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1 Introduction

In LTE, non-synchronized RACH is based on slotted-ALOHA scheme. The following agreement have been reached by RAN1:
· Non-synchronized RACH uses dedicated time-frequency resource in a cell. Non-synchronized RACH transmission is allowed periodically for each cell. 

· RACH bandwidth is 1.25 MHz. Multiple RACH frequency blocks can be used to provide additional RACH opportunities.

· Basic access slot length is equal to the TTI duration of 1.0 msec.  Multiple access slots may be used for larger cell sizes.

· CDM with Zadoff-Chu ZCZ sequences are used.

· Up to 6 bits of control information can be carried implicitly.

In RAN2 #54, it was decided as the Working Assumption that all 6 bits are used for UE random ID. Assuming RACH access is provided every 10ms, 64/0.01 = 6400 RACH accesses per second are supported. In W-CDMA, access slot duration is 1.25 ms and the number of signatures is 16. The number of RACH opportunities is 16/0.0125 = 1280 per second. E-UTRA provides roughly 5 times more RACH opportunities than W-CDMA system and 1.25 times larger for the same bandwidth. However, the maximum throughput cannot be achieved in real system due to collision and retransmission.

In this contribution, we analyze the collision probability of random access and provide capacity estimate for non-synchronized RACH. Based on our analysis, collision can happen frequently and considerations for advanced schemes such as QoS mechanism, priority classes, or contention resolution are needed in LTE random access. 

2 Capacity Analysis

For analysis, the following assumptions are made:

1. Poisson Arrival: We assume that RACH arrivals from individual UE's follow independent Poisson process. Let ( be the arrival rate of RACH. Then, the offered load per access slot denoted as G is given by
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(Eq.  1)

  where TAS denotes the duration of the access slot.

2. Retransmission: Each unsuccessful RACH is retransmitted later with a random backoff time. It is reasonable to assume that retransmission also follows Poisson distribution. Load due to retransmission is not considered in the first-order analysis. 

3. Resource Selection: All access slots are available and all signatures are available in an access slot for UE. Each UE selects a particular signature randomly with equal probability p=1/S, where S is the number of signatures.

4. Number of UE's: We assume that infinite number of UE's are available and each new RACH originates from a new UE.

We use the notations shown in Table 1 throughout the document.

Table 1: Summary of notation

	Notation
	Description

	(
	Arrival rate of random access per second

	TAS
	Access slot duration

	G

S
	Arrival rate per access slot

Number of signatures

	RK
	Probability of having K users in an access slot

	PC,K
	Probability of K users simultaneously accessing the same access slot

	PC(G)
	Collision probability given offered load G

	Psuccess(G)
	Probability of successful RACH transmission given offered load G


2.1 Collision Probability

We consider a test preamble, indexed 0, trying to access an access slot. Suppose that K other users have selected the same access slot. Probability that there are K users in an access slot is
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(Eq.  2)

When user 0 competes for access with K other users, collision arises when any user(s) out of K users select the same signature as user 0. Collision probability for user 0 is given by
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(Eq.  3)

The collision probability PC (G) is obtained as
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(Eq.  4)

This probability is useful in finding the capacity of RACH. Figure 1 shows the collision probability depending on the offered load. The number of signatures is varied from 16 to 64. The figure illustrates that collision arises even for small load conditions. For 64 signatures, collision probability is approximately 0.1 for offered load of 8. Collision probability is 0.5 at offered load of 44, and it increases to 0.63 at offered load of 64. Due to large collision probability, RACH load due to retransmission increases, resulting in system instability. Retransmission also increases interference level and the problem gets even worse when power ramping is used for retransmission.  
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Figure 1: Probability of collision depending on RACH load. Offered load is the number of RACH attempts per access slot.

2.2 Throughput Analysis

Throughput is defined as the probability of success per access. A RACH attempt is considered successful when the access slot is not idle and the RACH is successfully detected without collision. At normal operating point, detection probability of RACH is considered to be high. In this case, probability of success is computed as


[image: image6.wmf](

)

(

)

(

)

,

11

Throughput = ()

1Pr[Idle]1()

1(1)

!

success

C

K

K

GkKkG

Kk

Kk

PG

PG

G

eCppe

K

¥

---

==

=-´-

=--

åå




(Eq.  5)

where probability of idle access slot is simply
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(Eq.  6)

Figure 2 shows the probability of success as a function offered load, as the number of signatures is varied from 1 to 64. As expected, when the number of signatures is small, capacity ( =peak throughput ) of non-synchronized RACH is very low. Another problem is that throughput is sensitive to load. With large number of signatures, not only the peak throughput increases, but also the region of stable operating point increases. Therefore, providing large number of signatures is important for RACH operation.
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Figure 2: Throughput analysis depending on RACH load. Offered load is the number of RACH attempts per access slot.

3 Summary

We have analyzed the collision probability and the capacity of non-synchronized RACH. We observe that

· If one access slot is used every 10 msec, the number of RACH opportunities in LTE is 6400 accesses per second. This is 1.25 larger than that of UMTS RACH if the same system bandwidth is considered. 
· Despite large number of RACH opportunities, collision probability is high, increasing retransmission.

· Sufficient number of signatures are needed to increase the peak throughput and for stable system operation.

Based on our analysis, we propose to further investigate

1. Vary the number of signatures for UE random ID depending on expected RACH usage and load. Use remaining signatures to support configurable control information. The factors that determine RACH load are

a. Cell radius and the number of users in a cell

b. Total bandwidth

c. RACH usage

d. System stability

2. For proper load control, create non-synchronized RACH sub-classes depending on cause, and allow load control per access sub-class. 

3. Use 3-state responses to non-synchronized RACH, by adding collision indication as a response from eNodeB. These are [ACK, DTX, Collision_Indicator], indicating correct detection of the signature, no detection, and detection of the signature from more than users. The third response allows the eNodeB to detect collision and send responses to the UEs so that collision can be avoided in sub-sequent transmissions.
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