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1. Introduction
In the ad-hoc meeting in Cannes, it was clearly recognized that one issue to be further discussed is how to maintain timing synchronization of the UE in RRC_CONNECTED state [1]. In [2], it is investigated which type of physical channel is suitable for that purpose, contention based or schedule based. This contribution lists the candidates of physical channel on both uplink and downlink for the timing synchronization and discusses their characteristics. We assume that initial establishment of timing synchronization is done by non-synchronized RACH procedure. In this document, therefore, we focus on the timing synchronization maintenance after the establishment.
2. Candidates of Physical Channel
In the following, we list the candidates of physical channel for the timing synchronization maintenance.
2.1. Uplink physical channel
On uplink, NodeB measures the timing difference between its own timing and receive timing of uplink channel sent by UE. The following channels are candidates.
(1) Synchronized RACH

This channel may be used for timing synchronization as well as for scheduling request because the time-frequency resource may be allocated periodically. However, the channel may be contention based channel so that the measurement of timing difference is not accurate. Misdetection of the channel impacts on the accuracy as already mentioned in [2].
(2) CQI feedback channel

The UEs in RRC_CONNECTED state are at least allocated the time-frequency resource for CQI report and the resource may be allocated periodically. Therefore, this channel can be used for timing synchronization. We assume that CQI is sent with ten- or hundred-millisecond order so that it is no problem to maintain the timing synchronization. Note that it was summarized in [3] that timing advance (TA) has to be updated with about 0.5s. On the other hand, if the CQI report is done with on-demand manner, this channel is not suitable for timing synchronization. This is because of a possibility that an interval of successive two CQI reports may exceed 0.5s even in RRC_CONNECTED state although on-demand manner is not clearly defined yet. Also, this channel can’t be used in the case that there is no data transmission on downlink which doesn’t need CQI report. The case happens when the UE sends uplink data only. Finally, the bandwidth of this channel may be narrow so that the measurement accuracy is questioned.
(3) Sounding reference signal
Sounding reference signal is sent by UE for CQI measurement, i.e., for uplink scheduling even if the UE has no data to send in an instant. The timing of sending this reference signal may be periodically scheduled. Therefore, this signal can be also used for timing synchronization. We assume that this signal is sent with ten- or hundred-millisecond order so that it is no problem to maintain the timing synchronization. Also, the bandwidth of this signal may be wide so that the measurement accuracy may not be problem. However, if this signal isn’t requested to send for scheduling, it is not suitable for timing synchronization. The case may happen when the UE receives downlink data only or when the UE doesn’t have data to send for short time exceeding 0.5s. Even in the case, timing synchronization on uplink is needed for sending CQI, ACK/NACK and so on for downlink data transmission.
The discussion above is summarized in the following table.
Table 1: The list of uplink channel candidate

	Channel
	Characteristics

	Synchronized RACH
	- Already exists and be periodic.

- Contention based channel leads inaccuracy of timing measurement.

	CQI feedback channel
	- Already exists and maybe periodic and schedule based.
- It may not be suitable when CQI report is done with on-demand manner.

- It is not suitable when the UE sends uplink data only.
- Bandwidth may be narrow.

	Sounding reference signal
	- Already exists and maybe periodic and schedule based.
- It is requested to send this signal for scheduling even if the UE has no data in an instant.
- It is not suitable when the UE receives downlink data only.
- Bandwidth may be wide.


It is preferable to use the schedule based channel when we consider reliability. Also, the periodic transmission makes it easy to use a beneficial binary timing-control command which is mentioned in [4, 5]. Finally, if we consider the bandwidth of channels from the measurement accuracy point of view, it is better to use sounding reference signal under the condition that it is sent periodically.
2.2. Downlink physical channel
On downlink, NodeB sends a TA command according to the measurement result. The following channels are candidates.
(1) L1/L2 control signaling channel
NodeB can at any time use this channel for sending data-associated control information or data-non-associated control information. Also, UE in RRC_CONNECTED state always receives this channel. Therefore, it seems that it is reasonable to use this channel for TA command. If this command is sent frequently, it may be problematic because this channel can’t have enough capacity for the original purpose [4]. However, when we consider the slow update period 0.5s, it should not be the problem.
(2) Higher layer signaling
The command is informed by higher layer signaling on downlink shared channel. There is a command delay compared to L1 signaling. However, it doesn’t impact on adjustment of the timing. Therefore, this can be another solution.

(3) Specific channel for TA

This is possible. However, it seems that there is no advantage compared to using L1/L2 control signaling channel. Also, defining TA command as one of L1/L2 control signaling is equivalent to create specific channel.

The discussion above is summarized in the following table.

Table 2: The list of downlink channel candidate

	Channel
	Characteristics

	L1/L2 control signaling channel
	- Already exists and be in every subframe.

- UE in RRC_CONNECTED state always receives this channel.

	Higher layer signaling
	- This can be another solution.

	Specific channel (new channel)
	- Possible to define.

- No advantage compared to using L1/L2 control signaling channel.


It is preferable to use L1/L2 control signaling channel or higher layer signaling.

3. Conclusion
We discussed the candidates of physical channel for timing synchronization maintenance. Those channels are listed on uplink and downlink respectively and their characteristics were shown. We should select the channel for timing synchronization maintenance based on the discussion here. Our preference is as follows.

· For uplink (timing measurement), sounding reference signal under the condition it is sent periodically.

· For downlink (TA command), L1/L2 control signaling channel or higher layer signaling. In case of L1/L2 control signaling, it is FFS how the TA command is coded with other information, i.e., separate coding or joint coding.
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