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1
Introduction

Discussion for the necessity of maintaining uplink synchronization throughout the RRC_CONNETCTED state for LTE has been brought up (e.g. [1]). In this document, we would like to present our view regarding this issue.
2
Discussion

2.1 Uplink synchronization in RRC_CONNECTED state
To maintain uplink synchronization is effective from the viewpoint of u-plane latency since data can be transmitted at any time without re-synchronization delay. Meanwhile, efficient battery saving (DTX/DRX) is also an important factor. Whether the loss of uplink synchronization in RRC_CONNECTED state can be allowed is a trade off between the low latency requirement and the impact on the battery saving. Then, it is important to consider service type (traffic type) and its QoS requirement. Typical example of traffic type where uplink synchronization is required is real time traffic including VoIP. On the other hand, an example of traffic type where uplink synchronization is not necessarily required is a bursty traffic such as web-browsing. Hence, it is necessary to judge the necessity of synchronization maintenance based on the QoS class of the radio bearer being offered at that time.
2.2 Issues that needs to be clarified
In this section, the issues that need to be clarified for uplink synchronization control (e.g., procedures for maintaining /recovering uplink synchronization, etc.) are shown.
Required functions for MAC and RRC
We look at additional functions required for MAC and RRC layer.
It is necessary for MAC (packet scheduler) in eNB to recognize if the uplink synchronization is maintained or not in order to resume downlink transmission. If the MAC sub-layer assumes the uplink synchronization is lost after a long DTX period, it will invoke the Timing Advance procedure to make sure that it can receive the HARQ-Ack when the packet scheduler resumes downlink transmission. The MAC sub-layer also has to detect and recover the mismatch of the status of synchronization between the eNB and the UE. It is also necessary for RRC in eNB and UE to signal the PHY layer the need for maintaining uplink synchronization according to the type of QoS class of the radio bearers and the related parameters.
Criteria for uplink synchronization loss estimation
It is necessary for both eNB and UE to estimate whether uplink synchronization is kept or not in order to decide the necessity of the Timing Advance procedure which is conducted prior to resuming downlink/uplink transmission, respectively. Therefore, criteria for estimating uplink synchronization status needs to be clarified.
For eNB, it is thought that the elapsed time since last transmission of Timing Advance is a criterion for the judgment of the uplink synchronization loss. That is, a timer is invoked with the transmission of the Timing Advance and the eNB assumes that uplink synchronization is not guaranteed any longer by the expiration of the timer. It is also thought that the elapsed time since last reception of the Timing Advance is a criterion for the judgment of the uplink synchronization loss for UE. Figure 1 shows the expiration of the timer and Timing Advance procedure followed by the new data transmission after long DTX period. After the expiration of the timer, Timing Advance procedure is always signaled before the new data transmission.
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Fig.1: Criteria for uplink synchronization estimation loss.
Although appropriate value of the timer will be determined by the supportable velocity of the UE, the length of guard interval, and so on, it will be approximately several hundreds of msec in current assumption at RAN1/2 joint meeting. The timer value will be signaled by RRC.
Procedure and signals used for maintaining uplink synchronization
If a connection between eNB and UE has a radio bearer which needs to keep uplink synchronization, a procedure for maintaining uplink synchronization should be performed. The procedure comprises of two steps. The first step is a measurement of the received timing difference between eNB and the UE by using uplink signal. And eNB sends a measured Timing Advance in the second step. The measurement and the indication of the Timing Advance can be done periodically or by event triggering. The former is done periodically with the configured interval. Meanwhile, the latter is done if a certain condition (e.g. the detection of the rapid increase of the velocity for the UE) is met. Event triggered approach may reduce the measurement frequency of the Timing Advance. On the other hand, since accurate detection of mobility is required for event triggered scheme, frequent velocity estimation by the eNB or by the UE is necessary. This results in frequent uplink signal transmission for the velocity estimation or reporting of the estimated velocity from the UE. For those reasons, periodical approach is preferable. The period for the Timing Advance measurement should be equal or shorter than the timer value configured for the estimation of the loss of the uplink synchronization. The UE needs to be configured to transmit uplink signalling periodically so that the eNB can measure the periodical signal. Following signals can be used for the measurement of the timing advance from their potential periodical nature.

- CQI report (periodically scheduled L1/L2 control channel)
- Persistently allocated radio resource (e.g. RUs allocated radio bearer carrying VoIP traffic)
Procedure and signals used for recovering uplink synchronization
If eNB or UE assumes the uplink synchronization is lost, Timing Advance procedure is necessary when resuming data transaction. For the downlink transmission to resume, the uplink re-synchronization procedure requires 3 steps as shown in the fig 2 (a). In the first step, the eNB transmits a request for the transmission of “UL sync request” over L1/L2 control channel. Then, the UE sends UL sync request to the eNB over non-sync RACH in the second step. Finally after the measurement of the timing advance, eNB responds with Timing Advance to the UE in the third step. Meanwhile, for the uplink transmission to resume, as shown in the fig 2(b), the first step in the fig 2(a) is not necessary.
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Figure 2: Uplink re-synchronization procedures
Impacts on re-synchronization latency
It is thought that an additional latency increase due to non-sync RACH procedure would be negligible compared to the latency requirements for delay tolerant traffic. Therefore there will be little impact on re-synchronization latency 
3
Proposal

We propose to discuss the issue and to share a common view within the RAN2 working group.
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