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1. Introduction
A tight UL synchronization is required for a UE to transmit on the UL-SCH. In the absence of any UL traffic transmissions, a UE has a choice to either maintain UL synchronization or let itself be unsynchronized. A balanced approach to this problem should consider the latency benefits of maintaining synchronization versus the capacity benefits of not maintaining synchronization. In this contribution, we propose some rules on maintaining the synchronization status of the UEs based on the type of traffic they are serving.
2. UL Synchronization management

It is assumed that the eNodeB can monitor and maintain the UL synchronization of UEs with scheduling grant(s) based on their on-going UL transmissions on the Physical Uplink Shared Channel (PUSCH). For UEs without scheduling grant, there are two possibilities:

1. The UL synchronization is maintained

2. The UL synchronization is not maintained

We propose that both possibilities are supported depending on the QoS of the UE’s Radio Bearers. For example, time-critical types of traffic, such as gaming or VOIP would maintain their UL synchronization whereas non-time-critical types of traffic such as FTP/HTTP uploads would not. For each case, the synchronization state has a finite duration if no higher layer UL transmission is done by the UE. The UE automatically exits from the synchronization state if the elapsed time since the last higher layer UL transmission exceeds a time out. Since both the UE and the eNodeB implement this time out, no explicit signaling is required from either side to monitor the synchronization state of each UE.

Timeout for UEs not maintaining UL synchronization

For those UEs not maintaining their UL synchronization, this delay simply corresponds to the duration beyond which they may have moved away from the UL system time to an extent that UL transmission on the SCH is no more possible. As an example, the synchronization requirement of high speed UEs (500km/h) was addressed in [1] and resulted in a worst-case synchronization period of ~0.5s. For the sake of reference, let us call this timeout Ts.

Secondary timeout for UEs maintaining UL synchronization

UEs maintain their UL synchronization through either the Non Synchronized Random Access (NSRA) or the Synchronized Random Access (SRA) proposed in [2]. UEs that aim to maintain their UL synchronization should attempt to repeat the (N)SRA procedure in the absence of other UL transmissions, at least once every Ts time (see above). However, even for UEs with time critical traffic that attempt to maintain UL synchronization, the process should be aborted after some time if there is still no UL traffic to transmit. This longer timeout is the time after which the UEs with time critical traffic get into the unsynchronized state if no traffic arrives in their buffers. For such time critical UEs maintaining their UL synchronization, this delay can be dynamically monitored by the Node B to control the number of UEs in UL synchronized state. For the sake of reference, let us call this timeout Tcs.

Note that Tcs will be longer than Ts which depends solely on the maximum expected speed of UEs in the cell.
For UEs without scheduling grant, the difference between the (UL) synchronized state and non-synchronized state is the procedure used to request new resource (or send any other autonomous request): non-synchronized UEs use the NSRA procedure while synchronized UEs can use a more efficient transmission scheme, not penalized by the large delay uncertainty accounted for in the NSRA.

3. Conclusion

We proposed that timing synchronization in the UL be maintained in UEs based on the QoS characteristics of their traffic. Only UEs with time critical traffic maintain UL synchronization in the absence of other UL transmissions; and they abort such maintenance if no UL traffic arrives within another timeout.
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