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1
Introduction

This contribution describes high level principles behind the uplink random access channel (RACH) design using SC-FDM in E-UTRA Uplink. The focus is on the physical layer aspects, but implication on higher layers is also discussed.
2
RACH design
RACH parameters are periodically broadcasted by Node B on the DL common control channel (CCCH) [2]. UE can transmit over RACH only after it achieves downlink synchronization and obtains the most current RACH parameters. 
In the proposed design, RACH is used for the following purposes:
1. Uplink layer 1 synchronization 

2. Request uplink air link resource assignment

Due to the orthogonal nature of the uplink air interface, it is necessary that RACH resources be reserved and used only for access. Node B needs to semi-statically assign uplink resources for RACH and broadcasts such information to all UEs in its coverage area. 
Utilization of RACH is bursty and can be much lower than the utilization of the scheduled traffic data channel. Therefore, it is very important that minimum time/frequency resources be assigned to RACH while ensuring short access delays. 
This leads to a design, wherein the information transmitted in the initial probe is minimized. It is important however that the initial probe be received with sufficient energy in order to be detected and provide for uplink layer 1 synchronization.  

Information contained in the access probe consists of the following:
1. Downlink C/I
a. Enables power control of the access grant message sent on downlink in response of access probe 

2. QoS related info
a. Enables scheduler to pick initial resource assignment
3. Random Id

a. Reduces probability that identical access probes from different UEs arrive at Node B at the same time
4. Cell Id

a. Used for scrambling access probe so that the probe is decoded successfully at the target Node B only    

UE IDs, such as IMSI or tracking area ID (TA-ID) would not be included in the access probe. 
An access probe consists of an access sequence. The access sequence is derived from UE’s downlink C/I, QoS info and a random number used to avoid possible collisions.  All access sequences are orthogonal. Before transmission, the access sequence is scrambled by the cell specific scrambling sequence. Scrambling effectively provides destination addresses for the access. 
The Layer 1 initial access procedure is combined with an uplink resource assignment. Therefore, the Node-B responds to a successful uplink access probe by an Access grant message that contains timing adjustment information.
The Node-B transmits an access grant on the downlink after successfully detecting an access probe. The Access grant associated with the acknowledged access probe:

· Uses the same code that was used in the probe

· Has a fixed timing relationship with the access probe

· Conveys the UE MAC ID, uplink resource assignment and uplink timing adjustment to the UE

The access grant is protected with CRC.

2.1 Access probe sequence

The access probe is transmitted in a sequence until the node B confirms its reception with the access grant message. The time between successive probes is configurable and it is referred to as access cycle duration. Each new probe in a sequence is transmitted with increased power. 
If the access grant is not received after maximum number of probes has been transmitted, denoted as Np, UE backs off and repeats the procedure after resetting the power to the initial value. Maximum number of sequences is denoted as Ns. Before starting a sequence, depending on a scenario, UE may run p-persistence algorithm. Figure 1 illustrates the timeline and power level of the access probe sequences
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Figure 1: Access probe sequences     

2.2 Call Flows

Figure 2 illustrates the access procedure discussed in section 2.1

UE originates by sending an access preamble. After it sends out an access preamble, UE monitors downlink L1 control channel for an access grant message. The timing relationship between access preamble and access grant is fixed and known a priori to the UE. Since UE has not been allocated a MAC ID at this stage, the Node B scrambles the access grant with access preamble sequence it has received. Only the UE that selected the corresponding access preamble sequence can decode the access grant. Access grant contains the UE a MAC ID, identification of granted uplink resources and uplink timing adjustment. 
After receiving the access grant, UE requests to open a connection. At this point, the UE is authenticated by the network. 
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Figure 2: Access procedure 

Figure 3: Access procedure – handoff between asynchronous cells
3. Summary
The principles of our proposed RACH design are:

· Short preamble conveying limited information from UE to Node B. 
· Identification and authentication being performed on the scheduled traffic channel

· Layer 1 synchronization is combined with UL resource allocation

The above characteristics for random access are recommended to be captured into [1].
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