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1. Introduction

The random access channel (RACH) is used for the initial physical channel connection including resource request for channel-dependent scheduling in the uplink. A simple channel configuration is required for the RACH to achieve fast acquisition. Basic views on non-synchronized [1]-[13] and synchronized [7]-[13] RACH were discussed and agreed upon through E-mail discussions after the RAN1#44 meeting. According to the agreement reached on the issue, this paper presents a more detailed RACH structure focusing on the non-synchronized mode based on the initial simulation results of the RACH structure in [14].

2. RACH Structure in Non-Synchronized Mode
2.1. General Feature of Proposed RACH in Non-synchronized mode

Through E-mail discussions, both non-synchronized and synchronized modes were agreed upon for the RACH with contention. We consider that between the two modes, the purpose of the non-synchronized RACH is very similar to the RACH in the existing cellular system: timing synchronization and initial physical channel setup etc. Meanwhile, the main purpose of the synchronized RACH after time alignment is different from that of the original RACH, i.e., scheduling request. Thus, we consider that further discussion on the actual physical channel is necessary for the purpose of scheduling requests after time alignment including the contention based synchronized RACH, scheduled shared data and L1/L2 control channel. Therefore, this paper focuses on the non-synchronized RACH, which mainly corresponds to the original purpose of the RACH. 

Proposed features for the RACH in the non-synchronized mode given below.

· Purpose of non-synchronized RACH
· The non-synchronized RACH performs physical channel setup including resource request for channel-dependent scheduling

· The non-synchronized RACH is also used for received timing measurements for time alignment
· Type of physical channel

· The RACH is transmitted as a contention-based channel [15]-[19].
· Available radio resources

· The RACH is transmitted only using the assigned frequency band at a sub-frame. The assigned frequency band is informed by using the downlink broadcast channel [19]
· The transmission timing of the RACH in the non-synchronized mode can be determined based on the received timing of the downlink signal such as the common pilot channel. The RACH is transmitted even before the received timing is aligned within the CP duration.
· Transmission power control

· The transmission power of the RACH can be determined by open-loop transmission power control.
· Frequency hopping

· Frequency hopping at each RACH packet is beneficial in improving the detection probability.
Figure 1 shows the basic structure of the RACH, which comprises a preamble part and a control message part. The preamble part and control message part are transmitted together to shorten the round trip delay. The preamble part transmits the preamble signature sequence and is primarily used for time alignment (received timing error measurement), and channel estimation for the control signaling message. The control message part conveys L2 control signaling, i.e., the minimum control signaling for channel setup including resource request for channel-dependent scheduling. The number of power ramping, which was adopted in W-CDMA, should be minimized by utilizing the orthogonal uplink feature and wide bandwidth in order to achieve rapid acquisition.
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Figure 1 – Basic structure of RACH

There are roughly two non-synchronized RACH procedures as shown in Fig. 2(a) and 2(b). Figure 2(a) is an example of the RACH procedure in the LTE_IDLE to LTE_ACTIVE state (initial access). Using this procedure, the UE establishes the uplink timing synchronization, acquires the UE ID (C-RNTI: Cell specific-Radio Network Temporary Identifier), and initial scheduling request. Figure 2(b) shows an example of the RACH procedure in the Dormant (DRX) to Active mode when uplink timing synchronization has failed or at handover. In this case, the UE already has the UE ID. This is because after a handover request from a UE is received, the original Node B transfers the handover request to the target Node B. Then, the target Node B will assign the C-RNTI in the target cell to a handover UE via the original Node B. At handover, the physical channel setup in the new (target) cell is performed by the RACH, i.e., the physical channel is reinitialized but higher layers above Layer 2 are maintained as necessary. Therefore, using this procedure, the UE establishes the uplink timing synchronization to the cell to be connected and the initial scheduling request.
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(a) LTE_IDLE to LTE_ACTIVE state
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(b) Dormant (DRX) to Active mode or at handover

Figure 2 – Non-synchronized RACH procedures

2.2. Control Information Conveyed by Proposed RACH 

The information conveyed by the proposed RACH is as follows. Note that some of the following information may overlap each other as described later.

· Signature sequence
· Transmitted from the preamble part

· Identify a random access attempt
· Good auto/cross-correlation and low power de-rating property is required.
· Note that if each UE selects a transmission frequency randomly within the allowed transmission bandwidth for RACH, a random access attempt is also identified by the transmission frequency in addition to the signature sequence.
· Random temporary ID
· Random temporary ID is used to distinguish the UEs before the UE ID is assigned by the cell site

· Random temporary ID may be partially represented by the other control information (for example, combination of the signature sequence and downlink CQI indicates the random temporally ID). Details are FFS.
· Downlink CQI

· Used for link adaptation (power control, etc.) in the downlink feed back channel, and used for initial channel-dependent scheduling

· Scheduling request information

· Used for the initial resource assignment at the scheduler.

· Purpose identifier [2]

· At least a 1-bit purpose identifier is required to distinguish whether or not the RACH is transmitted from the UE with the UE ID or not.
The transmission of CRC word on RACH [2] is FFS.

2.3 Candidate Methods to Convey Control Information using Preamble and Message Part

In the E-mail discussion, the information conveyed by the preamble and message part was not clearly specified. We can consider three candidate configurations to convey control message bits as shown in Fig. 3 (note that the RACH conveys the minimum control bits due to the restriction of a reasonable size). We assumed that the preamble part is defined as the transmission interval in which the signature sequence is transmitted. In any case, the preamble part is transmitted to achieve random access detection and timing adjustment. In Candidate 1, the preamble part transmits only the signature sequence and all control information is transmitted separate from the control message part. Candidate 2 transmits a part of the control information using the preamble part. Finally, in Candidate 3, all the control information is transmitted using the preamble part; therefore, a separate control message part is not necessary.
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(a) Candidate 1
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(b) Candidate 2
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Figure 3 – Candidates for transmission of control bits in RACH

Meanwhile, from the simulation results in [6],[14], the required lengths of the preamble part to achieve sufficient processing gain are approximately 0.3 and 0.8 msec for the inter-site distance (ISD) = 500 and 1732 m, respectively, to achieve the average miss detection probability of 10-2. Furthermore, the allowable number of the control bits for the control message part is restricted to very low level considering the required coverage as shown in [14]. In addition, very long transmission time interval (TTI) length for RACH to increase the number of the control bits should be avoided for the purpose of low latency and efficient radio resource usage. Therefore, considering the relatively long preamble length, it is effective to transmit at least a part of the control information by the preamble part using Candidates 2 or 3. 

The following are the possible methods to convey control information using the preamble.

· Approach 1: One-to-one correspondence between signature sequence and control information

We can represent some of the control information by the used signature sequence. For example, if the number of signature sequences is 16 (same as in W-CDMA) and the number of downlink CQI bits is two, i.e., 4-level classification of the downlink CQI, we can use a one-to-one correspondence between signature sequence and downlink CQI information as shown in Table 1. Therefore, downlink CQI bits can be transmitted using the preamble signature only in the example.

Table 1 – Example of transmission of CQI information by preamble signature
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To increase the number of the control information bits using this approach, we need to increase the number of the signature sequence candidates. However an increase in the number of signature sequence candidates brings about an increase in the correlation detection complexity level between the received signal and the signature sequence candidate. To avoid this, employing block-wise signature sequence transmission is beneficial as shown in Fig. 4.
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Figure 4 – Block-wise signature sequence structure

One of the signature sequence candidates is used at each block. Then, we can significantly increase the number of information bits that can be represented using the signature sequence, without introducing additional correlation detection between the received signal and signature sequence candidate. When there are 16 signature sequence candidates and four blocks, the number of patterns of the combination of the signature sequence becomes 164 = 65,536 (16 bits). 

· Approach 2: Multiplexing of the binary sequence which represents the control information on block-wise signature sequence (Hierarchical preamble structure)

Figure 5 shows the general illustration of the hierarchical preamble structure. The hierarchical preamble structure is applied to the block-wise preamble part. On each block, a binary sequence which represents control information is multiplied. The hierarchical preamble structure can be combined with Approach 1. The merit of the hierarchical preamble structure is increasing the number of control bits without lengthening the signature sequence that incurs the increased complexity in correlation detection.
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Figure 5 – Hierarchical preamble structure

It should be noted that in both approaches, the increased the number of control information bits conveyed by using the preamble part will degrade the detection probability of the preamble part. Therefore, careful design of the preamble part is necessary to achieve a tradeoff between the detection accuracy of the preamble and frequency efficiency (number of control bits conveyed by the preamble).

3. Conclusion

In this paper, the following basic agreeable views on non-synchronized and synchronized RACH in the ongoing e-mail discussion, we presented a more detailed proposed RACH structure focusing on non-synchronized mode. We suggest taking into account the described RACH structure with the following properties on the RACH design for E-UTRA.

· Control information bits to be conveyed by RACH

· Signature

· Random temporary ID
· Downlink CQI

· Scheduling request information

· Purpose identifier

· Efficient transmission of control information bits using preamble part
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