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1. Introduction
In the current state of the E-UTRA specification, a UE is uniquely identified in a cell by its C-RNTI. This is a 16-bit ID which is delivered to the UE by L2/L3 layer when entering the RRC CONNECTED state [1]. The need for such large field is justified at L2/L3 level [3], but costs a significant overhead when considering UL/DL control signalling. As a result, a concern was raised that a reduced UE ID would be needed to maintain an efficient control signalling scheme in E-UTRA [4]. The solution proposed in this contribution simply exploits the fact that only those UE’s that are UL synchronized can be scheduled, and can benefit from a reduced UE ID. Other camped or dormant UE’s do not need any. As a result, we also propose some rules to monitor the synchronization status of the UE’s.
2. UL Synchronization management

A tight UL synchronization is required for a UE to transmit on the SCH. It is assumed that the Node B can monitor and maintain the UL synchronization of UE’s with scheduling grant(s) based on their on-going UL transmissions on the SCH. For UE’s without scheduling grant, there are two possibilities:

1. The UL synchronization is maintained through periodic non-synchronized Random Access [6][7] (NSRA) transmissions

2. The UL synchronization is not maintained

We propose that both possibilities are supported depending on the QoS of the UE. 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 UL resource is needed by the UE. The UE automatically exits from the synchronization state if the elapsed time since the last UL transmission exceeds a time out. Since both UE and Node B implement this time out, no explicit signaling is required from either side to monitor the synchronization state of each UE.

For those UE’s 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 UE’s (500km/h) was addressed in [9] and resulted in a worst-case synchronization period of ~0.5s. For those UE’s maintaining their UL synchronization, this delay can be dynamically monitored by the Node B to control the number of UE’s in UL synchronized state. As a result, both delays are different and are broadcasted on the BCH.
It should be noted that, for UE’s without scheduling grant, the difference between the (UL) synchronized state and non-synchronized state is the procedure used to reqUE’st new resource:

· synchronized UE’s use the synchronized Random Access (SRA) procedure [10]
· non-synchronized UE’s use the NSRA procedure [8]
The main difference between both procedures is that, because it carries the reduced UE ID on the preamble (Section 3), the SRA is a non-contention based channel whereas the NSRA is a contention-based channel, which leads to a less robust and larger latency procedure due to collisions.
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Figure 1: Synchronization states

3. Reduced UE ID

The worst-case number of active UE’s per cell is given by the maximum VOIP capacity: 400 UE’s per 5 MHz per cell [11]. As a result, at a given time, at most 1600 UE’s can be scheduled in 20MHz, which gives the maximum length of the reduced UE ID: 11 bits. However, this is an upper bound since the UE ID length reduces with the system bandwidth down to 9 bits in 5 MHz. Even with 11 bits we already save 5 bits per UE compared to the C-RNTI. For example, if 12 UE’s are scheduled in 10 MHz, this yields 60 more bits available when joint coding is the coding scheme used for DL control signaling information [2].
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Figure 2: Synchronization states and reduced UE ID concept

The benefit of the reduced UE ID non-only is the savings on the control signalling overhead, but as important, it allows all UL synchronized UE’s to send new resource requests with the SRA in a non-contention manner. Indeed, the preamble-based SRA slot allows carrying 9 bits of information on the preamble in 1.44MHz, with a reduced overhead (2.9%) [13], which, if mapped on the reduced UE ID, allows addressing 512 UE’s without any collision. One such slot is enough per 5 MHz scheduling bandwidth.
The reduced UE ID is allocated to the UE as soon as it enters the UL synchronization state (e.g. following a successful NSRA attempt). It is automatically released as soon as the UE exits the UL synchronization state. It should be noted that, since no explicit signaling is required from either UE or NodeB during the transition from UL Synchronized state to UL Non-Synchronized state (Section 2), then no signaling is required either to release the reduced UE ID.

Finally, this UE ID reduction method inherits its simplicity from its link to UE’s UL synchronization state, but is not exclusive and more complex methods can be further implemented on top [5].
4. Conclusion

We proposed a simple method to reduce the length of the UE ID field used by both UE and Node B to exchange control signaling information. The benefit is the reduced overhead of control signaling and a more robust physical channel for scheduling requests.
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