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1. Introduction
The initial discussion on the uplink timing control in E-UTRA took place during the RAN1 #47bis Sorrento meeting and some initial agreements were derived. However, there are several remaining issues that need to be determined. This contribution briefly presents our views on remaining issues on uplink timing control in E-UTRA.
2. Remaining Issues on Uplink Timing Control for E-UTRA and Our Views
2.1. Uplink Physical Channels for Received Timing Measurement
The current agreements on the uplink physical channels for the received timing estimation of various UE statuses are stated below.

· For non-synchronized UE: Non-synchronized RACH preamble

· For synchronized UE with data to transmit: Node B implementation specific

· For synchronized UE without data to transmit: FFS

Our preference on the uplink physical channels for timing estimation of synchronized UEs without data to transmit is a sounding reference signal [1]. The required interval of the uplink timing control is very slow. Therefore, periodic measurement of the uplink timing is sufficient. We prefer employing a scheduled channel such as the sounding reference signal or channel quality indicator (CQI) bits for uplink timing measurement [2]. Between these two candidates, we recommend using the sounding reference signal because accurate timing measurement is achieved due to wideband transmission, whereas CQI information is transmitted using a narrow band from the exclusively assigned radio resources.
To achieve the required level of uplink timing control accuracy, the transmission time interval of the uplink sounding reference signal may be adaptively controlled by the Node B based on the mobility of the respective UE.


When the UE continues the status without data both in the downlink and uplink for the duration of a predetermined timer, the UE goes back to the non-synchronized status and re-starts from the non-synchronized RACH transmission to avoid unnecessary signaling overhead to maintain synchronization (See Fig. 1).
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Figure 1 – Timing control procedure
2.2. Physical Channel for Timing Control Command Transmission in Downlink

(a) Initial acquisition mode

For the case in the initial acquisition with a non-synchronized RACH, we assume that we have already agreed on the use of RACH response for conveying the initial timing control command.

(b) Tracking mode

In the tracking mode after the initial acquisition, we consider two alternatives for timing control command transmission: in-band signaling using a part of the MAC control block of the downlink shared data channel [1],[3 - 5] and L1/L2 control signaling using a modified scheduling grant [6 - 9]. Both achieve per-need-type transmission of the uplink timing control command to prepare for possible decoding errors. 

However, if we transmit the uplink timing control commands in the L1/L2 control channel (out-band signaling), the UE ID should be appended to the uplink timing control commands and this increases the overhead. Furthermore, to avoid false timing control based on erroneously decoded uplink timing control commands, a cyclic redundancy check (CRC) bit should be appended. It may be noted that these overhead should be considered significant especially for persistently scheduled UEs. Therefore, we prefer to transmit uplink timing control commands as a part of the MAC control block of the downlink shared data channel (in-band signaling). In-band signaling should be more efficient than L1/L2 control signaling considering the long required transmission interval properties when transmitting the uplink timing control commands.

2.3. Number of Bits for Uplink Timing Control Commands

(a) Initial acquisition mode

We assume that the response to the non-synchronized RACH mapped onto the downlink shared data channel contains a relatively large number of timing control command bits to compensate for the received timing offset due to the distance between the cell site and the UE. From [10], a 7-bit timing control command is sufficient to support an ISD of up to approximately 10 km. Therefore, we assume that a 7-bit timing control command can support most of the normal cell deployment with some margin. To support an extremely large cell (ISD greater than 20 km), the necessity to define an additional RACH response format having a larger number of timing control command bits than 7 is FFS.
(b) Tracking mode

In the tracking mode, we assume that the minimum required number of timing control command bits should be one. However, to achieve robust timing control and flexible transmission of the timing control command (at the cost degradation in accuracy of the synchronization), a small number of multiple timing control command bits such as 2 or 3 may be beneficial. Therefore, our view is that the number of the timing control command bits in the tracking mode should be less than 3.
3. Conclusion

This contribution presented our views on the remaining issues related to the uplink timing control in E-UTRA. A summary is given below. 

· For synchronized UEs without data to transmit, a periodically-transmitted sounding reference signal should be used for received timing measurement
· Uplink timing control commands in the tracking mode should be conveyed as a part of the MAC control block (in-band signaling)
· The basic number of timing control command bits should be approximately 7 and less than 3 for initial acquisition mode and tracking mode, respectively.
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