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1. Introduction

The random access channel is used for initial access to the network as well as to transmit small to medium amount of control information. This contribution proposes a TP of random access channel design for E-UTRA.
Start of Text Proposal

9.1.2.1
Random access procedure

The random access procedure is classified into two categories:

· non-synchronized random access, and

· synchronized random access.

9.1.2.1.1. Non-synchronized random access:

The non-synchronized access is used when the i) UE uplink has not been time synchronized or ii) UE uplink loses synchronization. The non-synchronized access allows the Node B to estimate, and, if needed, adjust the UE transmission timing to within a fraction of the cyclic prefix.

9.1.2.1.1.1 Time Frequency Structure 

The random-access procedure is based on transmission of a random-access burst.  Time frequency resources for the random-access attempts are controlled by the RRM configuration. This is illustrated in Figure 1, where random-access transmissions are restricted to certain time/frequency resources (FDM/TDM), and in Figure 3, where random access transmissions are not restricted to a particular time/frequency resource (CDM).  Note that there are no restrictions set on the uplink scheduler strategy, i.e., depending on the scheduler strategy, a random-access transmissions from one UE may or may not be subject to intra-cell interference due to scheduled uplink data transmissions from other UEs.  Interference from data transmissions on a received random access burst has to be handled by the appropriate base station processing, e.g., by relying on the processing gain inherent in the preamble. These aspects are valid for FDD, as well as TDD using the generic frame structure. Note that, in the design of the details of the random access such as power control and preamble-sequence design, the assumption should be that there is a time and/or frequency separation between random access transmissions and scheduled uplink data transmissions.
For co-existing LCR-TDD based frame structure (Figure 6.2.1.1-1), random access time/frequency resources is illustrated in Figure 2, where physical random access channel and UpPCH channels are used for L1 random access procedure.
The minimum bandwidth, BWRA, allocated for non-synchronized random access transmission is 1.25 MHz. For system bandwidths larger than 1.25 MHz, either the random access transmission uses a larger bandwidth, or multiple random access channels are defined.  Multiple 1.25MHz random access channels might be especially useful for selecting a best block using frequency selective channel characteristics (TDD mode).  BWRA of less than 1.25 MHz (e.g. BW of the uplink resource unit = 375 KHz) for non-synchronized access is FFS.
The length of the non-synchronized random access burst, TRA, is less than (multiples of) sub-frames (e.g. 0.5 ms) to allow the burst, and the required guard time to account for the uplink timing uncertainty and the propagation loss, to fit within a subframe (or multiples thereof).  The random access burst length can be adjusted (e.g. on a cell basis depending on the cell size) to optimize the overhead/latency versus coverage requirements trade-off.  It is FFS on how this adjustment is made (e.g. static, semi-static, dynamic).
For co-existing LCR-TDD based frame structure, TRA is less than 0.8 ms for optimum coverage (combining UpPTS (0.125ms) special timeslot and TS1 (0.675ms) timeslot) to allow the burst, and the required guard time to account for the uplink timing uncertainty, to fit within a 0.8ms. Longer TRA may be needed for large cells.
For the co-existing LCR-TDD based frame structure, CDM may be used on physical random access channel (Figure 2) for transmitting control message. The effect of interference on scheduled data and vice-versa needs to be investigated further.
9.1.2.1.1.2 Preamble and message payload
The non-synchronized random access preamble is used for time alignment, signature detection etc. The message payload comprises any additional associated signaling information.  It is FFS whether the message payload can be transmitted in the random access burst along with the preamble as shown in Figure 4, or on the shared data channel upon preamble detection and UL resource allocation by the Node B.
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Figure 1.  TDM/FDM option example using 1 sub-frame and preamble-only transmission in the random access burst
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Figure 2. TDM/FDM option example for coexisting LCR-based frame structure (TDD mode) for optimum coverage scenario and preamble-only transmission in the UpPCH channel
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Figure 3  Example of CDM of Scheduled Channels and random access preamble
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Figure 4. Example of random access burst
9.1.2.1.1.3 Non-synchronized random access procedure

Prior to attempting a non-synchronized random access, the UE shall synchronize to the downlink transmission.

Two possibilities for the random access procedure are considered:

· Approach#1: Figure 5 outlines this approach, where the Node B responds to the non-synchronized random access attempt with timing information to adjust the uplink transmission timing and an assignment of uplink resources to be used for transmission of data or control signalling (possibly including any message payload (e.g. UE ID) not included in the preamble) using the shared data channel.  It may be noted that the timing information can also be combined with the uplink data resource allocation.  Furthermore, the uplink data resource allocation may be implicitly indicated by associating a reserved time frequency region with a preamble sequence.  
· Approach#2: Figure 6 outlines this approach, where the Node B responds to the non-synchronized random access attempt preamble with timing information and resource allocation for transmission of scheduling request (and possibly any additional control signalling or data). UE then sends the scheduling request at the assigned time-frequency resource using the shared data channel or physical random access channel (for co-existing LCR-TDD based frame structure).  The Node B adjusts the resource allocation according to the scheduling request from the UE.
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Figure 5. Approach#1, Non-Synchronized Access 
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Figure 6. Approach#2, Non-Synchronized Access
9.1.2.1.1.4 Power control for non-synchronized random access

The power control scheme shall be designed assuming no intra-cell interference from data transmissions (i.e., TDM/FDM operation).
Open loop power control is used to determine the initial transmit power level.  It is possible to vary the random access burst transmit power between successive bursts using:

  a) Power ramping with configurable step size including zero step size for both FDD and TDD case

  b) Per-burst open loop power determination for TDD case only
9.1.2.1.2. Synchronized random access:

The synchronized random access procedure may be used when the UE uplink is time synchronized by the Node B. The purpose is for the UE to request resources for uplink data transmission. One of the objectives of the synchronized random access procedure is to reduce the overall latency.
9.1.2.1.2.1 Time Frequency Structure 

Synchronized random access and data transmission are also time and/or frequency multiplexed.  An example of synchronized random access (applicable for FDD, TDD and co-existing LCR TDD) is shown in Figure 7.  It may be noted that the number of long blocks (LB) shown in the figure is for illustration only. The minimum bandwidth, BWRA, allocated for synchronized random access transmission is equal to the bandwidth of the uplink resource allocation unit (e.g. 375 KHz).  Also, the random access transmission can use a larger bandwidth, or multiple random access channels using the minimum bandwidth can be defined.  Multiple random access channels might be useful for selecting a best block using frequency selective channel characteristics (TDD mode).  The length of the synchronized random access burst can be adjusted (e.g. on a cell basis depending on the cell size) to optimize the overhead/latency versus coverage trade-off.. It is FFS on how this adjustment is made (e.g. static, semi-static, dynamic).  Synchronized random access can be done every x sub-frames (e.g. x=2).
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Figure 7. Example of Synchronized Random Access
9.1.2.1.2.2 Synchronized Random Access Procedure 

For synchronized random access, Figure 5 and Figure 6 also apply, except the timing information may not be transmitted.
9.1.2.1.3. Preamble Design Principle
The preamble sequences shall be designed assuming no intra-cell interference from data transmissions (i.e., TDM/FDM operation).

The random access channel sequence(s) (e.g. based on CAZAC/GCL) used to generate the transmitted random access preamble waveforms should have the following properties:

1. Good detection probability while maintaining low false alarm rate e.g. by maximizing post-decoder Es/(Nt+Ne) for a occupied random access channel preamble where Ne is the residual interference due to other random access channel transmissions in a given random access channel and Nt is thermal noise.

2. Number of random access channel preamble waveforms should be defined to handle the maximum expected multiple access scenarios (traffic load) while guaranteeing low collision probability.

3. Enable accurate timing estimation (e.g. good autocorrelation properties and sufficient occupied BW).

4. Low power de-rating (low CM/PAPR). 

End of Text Proposal
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