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1 Introduction
This contribution is a slightly revised version of R1-063266 for the last RAN1#47 meeting in Riga, with the main proposals kept as it is. Regarding the uplink timing control, we show our view on the following issues:
· Adjustment step

· Update rate

· DL channel for conveying the adjustment information
· UL channel for estimating the UL timing
In the RAN1#46bis meeting in Seoul, the papers [2]-[6] discussed the issue without being treated due to lack of time. It is quite obvious that RRC-idle UEs are not needed to be UL time synchronized. Asynchronous RACH procedure, as depicted in [1], is used to achieve the UL timing synchronization for the RRC-idle UEs. Hence, the discussions below are focused on the UL timing control for RRC-connected UEs.
2 Timing control in active state
Adjustment step and update rate

In order to maintain orthogonality between the UL SC-FDMA signals from multiple UEs, the signals should be synchronously received at eNB, i.e., the boundary of the CP and useful symbol interval for each UE’s signal must be located inside the FFT window of the Node B receiver. This means that in frequency non-selective channels, timing margin for the UL time synchronization becomes the length of CP. However, in frequency selective channels, the available margin for the UL time synchronization should be much less than the CP length in order to allow the delay spread of the received signal.

The UL timing adjustment for each UE should be constantly made due to the mobility of each UE and the oscillator offset between the UE and Node B. In WCDMA, the UE modulated carrier frequency must be accurate to within ±0.1 PPM in reference to the carrier frequency received from the Node B. Then, Doppler due to the UE’s mobility becomes more critical factor in jittering of the UL timing as shown below:

· Effect of Doppler: when a UE moves with 350 km/h, the timing drift, mainly caused by tracking of Doppler in the UE, becomes around ±0.64 s per second. 
· Effect of oscillator offset: assuming the maximum oscillator offset of ±0.1 ppm, the maximum timing drift is ±0.1 s per second. 
Considering these values, the update rate of 500 ms with ±0.5 s resolution should be acceptable, as confirmed by simulations in [2]. Also, considering erroneous events in the timing measurement and command, and unexpected abnormal radio conditions, the adjustment value should be allowed to be some multiples of ±0.5 s, e.g. \, 0, ±0.5 s, ±1 s, ±1.5 s.
Regarding the update rate, it is noted that majority of active UEs will not need to update the timing so frequently. That is, the update rate of every 5 second would be sufficient to stationary and slowly moving UEs. Thus, rather than updating the UL timing regularly for all the UEs, we would prefer making the timing adjustment on per need basis.
Proposal

· Update minimum resolution: ±0.5 us
· Update rate: on per need basis
DL channel for conveying the adjustment information

As stated in the previous section, the required timing update rate will be different depending on each UE’s mobility and oscillator accuracy, etc. Thus, the shared channels such as DL-SCCH(shared control channel) and DL-SDCH(shared data channel) can be good candidates for conveying the timing adjustment information by Node Bs since the channels are shared between UEs and can be transmitted to a specific UE only when it is needed. Comparing the two approaches, including the adjustment information in DL-SCCH may complicate the DL-SCCH structure and make L1 resource wasted when the adjustment information does not need to be transmitted to the scheduled UE. With using DL-SDCH, the above problems may be avoidable.
Proposal

· DL channel for conveying timing adjustment information: high layer signaling or L2 signaling
UL channel for estimating the UL timing

In UL, actives UEs would regularly transmit UL channel sounding RS and/or CQI channels. These channels, at least UL channel sounding RS, would be transmitted over a wide band of at least 1.25 MHz bandwidth, and thus can be utilized in the UL timing measurement for each UE. Thus, we would not need to send any additional channels for measuring the UL timing, at least for active UEs. Since the Node B is aware of when to receive the UL RS and CQI channels from each UE, the Node B will be eligible of utilizing most of the UL RS and CQI channels in the UL timing measurement. By the way, depending on the design of UL channel sounding RS and CQI, e.g., in case that CQI is transmitted within a narrow band located at the left or right edge of the UE transmission band [7], it may occur that neither of the two channels is available for the UL timing measurement. Also, the CS RS from some of cell edge UEs might fail in guaranteeing reliable estimation of the timing offset at the Node B. Whether to utilize synchronous RACH in such cases is FFS.
Proposal

· UL channel for timing measurement: UL channel sounding RS, FFS for synchronous RACH
3 Timing control in dormant state

UEs in dormant state receive and send signals only in the pre-assigned DRX and DTX interval. This means that no signal can be received or sent except for at the wake-up time. Thus, the UL timing for dormant UEs can be lost depending on the DRX/DTX period and/or the UE operation in the wake-up. The maintenance of UL timing for dormant UEs would require reduction in the UE’s wake-up period and transmission of a wideband channel for the UL timing measurement in the DTX wake-up, possibly resulting in a significant increase in power consumption and resource overhead. 
4 Conclusion
Based on the discussions above, we would propose to take the followings as baseline principle for the UL timing control for RRC-connected active UEs:

· Update minimum resolution: ±0.5 us
· Update rate: per need basis
· UL channel for timing measurement: UL channel sounding RS, FFS for synchronous RACH
· DL channel for conveying timing adjustment information: high layer signaling or L2 signaling
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