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1 Introduction

In the LTE UL, transmissions from different UEs need to be time-aligned to maintain orthogonality.

In the initialization phase, the UE will first acquire the DL timing and then it derives the initial UL timing for RACH from this DL timing and received system information. The eNodeB estimates the UE’s UL timing and transmits an adjustment command as part of the access grant message. This initial UL timing adjustment has been studied, e.g. in [1].

After the initial timing adjustment in the RACH procedure, UE’s timing may still drift due to reasons such as UE mobility and multipath environment. Therefore, continued adjustment is needed to maintain timing alignment. Several aspects need to be clarified for the continued timing adjustment:

· Timing offset tolerance (i.e., resolution for the adjustment)

· Rate of adjustment and Feedback control loop, e.g., 

· periodic feedback (how fast) or on-demand feedback

· feedback information format, 1 bit up/down or multiple bits

· Implementation aspects

2 Resolution for Timing Adjustment

In [1] and [2], a 1us timing resolution is assumed. In [3], a 0.52us timing resolution is suggested based on study for scenarios covering certain modulation and resource allocation schemes and TU channel models. 

Acceptable timing resolution depends on many factors including the multipath profile. LTE, as in any other OFDM based systems, relies on the CP to avoid inter-symbol interference due to multipath fading. When timing resolution is considered, a goal should be that the additional timing uncertainty due to the resolution does not noticeably reduce the “effective” CP.  

Timing mis-alignment may result in inter-symbol interference for a particular user and interference among the users due to loss of orthogonality. For a receiver with a common FFT window, both inter-user interference and self-interference are present. For a receiver with multiple FFT windows, self-interference may be reduced or eliminated, but inter-user interference cannot be avoided.

With perfect timing, the system can tolerate a multipath channel with delay spread equal to the CP length without performance degradation. Let us assume a uniform multipath delay profile with a delay spread equal to the CP length. Now, assuming perfect timing estimate, a 0.5us timing offset results in about –34dB self ISI, while a 1us timing offset results in –27dB. Both of them are small. However, with an additional 0.5us timing estimate error, 0.5us timing offset results in –27dB ISI and a 1us offset results in –24 dB ISI. A -24dB ISI may cause non-negligible performance degradation for high order modulation users. For other types of propagation channels, ISI from a 1 us timing offset may be even bigger. 

Inter-user interference depends on resource allocation and user power difference among others. However, the FFT operation provides some additional suppression and, thus, it is often less problematic than the self-ISI except when the users’ receive powers are significantly different.

Based on investigation of simple scenrarios, it is suggested to have an accuracy of the timing adjustment of 0.52us, corresponding to 1 sample at the smallest nominal sampling rate of 1.92 MHz as defined in TR25.814.

3 Update Rate and Feedback Loop

Usually a closed loop adjustment scheme is employed whereby the Node B measures the UL timing and feeds back a timing adjustment command to adjust the UE’s uplink timing. The related issues are how fast the feedback loop is executed and what format the feedback is, e.g. 1 bit or multiple bits.

The update rate depends on how fast the UL timing changes. [1], [2] and [3] all show that UL timing change due to movement is no more than 0.3us per second and thus, updating the timing once every second or once every few seconds may be sufficient. However, when considering corner effects of the propagation channel, timing updates need to be chosen faster as indicated in [3]. 

A UE may be go through several “scatter visibility regions” [6] as it travels in a cell and experiences sudden timing change due to the sudden occurrence and disappearance of a multipath instead of steady timing skewing due to movement. Note that the sudden change of the multipath environment does not necessarily increase the average rate of the adjustments significantly, rather, it makes the adjustment unpredictable, and less evenly spaced in time.

Therefore, the following timing adjustment is suggested:

· On-demand TA feedback instead of periodic feedback due to the uncertain multipath changes

· TA feedback shall be quick enough when it is needed (an UE execution delay may be specified) 

· TA feedback should consist of  multiple bits, e.g. 3 bits, instead of 1 bit only for up/down

4 Implementation Aspects

In this section, we discuss implementation aspects similar to the ones in [4] and [5].

4.1 State for maintaining UE UL timing alignment

UL timing should be able to be adjustable by the eNodeB for UEs in RRC connected mode, which was also suggested in [4].

4.2 UL Timing detection

UL timing can be estimated whenever the UE is transmitting, e.g., from CQI feedback, reference symbols and user data from the UE, or synchronized random access. It is not required to specify the a UL channel used for UL timing detection.

4.3 Transmission of TA command on the DL

For UE with dormant RRC, TA can be carried in the response to synchronized random access from the UE or sent via a high layer message.

For UE with active RRC, we refer to some more detailed discussion in [5]. It is suggested to include TA as an optional component in the L1/L2 control signaling,.
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