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1. Introduction

Random access channel (RACH) is used for the initial physical channel connection in the uplink. Simple channel configuration is required for the RACH to achieve fast acquisition. Furthermore, a short packet length is desirable in order to reduce the false detection probability and round trip time (RTT). The generic views and structure of the RACH in the E-UTRA uplink were presented in [1], [2]. This paper presents the RACH structure considering a link budget in the E-UTRA uplink. 

2. RACH Structure
Proposed features for the RACH are as follows.

· RACH performs physical channel setup.
· RACH is transmitted as a contention-based channel [3]-[7].

· Thus, RACH is transmitted only using the assigned frequency band at a sub-frame informed by the downlink broadcast control signaling [7]. 
· The transmission timing of RACH can be determined based on the received timing of the downlink signal such as the common pilot channel. RACH is transmitted even before the received timing is aligned within the CP duration.
· The transmission power of RACH can be determined by open-loop transmission power control.
· Frequency hopping (FH) at each RACH packet is beneficial in improving the detection probability.
Figure 1 shows the proposed RACH structure, which comprises a preamble part and a control message part. The preamble part is used for time alignment (received timing error measurement), signature detection, channel estimation for control signaling message, etc. The control message part conveys L2 control signaling, i.e., minimum control signaling for channel setup, such as the user ID, reservation information, etc. The preamble part and control message part are transmitted together to shorten the RTT. The preamble part is also used as a reference symbol for the demodulation of the control message part. The preamble part contains a signature sequence to identify a random access attempt. A signature sequence having a good auto-correlation property should be used. Note that since each UE selects a transmission frequency randomly within the allowed transmission bandwidth for random access in the proposed method, the transmission frequency is also identified by a random access attempt in addition to the signature sequence. Power ramping, which was adopted in W-CDMA, is to be avoided if possible in order to achieve rapid acquisition. As for transmission timing alignment, pilot symbols belonging to the shared data channel are also used to achieve continuous timing alignment in addition to the RACH at the initial acquisition.
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Figure 1 – Basic frame structure of RACH

At handover, physical channel setup in the new (destination) cell is performed by the RACH, i.e., physical channel is reinitialized but higher layers above L2 are maintained. After a handover request from a UE is received, the original Node B transfers the handover request to the destination Node B. Then, the destination Node B will assign the radio network temporary identity (RNTI) in the destination cell to a handover UE via the original Node B. Finally, the handover UE will transmit the RACH using the assigned RNTI.
3. Transmission Signal for RACH

It was reported in [8] that localized transmission is better than distributed transmission for at least the preamble part of the RACH. This is because side-lobe components appear the in time domain when distributed transmission is used. Therefore, localized transmission is preferred for at least the preamble part. The effect of distributed transmission for the control message part is FFS.


We investigated the optimum transmission bandwidth of the RACH based on the tradeoff relationship between the increasing frequency diversity effect and degradation due to the channel estimation error. Table 1 lists the radio parameters assumed in the evaluations. We assume QPSK modulation and Turbo coding with the coding rate of R = 1/3. We employ the CAZAC sequence for the pilot channel sequence to achieve good auto-correlation. In the system-level simulations, we assume a 19-cell configuration, in which each cell has three sectors. The maximum transmission power of a UE is set to 24 dBm. The penetration loss of 20 dB is considered. Ideal open-loop transmission power control with the target signal energy per symbol-to-noise power spectrum density ratio (Es/N0) of 10 dB is assumed, in which only distance-dependent path loss and shadowing variation are compensated.

Table 1 – Simulation parameters
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Figure 2 shows the average PER performance of the RACH as a function of the average received Es/N0 per receiver branch in the link-level simulations. The PER performance levels with 1.25 and 5-MHz transmission bandwidths are shown for the six-ray TU and Pedestrian-B channel models. The performance with ideal path timing detection and ideal channel estimation are also given as a reference. Figure 2 shows that the required average received Es/N0 at the average PER of 10% with a 5-MHz bandwidth is reduced by approximately 1.5 dB compared to that with the 1.25-MHz bandwidth. The results indicate that even considering real path timing detection and channel estimation, the PER improvement due to the increasing frequency diversity exceeds the degradation due to the channel estimation error. Consequently, we prefer the 5-MHz bandwidth transmission for the RACH from the viewpoint of reducing the required received Es/N0. In the case of the 1.25-MHz bandwidth transmission, the collision probability can be decreased by the orthogonality in the frequency domain compared to the 5-MHz bandwidth. Therefore, the final bandwidth is to be decided based on throughput evaluations considering contention.
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Figure 2 – Average PER performance comparison between 1.25 and 5-MHz transmission bandwidths

4. Packet Size of RACH

In this section, we first investigate the required spreading (repetition) factor from the viewpoint of the link budget. We investigated the packet size of the RACH from the obtained spreading factor. Figure 2  shows that the required average received Es/N0 at the average PER of 10% becomes approximately 0 dB for QPSK modulation with R = 1/3 using the 5-MHz transmission bandwidth.


Figure 3 shows the cumulative distribution function (CDF) of the average received Es/N0 for the ISD of 500 and 1732 m with the channel load of the surrounding cells as a parameter, and without transmission power control (TPC). Thus, a UE transmits the shared data channel with full power. Furthermore, Fig. 4 shows the CDF of the average received Es/N0 when open-loop TPC is applied. In these figures, we assume ideal intra-Node B orthogonality whether by frequency and/or code domain. Figure 3 shows that the required average received Es/N0 at the 95% CDF with the ISD of 1732 m is approximately -18 and -20 dB for the channel load of 50 and 100%, respectively, without TPC. Furthermore, we see from Fig. 4 that they become approximately -16.5 and -18 dB for the channel load of 50 and 100%, respectively, when open-loop TPC is applied. Comparing Fig. 4 to Fig. 3, the open-loop TPC is necessary to reduce the interference to other cells when a UE is located near the cell boundary.  


From the CDF of the received Es/N0 in the system-level evaluation and the PER performance in the link-level evaluation, we see that the processing gain of approximately -13 dB and -18 dB is necessary for the ISD of 500 and 1732 m, respectively, with the 5-MHz transmission bandwidth for a full channel load case. Accordingly, the maximum spreading factor of approximately 16 and 64 is necessary for the ISD of 500 and 1732 m with the 5-MHz transmission, respectively. Assuming the spreading factor of 16 to 64, we assess the number of information bits accommodated when the packet length is 0.5, 1.0, and 2.0 msec. We assume the RACH structures for respective packet lengths as shown in Fig. 5. In the figure, we assume that two small blocks (= 66.6 sec) within the RACH burst duration are consumed for the guard time or extended cyclic prefix for the RACH regardless of the packet length. Tables 2(a), 2(b) and 2(c) give the number of information bits assuming the spreading factor of 16, 32 and 64 with the preamble length as a parameter. Table 2(a) indicates that when the spreading factor is 64, the packet length of the RACH should be long such as 2 msec to convey the control signaling bits required channel setup. We also see from Table 2 that if we decrease the spreading factor value, we can shorten the RACH packet length. Therefore, adaptive spreading gain control according to the path loss is an alternative candidate to shorten the RACH packet length at the sacrifice of increasing the reception complexity at a Node B.
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Figure 3 – CDF of the average received Es/N0 without TPC
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Figure 4 – CDF of the average received Es/N0 with open-loop TPC
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Figure 5 – Temporary assumption of RACH structures for respective packet lengths

Tables 2 – Number of information bits for RACH (5 MHz bandwidth)

(a) Spreading factor is 64
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(b) Spreading factor is 32
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 (c) Spreading factor is 16
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5. Reservation-Based Access

As we presented in Section 2, the setup of all physical channel is performed using the RACH. Therefore, we propose  reservation-based transmission for all traffic data and L3 control signaling in a unified manner as shown in Fig. 6.  In the figure, contention does not occur for the succeeding data part, since the shared data channel is scheduled.
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Figure 6 – Reservation-based transmission
6. Conclusion

This paper presented the RACH structure for the E-UTRA uplink. The proposed features for the RACH are as follows.

· RACH performs the physical channel setup.
· RACH is transmitted as a contention-based channel.

· Thus, RACH is transmitted only using the assigned frequency band at a sub-frame informed by the downlink broadcast control signaling. 
· The transmission timing of RACH can be determined based on the received timing of the downlink signal such as the common pilot channel. RACH is transmitted even before the received timing is aligned within the CP duration.
· The transmission power of RACH can be determined by open-loop transmission power control.
· Frequency hopping (FH) at every RACH packet is beneficial in improving the detection probability.

Furthermore, considering the link budget, the initial estimation of the number of the bits that can be conveyed by the RACH was presented.

7. Text Proposal

---------------------------------  Start of Text Proposal  -----------------------------------------------------

9.1.1.3 Channel coding and physical channel mapping
9.1.1.3.X Random Access Channel structure
Following Random Access Channel (RACH) and random access procedure should be considered.

· RACH performs the physical channel setup.
· RACH is transmitted as a contention-based channel.

· Thus, RACH is transmitted only using the assigned frequency band at a sub-frame informed by the downlink broadcast control signaling. 
· The transmission timing of RACH can be determined based on the received timing of the downlink signal such as the common pilot channel. RACH is transmitted even before the received timing is aligned within the CP duration.
· The transmission power of RACH can be determined by open-loop transmission power control.
· Frequency hopping (FH) at every RACH packet is beneficial in improving the detection probability.
---------------------------------------- End of Text Proposal --------------------------------------------------
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