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1. Introduction
Synchronized random access is used to request an uplink resource for data transmission with the reduced overall latency when the uplink is time-synchronized by the NodeB. It may be also used to adjust the uplink timing, when uplink transmission is not available. 
In this contribution, a synchronized RACH structure based on the current uplink sub-frame structure is described.

2. Synchronized Random Access Channel Structure

It has been proposed that the messages are sent along with the signature in a RACH burst. The messages transmitted with the signature may include the UE id information, data amount to send, service class and so on. In [3]-[7], TDM transmission of signature and message was proposed. 

However, depending on the environment and service, the required power levels for signature and message parts can be different. Controlling the length of message and signature is necessary to maintain the transmission power of a RACH burst constant. Another problem with the TDM transmission is the degradation of channel estimation performance for high speed mobile. In this contribution, a RACH burst on which the signature and messages are transmitted in a code-division multiplexed(CDM) manner, is described and a new synchronized RACH sub-frame structure is presented.
2.1. Message Transmission
Control information such as UE Id, buffer status, and downlink CQI can be transmitted on a synchronized RACH burst. Depending on the cell coverage and the QoS, the required power levels for the preamble and message parts would be different. A possible way to handle this without changing the synchronized RACH sub-frame format would be the CDM of the preamble and the message [2]. The CDMed preamble would also provide a better channel estimation performance, which in turn makes message decoding more reliable. 
Figure 1 shows the transmitter structure of the CDMed RACH burst. The signature component is transmitted in the I-phase and the data component is transmitted in the Q-phase. BPSK modulation is used for the data signal since it is conveyed only on the Q-phase. The gains of the preamble and the message part can be adjusted independently depending on the operation scenario.
The CAZAC sequences such as Zadoff-Chu and GCL in [8]

 REF _Ref144105198 \n \h 
[9] can be used as a preamble sequence since they have a good correlation property. In this contribution, Zadoff-Chu sequence as a preamble sequence is assumed. The Zadoff-Chu sequence of length M is defined in [8] as
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where p is the sequence index and is relatively prime to M.
The CDMed signal after multiplied by Zadoff-Chu sequence is modulated by SC-FDMA [1]. 
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Figure 1 Transmitter structure for the CDMed RACH burst
The PAPRs (Peak-to-Average Power Ratio) of several schemes employing SC-FDMA are compared in Figure 2. The transmitted signals considered are QPSK, Gaussian signals, Zadoff-Chu sequences (Gm=0 in Figure 1), and the CDMed RACH burst (Gm≠0 in Figure 1). The SC-FDMA modulation with spectrum shaping filtering (roll-off factor=0.22) in frequency domain is used for all schemes to reduce the PAPR [10]. The PAPRs of the schemes transmitting Zadoff-Chu sequences are averaged over all valid sequences of which indices are relatively prime to M. It is observed in Figure 2 that the CDMed RACH burst does not change the PAPR of the Zadoff-Chu sequence and the PAPRs of QPSK, Zadoff-Chu sequences and the CDMed RACH burst exhibit almost the same performances.
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Figure 2 PAPR comparisons
2.2. Synchronized RACH sub-frame structure

The synchronized RACH burst is composed of one TTI which corresponds to two sub-frames as decided in the last meeting at Tallinn. The preamble sequence of the synchronized RACH burst spans one TTI. The structure is shown in Figure 3. The preamble sequences can be used for channel estimation to decode message which are sent simultaneously [2]. The minimum RACH bandwidth, BWRA, is assumed to be 1.25MHz in this paper. Based on the uplink numerology of 1.25MHz bandwidth, a sub-frame should have 526 useful sub-carriers, since it consists of 6 long blocks and 2 short blocks having 75 and 38 sub-carriers, respectively. Among them, total 504(=72(6+36(2) sub-carriers are used for synchronized RACH transmission by considering the minimum resource block size (12 sub-carriers). The control information bits which are coded or uncoded, are repeated in order to make the length of message part equal to that of the preamble part. In this contribution, a CAZAC sequence of length 1008 (= 504 ( 2 ) is used as a preamble. The CDMed signal multiplied by a preamble sequence of length 1008 is split into 16 blocks of length 72 or 36. Each block of the signal is SC-FDMA modulated and then transmitted after CP is added.
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Figure 3 Synchronized RACH structure
Using a long CAZAC sequence as a preamble can provide a large number of signature sequences. The synchronized RACH burst structure described in this contribution can provide more preamble sequences than the TDM structure since the preamble sequence occupies the entire TTI (2 sub-frames). Therefore, it allows a large number of UEs to send synchronized RACH burst at the same time with the minimum latency and collision probability. 
3. Conclusions
A synchronized RACH structure which sends the signature and message in a CDMed manner, was presented. We showed that the PAPR of the CDMed RACH burst is almost the same as that of Zadoff-Chu sequences. The advantage of the synchronized RACH structure described in this contribution can be summarized as

· Flexible power allocation for signature and message

· Better coverage

· Better channel estimation performance

· Large number of preamble sequences 

We propose to agree on the proposed synchronized RACH structure and capture it into the relevant TR/TS for LTE. 
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