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1. Introduction

Basic requirement of RACH is to satisfy the round trip delay and path loss regardless of the UE speed, frequency offset, cell-size, and so on. Current working assumption on the basic RACH allocation is 1ms TTI RACH with 0.8ms preamble length. With guard time of 100us, the cell-size can be covered up to 15km. However, there is situation, where the cell-size can be much larger than 15km and should be supported at least 30km as stated in [1]. On the other hand, we also noted that the frequency offset incurs some restriction on the sequence design so that the sequence reuse factor is reduced. And the repeated preamble is much better than just using short preamble [2]. Therefore, short preamble within 1ms does not look well if preamble shall be repeated and guard time is increased to support larger cell-size. In the following, we consider how to allocate the multi-TTI RACH to support large cells.
2. Discussion for Large Cells
As shown in [3], before consideration on the RACH preamble length, the minimum supportable data rate should be met for UEs accessing RACH. Assuming basic RACH preamble length is calculated to satisfy the lowest MCS level, we also should consider the number of available root sequence and ZCZ sequence for RACH preamble. To support large cells, where ZCZ sequences are not available or too small, the required number of root sequences amounts up to around 64*7=448 (for 1 tier allocation), which is corresponds to 416us. With two times repetition, the remained time duration for CP and Guard time is 168us, which corresponds to cell-size of 12km. Therefore, multi-TTI RACH is required for larger cells to avoid the cell-planning issues. 
However we note that the RACH access requirement for UEs overall cell can be different, i.e., different path loss, different round trip delay, different UE speeds, and so on. In Figure 1, the simplified situation is described for different round trip and path loss illustration according to UE distance to Node-B. Among UEs within the serving cell, some has much better status (short round trip delay and good path loss status) and the other does not. For the good status UEs, the multi-TTI RACH is not required for them while the RACH design is to accommodate the worst case UEs. Moreover multi-TTI RACH will consume too much resource and can be large overhead. Here, we propose a few methods for multi-TTI RACH allocation.
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Figure 1: Example of random access length requirement for different UE requirement
2.1. RACH Design Issues of multi-TTI RACH 
As the cell size becomes large, there exist several design issues. Generally, large cells require long RACH length because of the large variance in RACH requirement among UEs. However, multi-TTI RACH wastes precious time-frequency resource of uplink. Therefore to support large cell, we need to consider following issues for multi-TTI RACH.
1. Number of Available Sequence: Since large number of sequences is used for single cell, the number of available sequence becomes important for large cells, where the number of ZCZ sequences of a root sequence decreases and so does the sequence reuse factor. 

2. Number of Preamble Repetition: Since frequency offset incurs large false alarm rate and the false alarm wastes both the downlink and uplink resources, preamble design should be robust on the frequency offset. 

3. RACH overhead: Since multi-TTI RACH occupies multiple TTIs, the total overhead can be significant for small bandwidth system. Overhead reduction method should be discussed for multi-TTI RACH allocation.
4. Other factors are # of TTIs for RACH, antenna height at Node-B, sequence reuse factor, # of sequences per RACH slot for large cells.
2.2. RACH Sequences for multi-TTI RACH
Although current working assumption is to use single sequence length for RACH, it seems to reconsider it for large cells because the number ZCZ sequences become small. If preamble repetition is used and current working assumption is maintained, then the sequence reuse factor for large cell reduces to 7, which is too small. We can consider the RACH length specific sequences at least up to 2ms TTI RACH (i.e., sequence definition for 1ms RACH and another definition for 2ms RACH), otherwise we will have to perform cell-planning if there exist large cells.

In the following, we consider the overhead reduction of multi-TTI RACH based on self-classifying UEs.

3. Segmented Access: Design Approaches for multi-TTI RACH
To reduce the RACH overhead, we propose several approaches on the multi-TTI RACH design for large cells. The main focus is on the UEs’ different random access requirement, according to its path loss or current speed or round trip delay. It is common-sense that the RACH allocation is designed according to worst case UEs’ requirement. 
3.1. Simple RACH allocation for all UEs

If we do not consider the different requirements of different UEs, the simplest approach for multi-TTI RACH allocation will be as like in Figure 2. The Node-B schedules the multi-TTI RACH at every RACH allocation time-frequency positions to accommodate all the UEs. However, since the RACH slot is designed for worst case UEs (particularly due to round trip delay and somewhat pathloss depending on the deployment environment), this allocation is not efficient for UEs with good access condition, where most of the time such UEs may be majority. We can see the following pros and cons with Figure 2 scheme:

- Pros:  Simple allocation scheme (simple signaling on BCH)

- Cons: Waste of time-frequency resource
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Figure 2. Simple RACH allocation; 
1) multiple RACH slots per period (upper) and 2) single RACH slot per period (lower)

3.2. Different RACH allocation for different UEs requirement
Considering the different requirement according to UEs situation, we can use the RACH allocation scheme as shown in Figure 3. Note that the RACH length is not uniform. Actually we can define several RACH length with different allocation period and classify the RACHs into different access classes. Then, UE’s estimation on RACH requirement will be the downlink path loss, its moving speed, approximated uplink timing from the signal measurement on the uplink bandwidth, and so on. Based on the UE’s estimation, UE chooses proper RACH class to use and corresponding sequence of that class. Note that this kind of approach provides best opportunity for the good conditioned UEs and degraded service to the bad conditioned UEs, for whom the best service is not possible in the point of overall system performance. The most clear benefit of the multiple RACH classes is the RACH overhead reduction with scalable RACH access performance according to UEs signal condition.
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Figure 3. RACH allocation for segmented access to reduce the RACH overhead; 1) multiple RACH slots per period (upper) and 2) single RACH slot per period (lower)
We can see the following pros and cons with Figure 3 scheme:
- Pros: Less resource is allocated to RACH for large cell deployment

- Cons: Signaling information may be increased in BCH due to different RACH allocation
Table 1 gives the RACH overhead for several cases. With the RACH allocation as in Figure 2 and 3, we can see the RACH overhead reduction. Assuming a little longer latency for bad conditioned UEs, this overhead can be further decreased. Since the RACH requirements are different among UEs, we don’t need to stick to one single allocation format. 

	UL System BW (MHz)
	1.25
	2.5
	5
	10
	15
	20

	RACH Slots per Assignment (Ns)
	<=1
	<=2
	<=4
	<=8
	<=12
	<=16

	RACH Overhead
Case 1
	P
	10
	0.100 
	0.050 
	0.025 
	0.013 
	0.008 
	0.006 

	
	Ns
	1
	
	
	
	
	
	

	
	N
	1
	
	
	
	
	
	

	RACH Overhead
Case 2
	P
	10
	0.200 
	0.100 
	0.050 
	0.025 
	0.017 
	0.013 

	
	Ns
	1
	
	
	
	
	
	

	
	N
	2
	
	
	
	
	
	

	RACH Overhead
Case 3
	P
	10
	0.300 
	0.150 
	0.075 
	0.038 
	0.025 
	0.019 

	
	Ns
	1
	
	
	
	
	
	

	
	N
	3
	
	
	
	
	
	

	RACH Overhead
Case 2 - Segmented
	P
	10
	0.150 
	0.075 
	0.038 
	0.019 
	0.013 
	0.009 

	
	Ns
	1
	
	
	
	
	
	

	
	N
	2
	
	
	
	
	
	

	
	SR
	0.50 
	
	
	
	
	
	

	
	Reduction (%)
	25.000 
	25.000 
	25.000 
	25.000 
	25.000 
	25.000 

	RACH Overhead
Case 3 - Segmented
	P
	10
	0.200 
	0.100 
	0.050 
	0.025 
	0.017 
	0.013 

	
	Ns
	1
	
	
	
	
	
	

	
	N
	3
	
	
	
	
	
	

	
	SR
	0.50 
	
	
	
	
	
	

	
	Reduction (%)
	33.333 
	33.333 
	33.333 
	33.333 
	33.333 
	33.333 


Table 1. RACH Overhead Comparison: P = RACH Period (ms), Ns = Number of RACH Slots per Period, N = RACH Length (ms), SR = RACH Slot Ratio with 1 TTI length

3.3. Same RACH allocation with different interpretation

Regardless of the multi-TTI RACH allocation method, because of the round trip delay for large cell, the number of ZCZ sequences is reduced and the sequence reuse factor becomes small. In addition, we note that the preamble repetition is required for high speed UEs and large path loss UEs, where they show poor channel status. Therefore, the preamble repetition can be a UE-information (such as CQI) if the preamble repetition is assumed for RACH access. Consider Figure 4, where the repetition is considered as UE’s information. This scheme can be applied to even for 1ms RACH if the preamble is repeated.
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Figure 4. Maximum 3 repetition allowed; 3 kinds of information is possible
We can see the following pros and cons with Figure 4 scheme:

- Pros: More information is conveyable with less number of sequences
- Cons: Node-B should try three hypotheses. 
4. Summary

This contribution issues that the different RACH requirement among UEs should be also considered. Particularly, if multi-TTI RACH is adopted for large cells, the design should consider the number of available sequences, the number of repetition, and RACH overhead amount.
5. References
[1] 25.913, “Requirement for Evolved UTRA (E-UTRA) and Evolved UTRAN (E-UTRAN)”
[2] R1-063162, “RACH Design under Frequency Offset”, LG Electronics
[3] R1-062914, “Required RACH Preamble Length”, IPWireless


























































































































































































































































































































































