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1. Introduction

To maintain orthogonality among UEs in the scheduled E-UTRA uplink, 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 signal. The remaining frequency misalignment as the Node B is mainly due to Doppler. This is not further discussed in this contribution, but note that there is no difference between random access and scheduled data transmission in this respect.

Time synchronization when the UE is transmitting can be achieved by the Node B measuring on the received signal and sending timing advance commands to the UE, which adjusts its uplink transmission timing accordingly. However, in situations when the UE has not recently transmitted in the uplink, e.g., when moving from LTE_detached or LTE_idle to LTE_active, the uplink timing is unknown. Note that this timing uncertainty is due to the two-way propagation delay from the Node B to the UE. The UE can only acquire the downlink timing prior to any attempt to access the uplink. Therefore, a procedure for initial adjustment of the uplink timing is required in E-UTRA. This procedure will be referred to as random access in the following.

Note that the primary usage of the random access is to handle lack of timing alignment in the uplink. Signaling to request uplink resources for scheduling purposes (‘scheduling request’) when the uplink is timing aligned may use a different (and more efficient) procedure ‎[3].

2. Overall Physical Layer Structure

For the random access, a contention-based physical random access channel has been proposed ‎[1], illustrated in Figure 1. Random-access transmissions are restricted to certain subframes, which allows for an orthogonal separation between random access and data transmission
. This avoids the need of a delay-consuming power ramping procedure to control the interference generated from random access to data transmissions.

One access window of length TRA per TRA-REP period is allocated for random access. The minimum TRA corresponds to a 0.5 ms sub-frame. Note that only a part of the subframe can be used for transmission of a random access burst as there must be a sufficiently large guard time to account for the timing uncertainty in the uplink. With 400 (s used for the random access burst, there is 100 (s left to account for the uplink timing uncertainty, suitable for cells up to approximately 15 km in radius.  For larger cells, the random-access window may consist of two sub-frames.

A minimum bandwidth of about 1.25 MHz is allocated to random-access transmission. For E-UTRA deployments using larger spectrum allocations, multiple 1.25 MHz random-access channels can be defined, providing an increased random-access capacity. Alternatively, the centre-frequency random-access “channels” may change between random-access subframes resulting in a frequency-hopping scheme.
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Figure 1: Time-frequency mapping of physical random-access transmission.

3. Random Access Procedure

Transmitting user data on a non-synchronized uplink is not spectrally efficient. Furthermore, the amount of information that can be transmitted in a random access burst is limited
 as the link budget must also allow for large cells and poor propagation conditions. Therefore, it is proposed to separate the transmission of the random access burst, whose purpose is to obtain uplink synchronization, from the transmission of the information necessary to connect to the system. In the first step, the UE obtains uplink synchronization and is assigned resources for uplink transmission. In the second step, the UE transmits the necessary information to set up the connection (RRC connection request) on the scheduled resource. This is illustrated in Figure 2. Note the similarities with WCDMA – the first step corresponds to the preamble and the second step to the message part. 
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Figure 2: Two-step random access (the numbers describe different event during the access procedure).

3.1. Step 1 – Preamble

In the first step, the UE transmits a preamble in the random-access window. Prior to a random access attempt, the UE should synchronize to the downlink timing (1 in Figure 2) such that the guard time TGP only needs to cover the initial timing misalignment of the uplink transmission. The timing misalignment amounts to 6.7 (s/km.  For a UE-NodeB distance less than 15 km, TGP=100 (s is sufficient, leaving approximately 400 (s for the preamble. In case of very large cell sizes, additional guard time can be obtained by extending the random-access window by an additional sub-frame.

To distinguish between different UEs that may simultaneously attempt an access, each UE should pick a random signature out of a group of signatures (2). The preamble shall have good auto-correlation properties in order for the Node B to obtain an accurate timing estimate. In addition, the preamble shall have good cross-correlation properties in order for the Node B to distinguish between simultaneous access attempts for different UEs. If multiple random-access channels are defined, the random-access channel to use could be determined by the priority of the access attempt or, alternatively, be randomly picked to increase the random-access capacity and reduce the risk of collisions.

In order to suppress inter-cell interference, adjacent cells can be assigned different signature groups. In the companion simulation paper ‎[2], 16 groups of 16 signatures each has been used. The signature groups are distributed among the cells, one group per cell and each group contains a set of signatures from which the UE can select one. If multiple random-access channels separated in frequency are defined in one NodeB, the same signature group is used for all random-access channels.

The Node B will correlate the received signal with the set of possible sequences in a cell (3). In response to the preamble (if detected), the Node B will transmit a response (4), including the ID of the signature the UE selected, information to adjust the uplink timing, and an uplink resource allocation used for transmitting the message part. Note that an acknowledgement indicator channel (AICH) may not be necessary. The information could instead be transmitted as a MAC message in the same way as data transmission. Alternatively, the control channels used for scheduling control could be reused to convey the information.

A tight relation between the timing of the random access preamble and the related response signaling could be defined (as is the case for the AICH in WCDMA) to allow for the UE to rapidly detect situations when the Node B did not acknowledge the random access attempt. In this case, the UE has to repeat the random access attempt at a later point in time.

The transmit power of a random access attempt is set using open loop power control, based on measurements on the received downlink power.

3.2. Step 2 – Message

Once the UE has received the acknowledgement from the Node B and adjusted its uplink timing (5), the remaining signaling required for connection setup is transmitted on the assigned resources in a synchronized fashion using the same procedures as normal data transmission (6). The contents of this signaling could for example include the ‘RRC connection request’ message and the UE ID. Depending on whether the UE previously has been assigned an ID by the network or not, the details of the signaling may vary depending on decisions in RAN2. In response to the ‘RRC connection request’, the network can respond with a ‘RRC connection setup’ message, using the shared downlink channel (8).  If such a response is not received within a certain time, the UE may declare a random access failure and return to step 1 above.

4. Conclusion

A framework for E-UTRA random access has been outlined:

· Separate transmission of the random access preamble and the associated signaling for connection setup.

· Possibility for orthogonal separation of the random access burst and user data.

· Using the random access burst for timing estimation at the Node B.

· Responding with a timing adjustment and (optionally) a resource assignment.

It is proposed to capture Figure 2 together with explanatory text in TR 25.814. If agreed, a text proposal will be prepared.
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� Note that there in principle is nothing that prevents the uplink scheduler from scheduling data transmissions overlapping with the random access subframe, although it is most likely preferably to avoid such scheduling decisions.


� The preamble in WCDMA random access in approximately 1 ms in duration.
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