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1
Introduction

This contribution describes the timing control for UL transmissions in E-UTRA. 
2
E-UTRA UL Timing Control
In E-UTRA UL, transmissions among UEs need to be aligned carefully so that the system orthogonality is maintained. 

On initial wake-up UE first detects a cell and acquires timing and synchronization through SCH. The UE goes on to demodulate BCH and reads the system information. Once the UE knows the system parameters it is ready to access the system by sending access probes on RACH. The Node-B transmits an access grant message on the DL after successfully detecting an access probe. The access grant conveys the uplink resource assignment and uplink timing adjustment to the UE.

The UL transmission timing uncertainty within a cell dictates the number of bits needed for timing control. Assuming N bits are used for timing control, the maximum cell radius R must fulfill the following inequality:
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where 
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 is the resolution duration and C is the speed of light.
In Table 1 we illustrate the relationship between the number of bits used for timing control and maximum supportable cell radius assuming a 1us resolution. 
Table 1: Supportable cell radius as a function of the number of timing control bits – 1us resolution 
	Number of bits for timing control
	11
	10 
	9 
	8
	7
	6

	Cell Radius (km) 
	307.2
	153.6
	76.8
	38.4
	19.2
	9.6


With the same number of bits the maximum supportable cell radius is proportional to resolution duration. Given that the current CP length is on the order of 5us, sufficient timing adjustment can be provided by 1us resolution. 
Increasing the number of bits would increase the coverage area at the expense of system overhead. From Table 1 it can be seen that with 9 bits a cell radius up to 76.8Km can be supported. 

An access grant message is used to acknowledge an access attempt by a UE. This message can be mapped to the PHY channel for transmitting L1/L2 control information [1]. We propose using the access grant to carry the initial timing adjustment. When the UE has acquired UL synchronization the timing update is sent in-band on DL SDCH.

An absolute upper bound on the timing update needs to be considered. Assume UE is moving with 350km/h, a timing adjustment on every 1 second implies less than 650ns timing offset. This is significantly less than the CP duration. In case the UE has not received the timing information after the maximum period, UE goes back to non synchronized mode.  
3
Summary

In this contribution we discussed the timing control for UL transmission in E-UTRA. We recommend making the following decisions:

· Initial adjustment is sent on the access grant (response to the RACH)
· 9-bit initial timing control to provide sufficient timing coverage

· The timing update after the UE acquires UL synchronization is sent in-band on the DL-SDCH and the update can be on the order of once every 1 second
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