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1. Introduction

The LTE uplink is orthogonal and the Node B scheduler is responsible for allocating resources among UEs having data for transmission. To maintain uplink orthogonality among UEs, both frequency and time synchronization of the signal transmitted from the UEs are needed

Frequency synchronization can be achieved by the UE locking its local oscillator to the downlink signals. The remaining frequency misalignment as the Node B is due to Doppler, which is the same situation as for scheduled data transmissions and requires no further consideration.

Time synchronization when the UE is transmitting can be achieved by the NodeB measuring on the received signal and sending timing advance commands to the UE, which adjusts its uplink transmission timing accordingly. However, in absence of recent uplink transmissions, the NodeB cannot control the transmission timing. Hence, there is a need for a non-synchronized random access procedure to establish synchronization with the NodeB, e.g., at power-on or after an extended sleep time. As uplink synchronization has not yet been established, a guard time is required. The non-synchronized random-access procedure should, as a minimum, support time synchronization of the UE transmission timing.

2. Non-synchronized Random Access Procedure

2.1. General Principles

A non-synchronized random-access procedure has been described in [2, 3]. For the non-synchronized random-access procedure, we propose the following approach. First, a random-access preamble is sent in a non-synchronized fashion to establish the uplink synchronization. Once the NodeB has responded with timing adjustment command to synchronize the uplink, an L2/L3 message is sent using the uplink data channel in the same way as any uplink data transmission. This approach is shown in Figure 1.

In Figure 2, the time-frequency structure is illustrated. The NodeB has informed the UE which uplink resources random access is allowed. This enables an orthogonal separation of random-access attempts and uplink data transmission. Non-synchronized random-access slots are defined at a regular interval TRA (e.g. once every 10 ms). The access slot nominally covers a sub-frame of 0.5 ms. The random access preamble sent by the UE leaves sufficient guard time to take into account the timing misalignment (6.7 (s/km). For larger cell sizes, longer preambles (more energy for coverage reasons) and larger guard times are needed [4]. Longer preambles may be constructed based on concatenation of a basic preamble as proposed in [5]. To accommodate the longer preambles and longer guard times, multiple sub-frames may be concatenated to form a longer access slot. However, this will only be required for larger cell sizes.

A minimum bandwidth of 1.25 MHz is allocated to random-access transmission. For E-UTRA deployments using larger spectrum allocations, multiple 1.25 MHz random-access frequency bands can be defined, providing an increased random-access capacity. Preferably, the frequency which the UE may use for random-access is preferably changed between subsequent attempts, resulting in a frequency-hopping scheme, see Figure 2.

A family of preamble sequences is used for random-access. The set of sequences is divided into Ng groups of Ne sequences and each cell is assigned one of the N groups. Adjacent cells shall use different groups in order to prevent inter-cell interference.

Different sequence designs are possible ‎[6] and one example is to use Zadoff-Chu sequences which have ideal periodic auto- and cross-correlation properties [6]. With a minimum sequence length of Np = 449 (spanning less than 400 s), at least N=256 different sequences can be obtained. These 256 sequences can be divided into Ng=16 different preamble groups each including Ne=16 sequences. 
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Figure 1. Random-access procedure.
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Figure 2. Time-frequency mapping of random-access procedure.

2.2. Procedure in UE

From the downlink broadcast control channel, the UE shall receive the following information:

· The time location of the random-access slots

· The number of M of random-access frequency bands and their location in the frequency domain

· The preamble length to use

· The preamble sequence group to use

Furthermore, the UE shall obtain accurate timing and frequency synchronization in the downlink.  And the UE shall obtain an estimate of the path loss, e.g. by considering the received signal strength indication (RSSI) and a known power level (i.e. from the broadcast channel). 

The UE RA procedure follows the following steps:

1. Locate the next available random-access slot time

2. Randomly select a random-access frequency band out of the M available bands

3. Randomly select a random-access sequence out of the Ne different sequence included in the preamble sequence group (this random sequence corresponds to a log2(Ne)bit random UE ID)

4. Using the random-access sequence, construct the proper preamble depending on the length to use

5. Set the initial preamble TX power based on the path loss estimate

6. Transmit the random-access preamble based on the downlink timing obtained from the DL transmissions

7. If an access grant message with a positive acknowledge is received:

· Set the proper UL timing according to the timing alignment (TA) message

· If applicable, use the UE ID in the grant message to establish the permanent UE ID

· Send the random-access message on the synchronized UL channel as indicated in the grant message

8. If an access grant message with a negative acknowledgement is received:

· Signal this condition to the higher layers

· Exit the random-access procedure

9. If no access grant message is received:

· Return to step 1 of the UE random-access procedure

A tight relation between the timing of the RA preamble and the returned grant message could be defined to allow the UE to rapidly detect situations when the NodeB will not acknowledge the random-access attempt. In this case, the UE has to repeat the random-access attempt at a later point in time.

2.3. Procedure in NodeB

In its broadcast control channel, the NodeB shall transmit all the parameters needed for a proper random-access procedure. These include: the time location of the random-access slots, the frequency locations of the M frequency bands, the length of the preamble, and the sequence group from which the preamble sequences shall be selected.

During the random-access slot, the NodeB correlates the received signal with each of the 16 preamble sequences present in the preamble sequence group. If a correlation output exceeds the threshold during the random-access slot, the corresponding sequence and the timing will be used by the NodeB in a subsequent access grant message. From the timing, the required timing advance (TA) can be derived such that the received UE signals will be synchronized. If multiple correlation outputs belonging to different sequences exceed the threshold, the NodeB will treat each of the occasions as a separate UE random access attempt. After gathering all sequences and their corresponding timing, the NodeB composes an access grant messages.  To each random UE ID which corresponds to the detected preamble sequences, the following attributes are allocated:

· a TA message

· a UL resource to send the L2/L3 message in

If no resources are available for one or more additional UEs, the NodeB sends a negative acknowledgement instead of the UL resource allocation. The UE can then reside in a suspend mode and try access later on the synchronized random-access channel. If no preambles are detected, the NodeB shall not send an access grant message at all.

3. Conclusions

It is proposed to adopt the random-access procedures above for E-UTRA. 
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