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1 Introduction

While several issues on the initial RACH for LTE have been raised in the previous meetings, there might be some other issues to be discussed. The main purpose of this contribution is to summarize such issues on the initial RACH for LTE. 

The characteristics of initial RACH signals can be summarized as follows

- No time and frequency synchronization between the UE and BS

- No UE information at the BS

Based on such characteristics, the following issues should be discussed on the initial RACH for LTE

- The transmission bandwidth for initial RACH

- The multiplexing issues such as the RACH signature identification and the co-existence between traffic and RACH signals over either frequency domain or time domain

- The performance requirements for initial RACH

- Physical modulation schemes for initial RACH signals

- Other issues such as cell size, procedure and power control

The above issues are discussed in the following chapters

2 Initial RACH Tx bandwidth
In the previous meetings, several documents suggested that the initial RACH should support scalable BW [4][5]. However, the specification becomes too complicated to support all cases of scalable BW. Therefore, it is better to group the supporting BWs into a few categories. 

Two factors are most important in deciding the categories. One is Minimum UE Tx BW capability and the other is System BW of service providers. Note that the basic policy is minimizing the supporting cases in order to simplify system implementation. 

For the former factors, it is better to set the minimum UE Tx BW as 5 MHz, which is the same to WCDMA FDD cases. That means, even though a LTE system has over 5MHz System BW, it should operate initial RACH in less than or equal to 5MHz BW. To define the exact RACH BW, other issues such as detection performance and performance requirements should be clarified. But it is difficult to discuss them in this meeting because they are related to other WGs.

For the latter factor, there can be two approaches. One approach is to develop two different schemes for system BW less than 5 MHz and greater than or equal to 5 MHz, respectively. This approach is similar to WCDMA TDD case. The other approach is to make schemes for all possible RACH BW and, then, the system choose one or more among those candidates.

If several RACHs with the same or different BW co-exist in a cell, there can be two operating ways. One is deploying RACHs independently over frequency domain and time domain [5][6]. The other is overlapping two different-BW RACHs in frequency and time domain as shown in Figure 1 [5]. This occurs when there are several UE categories and the maximum RACH BW is greater than the smallest BW value among the used UE Tx BW categories. The former way is so general that it does not need further description. However, the overlapping way needs more discussion on the performance. For an example, if the collision occurs between two different-BW RACH attempts, the detection probabilities of two RACHs are not identical. So, it needs more discussion on the performance of overlapping schemes. 
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Figure 1. Overlapping of random access channels of 1.25 MHz and 5 MHz BW [5]

3 Multiplexing issues

3.1 Multiplexing of RACH and data traffic

When RACH BW is smaller than System BW, the remaining frequencies can be used for the traffic of other users [6]. As described in the introduction, with SC-FDMA modulation, the received initial RACH signals at the BS are not time synchronized with other traffic signals due to round trip delay and give interference to other subcarriers. According to the researches [10], if the timing difference exceeds cyclic prefix, the inter-carrier interference to adjacent frequencies is very high. In this regard, localized scheme should be used for RACH BW allocation rather than distributed allocation. Of course, the guard frequencies are required even for localized RACH BW, which should be investigated later. 

At a sub-frame where RACH is transmitted, resources for traffic would be decreased or not be assigned. There could be an impact on latency for traffic. Variation of resource for traffic in the time domain could have an impact on the H-ARQ operation. Applicability of the synchronous ACK/NACK transmission (for Downlink traffic) or synchronous data retransmission for Uplink data should be considered jointly with the RACH design (in HSDPA ACK/NACK transmission is synchronous but data retransmission is not whereas for E-DCH both data retransmission and ACK/NACK transmission are synchronous).
3.2 Multiplexing of RACH preamble and message

Figure 2 shows two types of multiplexing of RACH preamble and message. That is, one part transmission of RACH and two part transmission of RACH. 

The one part transmission is composed of RACH preamble and RACH message. The preamble part is used for time alignment, signature detection, channel estimation and so on. The RACH message conveys upper layer signalling such as UE identity, establishment cause, downlink measurement etc. Using those parameters, network can establish channels for the UE. If the one part transmission is used in a cell, the preamble and message can be acknowledged by UE identity and resource should be reserved for RACH message.

In case of the two part transmission of RACH, UE shall transmit the RACH preamble and RACH message separately. In this case, the UE can transmit the RACH message when the RACH preamble is acknowledged by the network. The contents of RACH preamble and message are similar with the one part transmission except that the acknowledgement is done by a preamble signature, detected time, and frequency allocation. Because RACH message can collide with preamble of another UE it should be scheduled on shared uplink channel. But this scheme may make the RACH procedure too complicated and needs more latency compared with the one part transmission.
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(a) one part transmission of RACH
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(b) two part transmission of RACH with preamble acknowledgement

Figure 2. Multiplexing of RACH preamble and message

4 Initial RACH performance requirements
The performance requirements of the LTE initial RACH signals have not been discussed yet. However, the requirements should be determined ASAP since they give great effects on RACH configurations. 

While WCDMA RACH signatures can be continuously transmitted, LTE initial RACH hardly uses continuous transmission since it should reserve initial RACH resources over time and frequency and such resources cannot be used for traffic even when there is no RACH attempt. That is the main reason why system manager should be careful to allocate RACH to maximize the effectiveness. 

The requirements are up to other WGs and could be expressed as the false-alarm probability and the missing probability with fixed time duration. In addition, the definition of false-alarm probability should also be defined.

5 Modulation schemes 
TR 25.912 recommends SC-FDMA as the modulation scheme for uplink, and the channel equalizer operates on frequency domain to ease the computational complexity [2]. Maintaining such recommendations, the transmission structure of LTE initial RACH is shown in Figure 3 where K is the number of RACH preamble signatures assigned to a cell
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Figure 3. Tx block diagram for LTE initial RACH 
The length of the RACH signature, M, depends on RACH BW while the number of time domain samples, N, depends on system BW. Note that the transmitter structure in Figure 3 is fully compatible with the transmission blocks for traffic. To help understanding, an example of frequency-domain detector of initial RACH is shown in Figure 4. 
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Figure 4.  Rx block diagram for LTE initial RACH (An example)
The performance of initial RACH depends largely on the properties of RACH signatures. The RACH signature set should have low cross- and auto-correlations, low PAPR and large number of elements. A random-code can be a candidate, but shows relatively high PAPR.

However, Zadoff-Chu CAZAC (Constant Amplitude Zero Auto Correlation) signatures can be a good solution for initial RACH signatures. Since the frequency-domain responses of CAZAC also have CAZAC properties [11], the initial RACH scheme with SC-FDMA CAZAC shows low PAPR and stable detection performance with a frequency-domain detector. This means the CAZAC sequences matches well with SC-FDMA RACH schemes. 

The RACH signature identification and the cell identification can be obtained by grouping the set of CAZAC codes into several subsets and assigning each subset to each cell. Since the number of Zadoff-Chu CAZAC codes is proportional to the RACH BW, the number of CAZAC subset might be too small for small RACH BW. In this case, if the RACH BW is smaller than System BW, the CAZAC can be re-used at adjacent cells where RACH is allocated to the difference frequency. Regarding the number of CAZAC sequences, the previous contribution described it well [8][9]. 

On the other hand, it is possible to use time-domain detector for LTE initial RACH that uses matched-filter configuration. Basically, there may be no performance difference between time-domain detection and frequency-domain detection over AWGN, but need further simulations over real fading channels. 

6 Performance evaluation of given example schemes
To help the LTE initial RACH design, the simulation results with the condition of table 1 are shown in this section. Note that the parameters are almost compatible for the long block of SC-FDMA UL traffic. 

Table 1. The parameters and assumptions for simulation

	Symbol duration
	66.67 (sec

	Number of Rx antennas
	2

	N (FFT Size / Samples in a symbol)
	512 samples

	Nu (used subcarriers in a system BW)
	300 subcarriers (5MHz)

	Number of subcarriers for RACH BW (localized)
	- Case 1 : 300 subcarriers (5MHz), 

- Case 2 : 75 subcarriers (1.25MHz)

	M (the largest prime number)
	- Case 1 : 293 subcarriers (5MHz), 

- Case 2 : 73 subcarriers (1.25MHz)

	K (number of signature in a cell)
	16

	Traffic Mux for other freq.
	None 

	Channel 
	TU, 3Km/h

	Txed RACH symbols
	2 (but effectively, 1 symbol is used at detector : See figure 3)

	Round trip delay 
	Less than 1 symbol duration

	Detector
	Frequency-domain detector

- Scheme 1 : Threshold detection

- Scheme 2 : Maximum-based detection [7]

	RACH codes
	- For PAPR, both CAZAC and Random

- For detection probabilities, only CAZAC


For simulation, the considered scheme transmitted the identical two symbols continuously since the detector could use FFT processes for frequency domain detection at a fixed time to reduce the computational complexity. In this manner, the detector could get 1-symbol energy for a detector without considering round trip delay as depicted in Figure 5. In this figure, we assume that the RTD is less than one symbol. But, RTD larger than one symbol could be supported easily by repeating the same detection over several RACH symbols.


[image: image6]
Figure 5. Detection window for frequency-domain detector

Figure 6 shows the PAPR comparison of 5 MHz RACH Tx signals with binary random signatures and CAZAC sequences where we assume that the system BW is also 5 MHz. The CAZAC signature scheme shows about 2dB gain over the random signature scheme. The x-axis is the index of the signature. 
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Figure 6. PAPR comparison between CAZAC sequences and random sequences

According to above regards, the detection performances were obtained with SC-FDMA initial RACH with only CAZAC signatures. 

At first, to show the limiting performance, we assumed that the detector in Figure 4 tries to detect only one signature of which detector output has the largest value. We called this scheme as Maximum-Based Detection Method [12]. If the detected signature is not matched for the transmitted signature, it is called the erroneous detection. This is not the realistic detector schemes, but can show the limit of performances. Figure 7 shows the probabilities of erroneous detection with Maximum-Based detector, where CINR means the signal-to-noise ratio of a subcarrier. In the simulation, we assume that only one RACH signature is received at the detector. The performance gap of two curves is about 6dB, which is equal to the gain by BW expansion ratio.
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Figure 7. Probabilities of Erroneous detection with Maximum-Based Detection Method.

To observe realistic performance, we considered Threshold Detection Method [12] in which the detector tries to detect multiple signatures simultaneously of which output exceeds the given threshold. The used notations for performances are shown as follows. It is also assumed that just one RACH signature is transmitted in the simulation. 
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The missing probabilities for 1.25 MHz and 5 MHz RACH BWs are shown in Figure 8 where the threshold is controlled to maintain a 0.01 false-alarm probability. We do not consider RACH retransmission, and use one-shot transmission. The figure shows that the 1.25 MHz BW RACH cannot achieve 0.01 missing probability over TU1 3Km/h channels. To achieve 0.01 missing probability for 1.25 MHz RACH BW, the condition of false-alarm should be alleviated. 
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Figure 8.  Missing probabilities with threshold detector where false-alarm probability is 0.01
7 Other issues
There remain several issues except previously described ones. 

The first one is maximum cell size which is defined as 30 km for RACH in TR25.913 [3]. If we divide cell size into several options, we could use the resources more efficiently since the resource reserved for RACH might be varied according to the cell size.
The second one is related with RACH procedure. To reduce the call-setup latency, it is better to combine some messages into initial RACH transmission. On the other hand, in this case, the resources for messages should be reserved and it may not be efficient. This is largely related with RACH performances and message size, and we need further discussion. 

The last one is power control for RACH signals. To minimize the call-setup latency, it is better to transmit RACH signal with maximum Tx power, but gives much interference to other cells. To cope with the other-cell interference, it is better for UEs to transmit at the proper power with the same QoS. And because of the channel difference between UL and DL in FDD mode, it might be desirable to use power-ramping scheme for retransmission.
8 Conclusions
This document deals with the several issues on initial RACH scheme for LTE. 

To develop the discussion on initial RACH, the requirements of initial RACH such as performances and included information should be determined.
Among the described initial RACH issues, this document recommends the following approaches for further discussion on initial RACH for LTE.

· Minimum Tx BW of LTE UE capability is 5MHz just like WCDMA FDD case to simplify the configuration

· The modulation scheme of RACH signals is localized SC-FDMA scheme to prevent inter-carrier interference

· The RACH signatures are CAZAC because of PAPR and stable performance with frequency-domain detector

· If time duration of one initial RACH channel exceeds one sub frame, RACH structure has several classes according to various cell sizes. The service provider can select a suitable RACH class to enhance efficiency.
The issues to be discussed on RACH are summarized as follows:

· Multiplexing of RACH preamble and message

· Multiplexing of RACH and traffic

· Overlap / no overlap of RACHs with different BWs.
· Number of Zadoff-Chu CAZAC codes
· Initial RACH procedures and power control

· The frame format and modulation scheme of initial RACH
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