
3GPP RAN WG1 #44
R1-060351
Denver, USA, 13 - 17 February 2006
Agenda Item:
13.2.3.1
Source: 
Samsung

Title: 
Physical Random Access Procedure
Document for:
Discussion and Decision
1 Introduction

This contribution discusses the principles of the random access procedure for LTE, especially for initial access. Initial random access is the transition procedure of the UE state from STANDBY
 to READY [1]. 
This contribution describes the detailed procedures for initial random access and compares alternative options 
2 Initial random access procedure
For the initial random access, the following procedures are basically required. (See figure 1)
· Uplink L1 Timing Synchronization
· Uplink scheduling request
· Initial access related message transmission
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Figure 1: Basic initial random access procedure

This section describes the details of each step and investigates any possibilities to reduce the delay of the initial random access procedure.
2.1 UL synchronization
LTE is the system that all the UEs in a cell transmit the UL data that should be received within a fraction of the cyclic prefix at the BS. [2] So for the initial random access, it is required to have the procedure for acquiring uplink synchronization.
For the uplink synchronization procedure, the following steps are involved.
· The required information for the initial random access is informed to the UE using broadcasting.
·  UE selects one preamble randomly out of the applicable preamble set and transmits it. (Initial access preamble is transmitted as a contention-based manner)

· BS detects the preamble and determines the uplink timing adjustment (and power adjustment).

· UE continues the transmission of the access preamble until BS confirmed that the timing error is less than tolerable range (within a fraction of the cyclic prefix). Power ramping might be accompanied.
The detection capability of the preamble is one of the major factors to determine the delay of the synchronization procedure. For the strict UL synchronization, multiple trials of the transmission of the access preamble may be required. The requirement of the transition time is less than 100 ms from the STANDBY state to the READY state as described in the LTE requirement TR [3]. So the delay property of the synchronization procedure should be taken into account for the allocation of the resource for the access preamble. In other hands, the transmission of access preamble is using the contention based non-orthogonal resource, so the resource for the random access should be limited as much as possible. 

Initial access preamble is transmitted by a UE without any knowledge of the timing at the BS, so it cannot be guaranteed that the preamble is received at known timing. From this reason, the preamble should accompany with the guard time as shown in figure 2 in order not to overlap the preamble transmission with the resource for other purpose. This guard time may depend on the cell size, since the guard time should cover the maximum possible propagation delay. Details are FFS.

For the assigning of the frequency resource for random access, localized transmission is to be used rather than distributed transmission in order to avoid the inter-carrier interference to the resource for other purpose as much as possible. Guard frequency might still be required even though the localized resource is used for the random access. The basic assumption for the physical channel resource for access preamble is shown in Figure 3.
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Figure 2: Frame structure for random access
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Figure 3: Frame structure for random access
2.2 UL scheduling request and message transmission
If UL timing synchronization is acquired as described in section 2.1, UE should try to transmit the real information for initial access to BS. To transmit the required message for initial access, it is required to request BS to assign the uplink resource, since scheduling request should precede every UL orthogonal transmission. Scheduling request may include the following information parameters.
· Buffer occupancy: number of bits stored in the UE buffer
· Power status: used for the power control
· QoS related information: to differentiate the priority of the data in the buffer
· UE ID: in order to avoid the contention between UEs
Scheduling request is used when there is no orthogonal uplink resource assigned for a UE. The UE should transmit it as a non-orthogonal transmission. It is also noted that the uplink scheduling request is used not only for the initial random access but also for the situation that new data occurs in the UE buffer in which there has been no data during LTE active period.
After the scheduling request by a UE and resource assignment by a BS, the UE may transmit the message which is relevant to the initial random access. According to the purpose of the random access procedure, the message length might be different.

2.3 Possible combination of the procedures
In [1], RAN2 asked RAN1 that to what extent the physical layer synchronization part of the procedure can be combined with the scheduling request procedure. This section discusses the possible combination of the component parts of the initial random access procedure for reducing the delay of the whole procedure.
Previous sections described that three steps are required for the initial random access. This basic procedure is shown in option A of Figure 4. We can see the alternative options (option B and C) in Figure 4.

Here, it should be noted that the transmission of the access preamble should be anyhow the preceding step in order to access the system initially and furthermore acquire the UL physical timing synchronization. And also it should be taken into account that the transmission of access preamble needs multiple trials to have enough power to detect the preamble and to have the strict timing synchronization.
In option B, UE transmits the scheduling request information together with the access preamble. The overhead of the scheduling request information is not so big, so the burden to transmit this information with access preamble is not too significant. However, if the number of trials of transmitting access preamble is increased, the overhead would be increased and the contention or interference of the assigned resource for access preamble will be increased as well. However, the reduction of the delay is just one round trip time. The trade off between these two properties should be fully investigated further.
In option C, UE transmits the access preamble with the required UL message attached. As mentioned already, the number of bits for UL message is different depending on the purpose of the initial access. The message size can be quite big, so the resource for this contention-based channel could be large. And, since LTE system may support quite large cell, e.g. 30Km or even 100Km, the link budget of the data might be one issue as discussed in [5][6]. The main benefit of this option is to reduce the delay by 1 or 2 round trip time. Nevertheless, the sacrifice for this small merit of slightly reduced delay seems quite large.
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Figure 4: Possible options for initial random access
3 Proposal
The proposed features for initial random access procedure are as follows.

· The working assumption for initial random access procedure consists of three steps;
· Uplink L1 Timing Synchronization

· Uplink scheduling request

· Initial access related message transmission
· The physical resource for the access preamble should be determined considering the allowable delay, detection capability, cell size, and overhead of contention-based channel
· Guard time and guard frequency is required for the resource of access preamble in order to avoid the interference to the resources for other purpose.

· Localized frequency resource is used for the random access.
· The combination of the transmission of data information with the transmission of the access preamble could be investigated further
4 Conclusion
This contribution discusses the basic initial random access procedure and proposes some features on this. It is proposed to agree on the proposal described in section 3 and to include the text proposal in [4] into the TR 25.814 [2].
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� RAN2 reached a consensus on the terminologies for RRC states in LTE, DETACHED, STANDBY, and READY.
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