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1. Introduction

The larger cell deployment would use longer random access slots to meet the round trip delay and large signal fading. Therefore the sequence extension to larger cell size is required as discussed in [1]. However, the extension design is to support the UEs at cell edge, while the cell center UEs do not require such cell edge requirement for the random access. Therefore, we propose to discuss possible random access design for large cell deployment.

2. Discussion for Large Cells
Figure 1 shows the example of random access scheme in case of large cell deployment. The UEs at cell edge require more access slots than cell centre UEs for timing detection, due to round trip delay and delay spread of signal. Therefore regarding the location of the UE, i.e. the UE path loss, more or less access slots would be required for timing detection. 
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Figure 1: Example of random access slots requirement for timing detection
The required number of access slots for timing detection is related to the UE path loss, RTD and delay spread [1]. The antenna height is one of important factor as illustrated in Figure 2. Note that other link budget parameters such as penetration loss, shadowing loss, etc, should be also considered for better RACH design
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Figure 2. Number of required subframe (0.5 ms) according to cell-sizes and Node-B antenna heights;

Modified HATA model for path loss calculation

The issue that comes from Zadoff-Chu or GCL code sequence design is that the length of sequence have to satisfy the path loss and RTD requirement at cell edge [1]. As the sequence length is the same for all Ues within the cell, the cell center UEs will use the same number of access slots that is required for cell edge UEs, which results in wasting of radio resources. Therefore we propose to discuss possible ways and approaches to solve this issue.

2.1. RACH Design Issues for Large Cells 
As the cell size becomes large, there exist several design issues. Generally, large cells require long RACH length, which results also in large variance of path loss and round trip delay among UEs. The long RACH length incurs the large RACH overhead and inefficient resource usage. Following items can be considered at the design of large cell RACHs.
1. RACH requirements over regional UEs – Since UEs are distributed over a cell, the large cell-size will make significant difference on the UEs’ path loss and round trip delay. For example, if UEs are located close to Node-B, then RACH with 1 subframe will be sufficient for random access. On the other hand, if UEs are at cell border and the cell-size is very large, then 1 subframe will not be sufficent for random access. In this situation, if cell center UEs have no the other option except the RACH designed for cell border UEs, cell-center UEs will waste resource because the long RACH is over-sized for them. Figure 1 shows a situation where cell border UEs (R2 region) require the longer RACH than cell center UEs (R1 region) 

2. RACH overhead - In [1], it is indicated the possibility of radio access latency below 10ms. It means that the RACH period may be inserted at every 10ms (i.e., every frame). If RACH length is 1 subframe, then the overhead of RACH is just 5% (assuming 1.25MHz BW). However, if cell-size increases, the overhead of RACH will increase also and becomes significant.
3. RACH access opportunity – Since the performance target should not be degraded significantly up to 30km, as stated in LTE requirements, the radio resource allocated for RACH shall be minimized. If the RACH overhead is increased, the random access opportunity will decrease and the access latency will be increased consequently.
4. Other factors are # of subframes for RACH, antenna height at Node-B, sequence reuse factor, # of sequences per RACH slot for large cells.
2.2. RACH Sequences for Large Cells
2.2.1. Sequence Issues
Because of large path loss, long sequence is required for large cells. Regardless of extension type, the spreading gain comes only from the sequence length. However, the correlation of different extended sequence is better than that of repeated sequence since the correlation among CAZAC sequences is 
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is the length of mother sequences. Therefore, the detection probability at the multiple accesses on the same slot can be improved with the extended sequence. Moreover, the number of sequences is much more with extended sequences. For the repetition sequences, the orthogonality comes from circular shift thus orthogonal set becomes very low as the cell size increases... There can be two complexities: 1) hardware complexity and 2) computational complexity. Hardware complexity can be defined as the wafer-size of correlators, memory, sequence generator, and so on. The computation complexity is correlation time and sequence/signal generation. Generally, extended sequence requires more hardware/computational complexity than repetition sequence. 
2.2.2. Design Approach
Considering the different UEs requirements on RACH access, simply one type of sequence extension may not be helpful. Since target for the system design is to increase access opportunity and lower the collision probability, while maintaining the RACH overhead small enough. For example, the spreading gain for cell center UEs is much smaller than that of cell border UEs, which corresponds to sequence length. It means that if different length sequences are available for different regional UEs, more optimized RACH design is possible compared to the case of single length sequences. Since the number of total available sequences is also important, the extended sequence should be employed. However, over some threshold, we can see that the number of sequences is redundantly too much particularly for large cell deployment. Moreover, because the extremely long length sequence imposes complexity as indicated above, we should consider a hybrid scheme, which employs both extended method and repetition method to design sequence extension for large cell.

3. RACH Design Approaches for Large Cells (Segmented Access)
To reduce the RACH overhead and possibly reduce collision probability, we propose several approaches on the RACH design for large cells. The main focus is put on the UEs’ different random access requirement according to the belonging regions (UEs are differentiated by the belonging region and use different access scheme: “Segmented Access”). The reference scheme is that RACH is designed to satisfied cell border UEs. In the following, we will define two regions, R1 (cell center) and R2 (cell border) [the number of regions of following description is easily extensible if meaningful].
3.1. Different RACH allocation for different regional UEs
The simplest design for large cell can be like as shown in Figure 3. The basic principle of random access scheme is based on allocating the random access slots (time-frequency resources) and random-access preamble signatures set, according the pathloss level. According the estimated path loss the UE determines which random access resources are allowed to perform random access. The random access for cell edge and cell centre UE may be delayed in time (or frequency if system bandwidth is larger than 1.25MHz). UEs in R2 use the long RACH preambles (RACH B), and UEs in R1 use short RACH preambles (RACH A) and long RACH preambles (RACH B) because both channels satisfy the random access requirement of UEs in R1. This approach does not change the collision probability and random access latency of reference scheme. We note that the same target can be achievable with less RACH resource allocation. However, if the system bandwidth is limited to 1.25MHz, then this approach increases access latency of UEs in R2, where UEs in R1 have the same access latency. The occurrence of RACH A and RACH B may be configurable according to system requirement.
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Figure 3a. Physically different RACH allocation for regional UEs (BW > 1.25MHz)
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Figure 3b. Physically different RACH allocation for regional UEs (BW = 1.25MHz)
The minimum time interval between the access slots for long and short RACH should be defined. Two case are possible

· Reservation of random access slots within the same frame. The opportunity for data transmission within the frame is decreased due to RACH overhead, but the access period for short and long RACH is the same

· Reservation of random access within different frame. There will be more data transmission opportunity within the frames, but can have significant increase in RACH access delay.

3.2. Same RACH allocation with different interpretation

The design of Figure 3 does not guarantee the number of random access opportunity for each UEs compared to reference scheme. Additionally access latency can be degraded with 1.25MHz BW systems. Now consider the system shown in Figure 4, where the short RACH and long RACH are not separated physically. In this scheme, UEs in different region shall reinterpret the allocated RACH in predefined ways. For example, UEs in R1 consider the allocated RACH as two consecutive slots of short RACH (RACH A) so that they choose one slot randomly and then choose a random sequence of length 
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 to transmit random access signal. On the other hand, UEs in R2 consider the allocated RACH as one slot so that they choose a random sequence of length 
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 and transmit it. In this way, the collision probability can be lowered but the resource usage for RACH is not changed. We can easily see that the correlation property between long sequence and short sequence will affect the detection performance, where the detection probability should be checked. (Note: In average, the correlation is proportional to 
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. If the sequence length becomes half, the SINR among different access increases by 3dB.)
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Figure 4. Logically different RACH allocation for regional UEs

3.3. Sequence definition for regional UEs
The sequences to be used for RACH may have different forms according to UE regions. For example, if the RACHs of Figure 3 or Figure 4 are used, then the sequence for RACH A (UEs in R1) shall select a sequence with short length, while that of RACH B (UEs in R2) shall choose from the sequences with long length. Therefore, we have to redefine the usable sequences for them. On the other hand, if UEs use the same RACH structure as the reference scheme and they can be differentiated with different sequence set. The followings are how to assign sequences to each region for the regional access scheme.
3.3.1. Group divisions and different ZCZ definitions

Currently, 64 sequences (equivalent 6 bits) are assigned to each cell. For the defined groups, we divide them again into two subsets, one for R1 and the other for R2. Since the round trip delay in R1 will be shorter than R2, additional ZCZ can be defined for R1 region. (Instead of group division, two sequence set can be chosen for R1 and R2 and defined with different ZCZ size)
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Figure 5. Different ZCZ definitions

3.3.2. Common sequence

UEs in R1 is usually closer to corresponding Node-B and will have large path loss to the neighbor cells. Therefore, the usable sequences in R1 are not restricted to the assigned sequence to the cell. In other words, any sequence can be assigned for UEs in R1 and it will have negligible interference to neighboring cells. Then sequence planning for this situation is that only sequences for R2 are needed to be coordinated among cells, while the sequences for R1 has common sequence set over entire systems. In this case, the common sequence set can have the same length with sequences for R2 or the shorter length than that for R2 
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Figure 6. Assignment of cell-common and cell-specific sequences

3.3.3. Hybrid sequence utilization

If UEs in R1 want to use the short RACH as shown in Figure 3, then the correlation property between the long sequence and short sequence is not optimal. To avoid this situation, the sequence can be defined according to the size of R1, not the size of R2. That is, the sequence set is defined with cell radius of R1, with the extension method. For the UEs in R2, the extended sequence is used by repetition method for RACH signal generation, which results in using of the same sequence length for both R1 and R2. Additionally, because the sequence length is the same, the correlation property is not degraded within the same RACH slot. 
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Figure 7. Hybrid sequence extension

4. Conclusion

In this contribution, RACH requirement variance of each UE over large cells is indicated. As the cell-size becomes large, RACH overhead also increases severely. Considering the RACH overhead and RACH requirement variance, we proposed some possible approaches for RACH design in large cells deployment. 
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