3GPP TSG RAN WG1 LTE Ad Hoc  
R1-061842
Cannes, France, 27 – 30 June, 2006
Agenda Item:
4.1
Source: 
Nortel Networks

Title: 
Consideration on L1 synchronization
Document for:
Discussion
1 Introduction

In e-UTRA, the uplink L1 synchronization may be maintained by transmitting Timing Advance message from e-NB to UE [1]. However, in WG1, there has been little discussion on the way to estimate timing difference for LTE_ACTIVE UEs. 
This paper introduces an example of timing-estimation algorithms to maintain uplink L1 synchronization for the active UEs that exchange traffic with eNB.

Detailed status in LTE_ACTIVE 
The L1 synchronization is important for UEs in LTE_ACTIVE. If UE is in LTE_ACTIVE looses L1-synchronization, the following adverse effect can be expected.

- The UL signals can give interference to a previous subframe or a following subframe.

- The timing mismatch can give interference to adjacent subcarriers

- For own signals, there can be some distortion due to the lost portion of signals. 

To overcome such adverse effect, some signals should be exchanged between UE and eNB periodically and the UE Tx timing should be adjusted. According to the results in Appendix section, UE should send the signals for L1-synchronization within every 0.54 second to maintain uplink synchronization at 500Km/h speed. If the number of LTE_ACTIVE UEs in a cell increases, the traffic of signals becomes burden for system design. So, the efficient way for UE in LTE_ACTIVE to maintain L1 synchronization should be discussed.

Prior to describing how to maintain L1 synchronization, we should consider the detailed LTE_ACTIVE states since the maintaining ways may be somewhat different according to the detailed states.

According to the current specification of 25.813, LTE_ACTIVE status can be classified into three states as shown in figure 1. Firstly, as (1) in figure 1, the general state of LTE_ACTIVE is exchanging traffic with eNB. After fully exchanging the requested traffic with eNB, UE maintains such active state for a while to send Scheduling Request quickly if additional traffic occurs, which is shown as (2) in figure 1. If UE is in (2) state for a long time, RRC connection should be released and then the UE goes to LTE_IDLE state.
This document will focus on the state (1) and examine the possibility to estimate the timing difference between the received traffic signals and FFT windows at eNB. 
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Figure 1 : The detailed states of LTE_ACTIVE state. 
Blind timing estimation method
In the state (1) in figure 1, UE is exchanging traffic with eNB. In this case, the pilot signals are always transmitted if uplink resource for the UE is scheduled, and eNB can blindly estimates the timing difference between received signals and FFT window from the received pilots. 
To examine such possibility, we have simulated the timing estimation processes with the parameters in table 1. We assumed the timing estimation is performed with just one UL SCH SB for pilots and 1 received antennas since it shows the worst case for estimation. In addition, there is no other pilot interference except the pilot signals of a desired UE. To help understanding, the brief timing-estimation processes are shown in figure 2.The pdf and cdf of simulated timing-estimation errors are shown in figure 3 and figure 4. 
Table 1 : The parameters and assumptions of simulations

	System BW
	1.25MHz

	Pilot SB, CP
	7 samples

	Pilot SB, SB except CP
	64 samples

	Pilot code
	Zadoff-Chu CAZAC

	Pilot code length
	11 chips for 375K resource allocation (figure 3)
37 chips for 1125K resource allocation (figure 4)

	Other subcarrier traffic except pilots
	None

	Observation symbols
	Just one SB duration

	Oversampling
	None

	Pilot user multiplexing
	None

	Received pilot timing distribution
	Uniform (0~CP length), sample resolution

	Channel
	TU1

	Rx antenna
	1

	Simulation time
	100000 times

	Open loop power control
	Just compensate path-loss and shadowing term
(no compensation for Rayleigh fading)
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Figure 2 : The block diagram of timing estimation processes. 
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Figure 3 : The pdf and cdf of timing estimation errors (375K resource allocation)
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Figure 4 : The pdf and cdf of timing estimation errors (1125K resource allocation)

According to the results in figure 3, the one-shot estimation values with 11-chip CAZAC sequences are within a half of CP duration by over 70% even -3dB Es/No regions. If the allocated BW increases to 1125K, 37-chip CAZAC pilots, the estimation accuracy increases greatly.
On the other hand, we can expected some additional estimation-performance improvement due to following reasons

- Open-loop power control may compensate the low-velocity fast fading
- Actually, the allocated UL SCH has two SB. If combining, the estimation can be improved.
Since such UL SCH blocks are received periodically by scheduling processes, eNB can performs tracking processes with the estimated timing values. In addition, the reliability methods for estimated processes, we believe the wrong estimation values can be erased successfully. 

In those regards, we can say it is possible to track the timing difference from the received pilot signals. So, for UE exchanging traffic with eNB, eNB can blindly estimate the timing difference without additional random-access signalling, and send Timing Advance message to UE if necessary.
Concluding remarks
In this document, we suggest one approach to solve the traffic burden for maintaining UL L1 synchronization. 
* For UEs in LTE_ACTIVE and exchanging traffic with eNB, eNB blindly estimates the timing difference between received signals and FFT window from the received pilots. If the timing adjustment is required, eNB sends Timing Advance signals to UE 

Of course, we should find another way for UEs in LTE_ACTIVE without traffic to maintain L1 synchronization, but which is the out of scope for this paper. 
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Appendix
If the maximum timing margin for L1-synchronization is just CP duration, we can calculate the required period of synchronization RACH. 

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 A.1. 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 A.2, the effective timing margin is separated into two portions as shown in figure A.1.
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Figure A.1 : Calculating the effective timing margin
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Figure A.2 : 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.

















































































