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1. Introduction

This contribution discusses the physical layer procedure for non-synchronized random access and the information required by the UE prior to random access initiation. 
2. Non-Synchronized Random Access
Non-synchronized access is used when the UE uplink has not been time synchronized in the uplink.  This channel may, for example, be used to request initial access, handoff procedure, transition from idle to connected state, and re-establish uplink synchronization. To ensure low latency, random access procedure must be designed such that the control plane latency requirement of less than 100 ms specified in [1] is achieved.  Figure 1 illustrates a non-synchronized random access structure.   In the figure, random access occupies a bandwidth of BWRA MHz and its length is a multiple of 1ms TTI.  Multiple frequency regions may be defined within one access period in order to provide sufficient number of random access opportunities.  Note that data transmission may also be scheduled in the random access region at the discretion of the scheduler.  In addition, this access period occurs periodically according to the parameter TRA-REP, which may be selected based on expected random access load together with control plane latency requirement and overhead consideration.
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Figure 1.  Non-synchronized random access.
From numerous performance analysis of non-synchronized random access [2-9], the following concepts are seen to be beneficial with regard to random access design.

· Configurable number of random access opportunities (i.e. access slots) based on random access load.  This may be achieved though adapting the number of random access channels and/or random access period.
· Scalable random access duration based on cell size via repetition of the basic preamble sequence.  Configurable number of cyclic shift per cell in order to minimize the number of required Zadoff-Chu root sequences.
· Partitioning of available preambles by cause (inclusion of cause field) according to desired collision probability.  This allows individual control of collision probability for each cause.

· Open-loop power control with ramping in order to reduce interference.
· Inclusion of pathloss or channel quality information to allow for appropriate power assignment or modulation and coding selection of the preamble response.
· Collision indicator in the preamble response for early contention resolution.  Additional acknowledgment responses, e.g. NACK due to heavy system loading [9], may also be beneficial. 
· Data transmission may also be scheduled in the random access region at the discretion of the scheduler.
From the physical layer perspective, the following information is required by the UE prior to initializing physical layer random access procedure.
· Random Access Channel: Fixed bandwidth of each random access channel is BWRA = 1.08 MHz (6 RBs).  Multiple random access channels may be configured within the TTI.  These channels occur periodically with a period TRA-REP.  The number, location, and periodicity of the random access channels are signaled on the BCH.  In addition, these parameters should be semi-static and configurable based on random access load.
· Random Access Channel Timing: Random access channels are assumed to occur at a fixed timing from the BCH frame.  In general, this timing should occur as soon as possible after BCH reception and decoding in order to minimize latency.  Note that this timing is known and thus not signaled to the UE.
· Preamble Information: Information about the available preambles should be transmitted on the BCH.  This includes preamble format (which provides sequence length, random access duration, cyclic prefix length and guard time), available Zadoff-Chu root indices, cyclic shift length, and message association (preamble partition).  Note that 64 preambles are always available per random access channel per cell.
· Transmission Information: Open loop power control with ramping should be supported for non-synchronized random access in order to reduce interference.  Therefore, UE must have information regarding the initial transmission power and power ramping step size.  In addition, the maximum number of retransmission attempts is also needed.  In general, these parameters are provided by higher layers. 
3. Physical Layer Procedure
Figure 2 provides a proposed call flow diagram for the random access procedure.  From the physical layer perspective, L1 random access procedure encompasses successful transmission of messages 1 and 2 (random access preamble and response).  The remaining messages are scheduled for transmitted by the higher layer on the shared data channel and thus not considered part of L1 random access procedure in this contribution.  In regard to the random access preamble, it is possible to detect collision if the received timing difference between the two preambles is sufficiently far apart (greater than the expected channel delay).  Thus, the eNB should be able to detect some collisions in the first step.  Exceptions include when the received timing difference is too close, or when only one preamble is received with sufficient power while colliding signatures are not detectable (i.e. received energy is below the threshold).  As a result, a NACK may be transmitted in case of collision.  In addition, the eNB may also use a NACK to deny access to the network (e.g. in an emergency situation or under heavy load).     When a NACK is received, however, resolution procedure is left to the MAC layer.  Note that, according to [10], the random access response is semi-static within a small, predefined window.  How this response will be transmitted, however, has not been decided pending discussion on L1/L2 control signalling.
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Figure 2.  Random access procedure.
In principle, the following steps are envisioned for L1 random access procedure –
1. Prior to initiation of the non-synchronized physical random-access procedure, Layer 1 shall receive the following information from the higher layers (1) available random access channels, (2) available preambles and message association, (3) initial preamble transmission power, (4) power-ramping step size, and (5) maximum number of preamble retransmission.
2. Randomly select a random access channel from the available non-synchronized random access channels.  Next, randomly select a preamble sequence from the available preamble set based on the implicit message to be transmitted.  The random function shall be such that each of the allowed selections is chosen with equal probability.
3. Set the transmission power to the initial preamble transmission power level (which is set by the MAC).  Set the transmission counter to the maximum number of preamble retransmission.  Transmit a preamble using the selected random access channel, preamble sequence, and preamble transmission power.
4. If no response (message 2) corresponding to the transmitted preamble sequence (message 1) is detected in the downlink, randomly re-select the random access channel and preamble.  If the maximum transmission power and the maximum number of retransmission have not been reached, re-transmit the preamble.  Otherwise pass L1 status ("No acknowledgment on non-synchronized random access") to the higher layers (MAC) and exit the physical random access procedure.
5. If a response (message 2) corresponding to the transmitted preamble sequence (message 1) is detected, pass L1 status ("ACK on non-synchronized random access received" or "NACK on non-synchronized random access received") the higher layers (MAC) and exit the physical random access procedure.   Note that the NACK may serve as collision indicator.
4. Conclusions
In this contribution, a proposed physical layer procedure for non-synchronized random access is presented.   This procedure focuses only on the information needed by the UE for random access initiation, preamble transmission and response acquisition.
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