3GPP TSG RAN WG1 LTE Ad Hoc                                                        R1-061856
Cannes, France, 27 – 30 June, 2006

Agenda Item:

4.1
Source:

Huawei

Title:

Non-synchronized Random Access Procedure
Document for:

Discussion 
1 Introduction

There are two options for non-synchronized random access procedure: one-step procedure and two-step procedure. In this contribution, we will first give some clarifications for these two schemes, then compare their aspects based on the current assumed parameters, e.g. the message payload size, and finally give our view on the non-synchronized random access procedure.
2 Clarification for these two schemes
We first clarify the definition and purpose of the non-synchronized random access preamble and message parts used in E-UTRA. The preamble part is used for time alignment, signature detection, etc., while the message part conveys upper layer signalling, scheduling request information (e.g., UE identity, Establishment cause, Capability request), downlink CQI, etc..
In order to clearly compare the two approaches, we illustrate one-step and two-step procedures for a typical non-synchronized random access scenario, i.e., “LTE_Idle” to “LTE_Active”.
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 Figure 1 Random Access procedure with one-step (left) and two-step approach (right)
· Random Access Preamble 
Random Access Preamble in E-UTRA usually refers to signature sequence that is randomly selected by an UE based on the available sequence set broadcasted by E-NodeB. Sometimes a little optional message can  be transmitted implicitly together with the signature sequence [1]. Due to the cell coverage and random access overhead requirement, these embedded messages are limited to 4~8 bits, which can  contain only some short messages, e.g. access cause (2~3bits). 
· Random Access Response

The random access response is a response from E-NodeB to the UE which sends the random access preamble. The response message should have fixed timing/frequency relationship with the access preamble. It is include: 
· UL grant for a certain signature 
· UL Timing Adjustment
· Scheduling request resource allocation information (two-step only)
· Scheduling Request

Scheduling request message is only transmitted in two-step approach, while there is no explicit scheduling request information in one-step procedure. The scheduling request message may contain:
· UE ID to reduce the contention collision probability; 
· UE buffer/power status; 
· UE access priority;
· Establishment cause
· UL Resource Allocation

In one-step approach, UL resource allocation can only depend on the limited embedded message transmitted implicitly in the preamble. So, the UL resource allocation in one-step may be in a “blind/semi-blind” way. On the other hand, in two-step approach, UL resource allocation is based on the detailed scheduling request information. The content of UL resource allocation information in both schemes can contain resource information and transmitting format.
· UL Data Transmission
UL data transmission can carry control information and/or UL traffic data.
3 Comparison for these two schemes
According to section 2, the main difference between “one-step” and “two-step” non-synchronized random access procedure is how the resources for transmitting message part is allocated. In the following subsections, we compare these two approaches on several main aspects.
· Message resources allocation and Preamble efficiency
In “one-step” approach, if there is no embedded message transmitted together with the preamble, the “blind” resource allocation should be applied for UL message, which results in resource waste. It is much less efficient than matching the actual requirement of different messages, which is used in “two-step” approach. 
If attaching a minimum amount of information message in the preamble part implicitly in “one-step” approach, resource waste is a little mitigated but it is still not sufficient to indicate the necessary resource requirement for message part. At the same time, the signature sequence usage for randomizing collisions will be restricted and the overall detection performance will be degraded. For example, one of the simple ways to implicitly embed message payload in preamble part is dividing the signature sequences into several groups, and group ID can indicate the implicit message [4]. In this case, the efficiency of signature usage will depend on actual access scenario in which is subject to resource redundancy or higher contention. In two-step approach, because E-NodeB can transmit all necessary messages in the following scheduled UL resources request, the embedded message is recommended to be removed from the preamble for meeting the larger coverage requirement, so that the signature usage will be more efficient.   
· Collision Resolution
Collision can be avoided by selecting different signature sequences, but the following uplink transmission still can be contention-based if multiple UEs simultaneously try to access the RACH with the same preamble signature. In this case, if the path is close for such two UEs who select the same signature, E-NodeB may treat the signatures from different UEs as multi-pathes from one UE. Then at most one of the accesses can be detected and a collision occurs in the following uplink transmission. In order to resolve this access collision, UE ID will be transmitted to E-NodeB in the next uplink transmission after preamble. As shown in figure 1, for one-step approach, such UE ID will be transmitted in “UL Data transmitting”; for  two-step approach it will be transmitted  in “Scheduling Request”. Therefore, in two step approach, collision is resolved in the step of “Scheduling Request”, so the “UL Data transmitting” is always contention-free.
· Latency

The two-step procedure has a longer delay than the one-step approach because of the additional “scheduling request” transmission .However, the delay mainly depends on the retransmission times of preamble part and the interval between preamble part and the next uplink transmission, for instance, we always assume the message is sent a few TTI’s (<5) after the successful preamble transmission [3], the difference of timing delay between the two schemes may be very small. 
· Flexibility
The message part is always configurable according to different application scenarios. For example, the UE capability message is need in LTE-Detached initial access, but is not needed in out-of-sync recovery access. Only the two-step approach can support such flexible message lengths.

4 Conclusions

According to the comparison between the two approaches with respect to message resources allocation, preamble efficiency, collision resolution, latency and flexibility, we propose the two-step approach as the  non-synchronized random access procedure for E-UTRA. 
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