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1. Introduction

After a series of discussion on E-UTRA random access [1]–[3], a coarse random access procedure has been visible [4]. This contribution is intended to present more detailed Layer 1 procedure of random access in E-UTRA system. Preliminaries for random access, like random channel allocation, access opportunities, and some relative parameters, are discussed first. In addition, access procedures reacting to ACK/NACK/no response to access request (preamble) are also involved in this contribution.
2. Given Part of Non-synchronized Random Access
Fig. 1 illustrates the non-synchronized random access procedure considered for E-UTRAN in the last RAN2 meeting [4]. For reading convenience, brief description of the procedure is quoted as follows. 
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Fig. 1. Non-synchronized random-access procedure considered for E-UTRAN.
1. One or more UEs transmit random-access preambles on the RA channel. 
2. The eNB responds with Timing Alignment (TA), UL scheduling grant and possibly a C-RNTI assignment. The response is directed/sent to an address/identity associated with the detected preamble, henceforth referred to as RA_ID. The RA_ID may or may not have the form of a C-RNTI. 

3. The UE transmits a L2 or L3 message on the granted UL resource. The message indicates the identity (distinct from the RA_ID) of the UE (UE_ID).
4. To resolve contention the eNB transmits a message indicating the identity (UE_ID) of the UE for which the eNB successfully decoded message 3. Then contention resolution message is sent to the UEs which listen to the RA_ID.
In addition to achieving UL time alignment, non-synchronized random access from Layer 1 viewpoint is to contend for resources to serve upper layer message exchange. Hence Layer 1 procedure of non-synchronized random access could be simplified as a procedure including message 1 (request) and 2 (response) in the Fig. 1, and a certain mechanism to deal with some exceptions, such as collision, negative acknowledged or no response, etc. 
According to previous discussion results [1]–[3], non-synchronized access procedure could be briefly summarized from Layer 1 viewpoint in the following. First of all, a UE intending to initialize random access will send an access burst in one of available access opportunities. The random access burst consists of a preamble only, and some information can be conveyed implicitly through indices of preambles. The power level of initial preamble is adjusted by means of open-loop power control. After the corresponding eNB detects presence of the preamble, a response message will be sent to inform the UE the administration result of access request and transit required L1 parameters for further proceeding. In a case of successful random access for scheduling request, the UE can start L2/L3 signaling for further message exchange with the eNB on an allocated channel (resource) accordingly. In order to resolve contention early, the eNB will transmit a message indicating the identity of the UE for which the eNB successfully decoded the L2/L3 message [4]. 
3. Access Procedure in Layer 1 (Physical layer)

3.1 Preliminaries of Non-synchronized Random Access
Non-synchronized random access is always initialized by a UE while it has already obtained DL synchronization. Preliminaries for random access include obtaining RA parameters, such as RA channel allocation, access opportunities, available preamble sequences, and timers, from system downlink broadcast channel (BCH) and calculating initial power by means of open-loop power control method. 
Random access channel allocation is TDM/FDM-based multiplexing with other data (UL-SCH) [1]. Fig. 2 illustrates a conceptual allocation example of non-synchronized random access channel, in which the time-frequency region is further divided into a set of access opportunities. Note that not all access opportunities in the figure have to be consecutive in frequency or time. Each access opportunity occupies 1.25 MHz in frequency and one or more TTIs in time. Its length in time depends on cell size. The number of access opportunities in a frame should be sufficient to support UEs with acceptable latency of random access. 
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Fig. 2. Conceptual time-frequency region of non-synchronized random access channel.

Regarding to frequency location of random access channel, a balanced distribution over available bandwidth (20 MHz) could help to avoid frequency-selective deep fade in consecutive trials. Besides, a UE may be capable of only 10 MHz transmission, so it might be arranged to camp on upper half, down half, or center of eNB’s 20 MHz. In order to avoid unnecessary frequency adjustment, random access channel should be fairly available in the frequency bands, where UEs could camp on. 
Fig. 3 shows a preferred RACH allocation. It looks like SCH/BCH allocation within 20 MHz. Total 16 access opportunities are can be allocated at the same time instance. If more than 16 access opportunities are needed, extension the RA region in time domain is necessary. Available access opportunities are divided into 4 groups in frequency domain. Each access group is located as shown in the Fig. 3. When the number of required opportunities is less than 16, other bandwidth could be used as UL-SCH flexibly. This allocation can facilitate UEs of 10-MHz capability to initialize random access directly on their camped frequency bands.     
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Fig. 3. Possible allocations of random access channel.
On the other hand, since UEs need to receive system parameters from BCH, random access channel could be arranged in uplink when it’s interleaved between BCH. In case of multiple BCHs are transmitted in a frame, one or two times of channel allocation in a frame are enough to limit expected waiting time for access opportunities under a reasonable value. An expected waiting time of 5 ms, i.e. one time of access channel allocation in a frame, looks working good in latency control [5]. 
In addition to learning system information of RA channel allocation, access opportunities, available preamble sequences, and values of associated timers from BCH, UEs will apply open-loop power control to calculate suitable initial power of preambles according to measurement of received signal strength in downlink. DL reference signal could be a good reference for signal strength because of its regular transmission and known contents.        
3.2 Access Procedure
3.2.1 Successful Layer 1 procedure
Fig. 4 demonstrates a successful case of non-synchronized random access. Actually, it is simply message 1 and 2 in Fig. 1. Given random access channel, access opportunities, and available preamble sequences, a UE will choose one sequence to make up an access burst and transmit it randomly in one of available access opportunities. A choosing method is generally preferred to be random; however, it has been agreed to implicitly transmit 4-6 bits by means of preamble’s index [1][2]. Implicit information bits could be used to represent RA cause, random ID, CQI, etc. Information format of implicit bit could be fixed or flexible to RA cause [6]. A flexible approach is attractive since it could well utilize implicit bits to convey useful information to the mechanism launching the random access or at least maximize the space for random ID selection to reduce collision probability. 
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Fig. 4. A successful random access procedure.

The transmitted access burst should be detected in the eNB receiver while its signal strength is enough and no collision occurs. Sometimes one preamble still could be captured even though collision occurs. In this case, the layer 1 access procedure can go on normally. 
After receiving of access burst, the field of RA cause is first decoded and associated response message is prepared and broadcasted in an acknowledge indication channel, which could be a physical one or a logical one encapsulated in BCH. The response message might include sequence index, index of used access opportunities, uplink grant, time alignment, etc. to facilitate further upper layer procedure.  
3.2.2 Layer 1 response of UE to NACK/NA
The eNB might reply UEs with negative acknowledge (NACK) due to some reasons, e.g. out of resources, heavy traffic loading, etc., even though their access bursts are detected correctly. In this case, different reactions might occur for different RA causes. After the UE receives NACK from UL control channel, the UE should wait till potential barricade might be disappeared or reduced. Fig. 5 demonstrates a NACK state action will be launched, i.e. L1 RA mechanism wait for a period of random back-off time and re-transmit access preamble again and again till layer 2’s timeout.   
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Fig. 5. NACK response.
In another case, the access burst might be not detected due to low signal strength or loss of random access response. Fig. 6 illustrates the above two cases and corresponding retry flows. The right sub-figure can also be used to represent a case of “collision and not captured,” which means the UE’s access burst collides with another and it is not captured. Therefore, no access response will be sent and UE will timeout like the figure shown. In the UE, a timer is usually set to avoid infinite waiting for response message. When the timeout occurs, a random back-off mechanism is generally preferred to avoid collision with the same UE(s). 

[image: image6.emf]UE eNB

Random Access Preamble

Timeout State

L1 retry, 

Till L2 timeout

Random Access Preamble

[Zadoff-Chu Sequence]

 
[image: image7.emf]UE eNB

Random Access Preamble

[Zadoff-Chu Sequence]

Random Access Response

Timeout State

L1 retry, 

Till L2 Timeout

Random Access Preamble

[Zadoff-Chu Sequence]


Fig. 6. No response: loss of preamble, loss of access response, and collision w/o captured.

4. Conclusion
This contribution intends to overview layer 1 procedure of non-synchronized random access in E-UTRA system. Preliminaries for random access, like random channel allocation, access opportunities, and some relative parameters, are proposed. Furthermore, access procedures reacting to ACK/NACK/no response to access request (preamble) are also clarified in this contribution.
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