrum (1.25MHz bandwidth) of the scalable bandwidth LTE required always be used to transmit downlink synchronization pilot symbol in the DwPTS downlink synchronization timeslot. In this way, UEs with various bandwidths can receive downlink synchronization pilot symbol to achieve the downlink synchronization. 

For EUTRA system based on OFDM, the single carrier signal can be used as DL synchronization pilot in DwPTS and UL synchronization pilot in UpPTS special time slot.
The sampling rate of single carrier pilot sequence can be designed as 0.96MHz. Assuming pulse-shaping filter of single carrier signal is a root-raised cosine (RRC) with roll-off 
[image: image4.wmf]a

=0.22, transmitting signal as sampling rate 0.96MHz, the bandwidth is 1.22*0.96 = 1.17MHz.
The special timeslot DwPTS can be designed to transmit a downlink synchronization sequence (SYNC_DL) which is pseudo-random code with 64chips. Meanwhile, protection gap with 24 chips can be configured at the left of DL pilot sequence. Its time duration is 25us and no signal will be transmitted in this interval.
The special timeslot UpPTS can be designed to transmit a uplink synchronization sequence (SYNC_UL) which is pseudo-random code with 128chips length and time duration is 133.3us.. And 8 chips protection gap has been configured at the right of UL pilot code.
GP1 which is protection gap of DL switch to UL is about 42us. So the cell radius can be supported is larger than 6km. the design of special timeslot DwPTS, GP1 and UpPTS are shown in figure 7.1.2.4-xx.
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Figure 7.1.2.4-xx  design of special timeslot DwPTS, GP1和UpPTS

---------------------------------End of Text Proposal---------------------------------------------
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