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1 Introduction

In the previous meetings, a document raised the issues of synchronization-RACH period for LTE_ACTIVE statue UEs [1], and WG2 asked WG1 on such a problem in Athens meeting [2].

To examine such issues, we should find out how much time is available for the timing mismatch between the received signals and the FFT/IFFT window, which gives little effect on performances. So, we have simulated UL SCH blocks with various timing offsets. After getting real timing margin, we use it in calculating the required period of synchronization. 
From the BER simulation, the timing mismatch should be within CP. If the maximum timing offset is CP, the duration of synchronization RACH should be less than 0.54 second per UE to support 500Km/h. 

2 Consideration on timing offset
If the timing offset, between the received signals and the demodulation window, exceeds CP, it gives some undesirable effect on a system in two ways. One is the interference to other-subcarrier signals (maybe UL signals of other UEs), and the other is the performance loss on mismatched signals in themselves. 
For the interference to other-subcarrier signals, an IEEE paper had examined such effect on localized OFDMA systems [3] with the assumption of no noise signal or no fading distortion. It says that the averaged SIR in adjacent allocated blocks maintains over 20dB if the timing mismatch does not exceed 7% of symbol duration over CP. However, the nearest subcarriers undergo higher interference if the timing offset exceeds CP.
In this document, we do not consider such events of the interference to other-subcarrier signals ( regard it as FFS), but examine the performance loss on mismatched signals themselves through simulations. To investigate the effect on the demodulation of timing-mismatch, we considered two uplink blocks, data and pilots, as shown in figure 1. We assumed that the modulation scheme is either OFDMA or SC-FDMA as shown in figure 2. The pilot blocks are used for the channel estimation of data blocks. We assumed N_tx information bits are transmitted for both schemes. The detailed simulation parameters are summarized in table 1. For convenience, the size of pilot block is set to that of data block and Zadoff-Chu CAZAC is used for pilot block. We simulated three types of modulation (BPSK, QPSK and 16-QAM) with/without dummy data. 
We examined two cases separately, with/without dummy-data effect. When timing offset exceeds CP, generally, the dummy data portion is added for demodulation. That worsens the performances of demodulation as well as channel estimation also. 
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Figure 1 : Uplink signal format for simulation
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(a) OFDMA schemes
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(b) SC-FDMA schemes

Figure 2 : The transmission structure for simulation

Table 1 : The simulation parameters

	Parameters
	Value

	System BW
	5MHz(512 Samples)

	UE BW
	5MHz

	CP Length
	31 Samples

	Data Modulation
	BPSK, QPSK, 16-QAM

	Data Block Size
	293 Sub-carriers

	Pilot Pattern
	Zadoff-Chu CAZAC

	Pilot Block Size
	293 Sub-carriers

	CAZAC Length
	293

	Timing offset
	+300 ~ -300 (including CP length)

	
	No fading, No noise


Firstly, we got the uncoded BERs of each scheme. Figure 3 shows the uncoded BERs of OFDMA case. The positive sign of x-axis means that the window moves to right side while the negative sign means the window to move to left side. As shown in figure 3, if BPSK is used for data modulation, there is about 70 sample margin to achieve 0.1% BER, i.e. it has the timing margin of 9 micro seconds. As the modulation is higher, the margin for misalignment decreases significantly. For the case of 16QAM, there is little additional margin except CP length. This means that the timing offset gives interference on the subcarriers of assigned blocks and the power loss of desired signals are spreaded out over all subcarriers . 
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Figure 3. The uncoded BER (OFDMA)

To examine such effect more, we have obtained the averaged SIR (Es/Io) over the subcarriers, which shown in figure 4. Note that there is no noise portion in simulation. If the timing offset is within CP, the received SIR is infinity. However, if the timing offset exceeds CP, the interference is introduced. We had examined SIR for a specific subcarrier also, but not shown in this document, and found out that the interference was spreaded out equally over all subcarriers. 
[image: image6.emf]-300 -200 -100 0 100 200 300

0

5

10

15

20

25

30

Delay Offset [Sample]

Es/Io [dB]

Average Es/Io


Figure 4. Averaged SIR over all the sub-carriers (OFDMA)

Secondly, we repeated above procedures with SC-FDMA cases, and the uncoded BERs are shown in figure 5. If the modulation window exceeds CP, the performance degradation is much severer because original information exists in time domain. The information bits within timing offset beyond CP are lost. So, with BER view point, there is no additional room for timing margin except CP. We do not show averaged SIR for SC-FDMA since it is apparent to lose the information bits. 
[image: image7.emf]-300 -200 -100 0 100 200 300

10

-3

10

-2

10

-1

10

0

Delay Offset [Sample]

Uncoded BER

SC-FDMA w/o dummy data

Real Est. BPSK

Real Est. QPSK

Real Est. 16-QAM

[image: image8.emf]-300 -200 -100 0 100 200 300

10

-3

10

-2

10

-1

10

0

Delay Offset [Sample]

Uncoded BER

SC-FDMA w/t dummy data

Real Est. BPSK

Real Est. QPSK

Real Est. 16-QAM


Figure 5. The uncoded BER (SC-FDMA)

As the conclusion of this section, from the view point of uncoded BER, we can say there is no additional timing margin except CP. The inter-subcarrier interference due to timing offset gives adverse effect on channel estimation as well as demodulated signals.

Of course, some forward error-correction schemes can minimize such adverse effect and increases the timing margin. However, in this phase, it is difficult to examine such effect since there is no agreement on LTE coding schemes. 
3 The period of synchronization RACH
In section 2, we got the maximum timing margin is just CP duration. In this section, we calculated the required period of synchronization RACH with that result. 

To calculate the period of synchronization RACH, at first, we should subtract the reserved time from the obtained available timing margin, CP duration. In general, the reasons for reserved time are summarized as follows.
(1) The timing estimation error of synchronization RACH detector

(2) The timing offset between UE’s oscillator and Node-B’s oscillator

(3) The timing-margin for fading profiles

From the practical experiences, we consider 1 micro second for (1) and (2). In addition, from TU1 channel model, four paths are within 2 micro seconds. So, we can set the reserved time about 3 micro seconds, and we consider the effective timing margin is just 1 micro second as shown in figure 6. The effective timing margin can be used for calculating the available UE movement distance. Since the UE movement is either closing to Node-B or going away from Node-B as shown in figure 7, the effective timing margin is separated into two portions as shown in figure 6.
[image: image9.emf]Reserved

Time (3



sec)

CP(4



sec)

Data

0.5 



sec

Used for the period of synchronization RACH

Reserved

Time (3



sec)

CP(4



sec)

Data

0.5 



sec

Used for the period of synchronization RACH


Figure 6 : Calculating the effective timing margin
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Figure 7 : UE movement during the effective timing margin
Considering round-trip delay, the maximum distance for 0.5 micro second is about 75 meter. If UE movement is 300Km/h, it takes 0.9 second. According to TR 25.913, even 500Km should be supported. To support 500Km case, the duration of synchronization RACH should be less than 0.54 second per UE.
4 Conclusions
Considering the period of L1 synchronization, the following points are provided as conclusions. 

- Considering BER performances, the timing mismatch should be within CP
- The period of synchronization RACH should be smaller than 0.54 second per UE to support 500Km/h
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