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1 Introduction
During RAN1#43 meeting, some principles of EUTRA random access channel were proposed [1][2] and a general TP was agreed[3]. An important aspect of RACH design is to reduce the initial access delay.  This contribution gives our concerns and simulation results about some important factors which impact initial access delay, such as RACH access burst structure, message part length, and interval length between consecutive RACH sub-frames, etc.
2 Fast Physical Random Access Burst Scheme 
2.1 RACH Access Timing Denotation
RACH access timing in WCDMA is illustrated in Figure1. Relevant parameters are also shown in this figure. The time between consecutive preambles, between last preamble and acquisition indicator, and the time between last preamble and message part are denoted by (p-p, (p-a, and (p-m respectively[4]. 
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Figure1: Timing relation between PRACH and AICH in WCDMA
Generally, we define the RACH Access Time as from the beginning of the first RACH preamble to the end of the RACH message part. That is,



TRACH_ACCESS = (NRACH_ACCESS – 1) * (p-p + (p-m + TTTI
Where TTTI is the transmitting interval of message part, NRACH_ACCESS denotes the number of RACH access attempts before the AICH ACK is transmitted. RACH burst is assumed to be received without errors.
In the following simulations, we ignore the transmitting time for preamble and message parts. Thus the RACH Access Time is simplified as the following formula.
TRACH_ACCESS = (NRACH_ACCESS – 1) * (p-p + (p-m 
2.2 Random Access Time Performance 
In order to accelerate the initial access procedure especially for the real-time services in EUTRA，one mechanism is to bind  RACH preamble and message together [2], where message part only  includes a small payload, e.g., L2 control signaling for resource request. In this case, both RACH preambles and messages are transmitted in a contention-based way.
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Figure 2 – Binding Random Access Burst Structure
Based on the fast random access burst in Figure2, simulations are performed to evaluate the access delay of three kinds of RACH Bursts. 
· “Separate only” structure: separating preamble and message for all access services like WCDMA 
· “Binding only” structure: binding preamble and message for all access services
· “Hybrid” structure: for normal access services (>=90%), separating preamble and message; for real-time services (<=10%),  binding preamble and message
The simulation assumptions are shown in Table1. And in the simulation if the access attempt retransmission  times exceeds the maximum access attempt times, the access time is assumed as “the maximum  access attempt times+1” slots. 
Table1: Fast Random Access Burst timing simulation assumptions 

	Parameter
	Value

	RACH Burst Format
	Separate 

	
	Binding 

	
	Hybrid (Binding (10%) +Separated (90%)) 

	Bandwidth
	5M Hz

	Total Access Resource Units
	64

	Preamble Length (units)
	4

	Message Length(“mlen”) (units)
	1,4

	Collision Avoidance (CA) Method
	Probability Persistence Algorithm

	Access Service Class(ASC)
	0: Highest (Real-time Service， =10%)
1: Normal (=90%)

	Test user’s ASC
	0 

	Maximum Access attempt  times
	15

	Simulation time
	10,000 RACH Bursts
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Figure 3 –Access time performance for Fast Random Access Burst 
The “average access users per access resource unit” was defined as: 
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Where, 
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 is the number of the total access users that send the access attempt burst at the ith access time slot, 
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 is the number of the total access resource units available at same time. 
Figure 3 illustrates that 
· The “Hybrid” burst structure, compared to the other two structures (“Separate only” and “Binding only”), has shorter mean access time delay in low message payload case.
· In the case of “binding preamble and message” access burst, shorter message length, better mean access time performance. 

Obviously, in order to reduce the collision probability, the length of random access burst should be as short as possible. So the “Separate preamble and message” structure seems more favorable. However, for some real-time services, the “Binding preamble and message” structure is more preferred.
The other aspect that we should take into account is the length of the message part in the “binding preamble and message” because it will impact the access delay.  As shown in figure 3, the message part with 1/4 length of preamble part has better performance than separate burst structure if collision avoidance algorithm is applied, while the message part with the same length of preamble part has worse performance. Therefore, it is recommended that only some short control signaling can be transferred in the message part.
3 System Access Time Requirements
The interval between two consecutive access subframes ((p-p) is one of the most important factors that impacts the random access time. In this section, we will consider how long the interval is to meet the basic access latency requirement of EUTRA.
Simulations are performed to examine the mean access time according to different (p-p. The simulation assumptions are shown in Table2. 

 The “normalized payload” was defined as: 
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Where ,
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 is the number of the total access users that send the access attempt burst at the ith access time slot ,
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 is the number of the total access resource units available at same time, 
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is the number of resource units that the kth user’s access burst  occupied.
Table2: RACH access timing simulation assumptions 

	Parameter
	Value

	RACH Burst Format
	Separate Preamble and Message

	Bandwidth
	5M Hz

	Maximum Access Resource Units per Access Subframe
	64

	Preamble Length (units)
	4

	Message Length (units)
	4

	Collision Aviodance Method
	NA

	(p-m
	(p-p

	Normalized_Payload
	1.0,2.0,3.0

	Simulation time
	10,000 RACH Bursts
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Figure 4 –Access time performance for different ((p-p)
From the simulation results in figure 4, the random access subframe length, which meets the basic requirement for EUTRA initial access delay, can be calculated. For example, if the access delay requirement is 100ms in air interface, the random access subframe length of 10ms is appropriate when the Normalized Payload is less than 2.0.
4 Conclusion
In this contribution, we discussed the following issues on random access performance. 
· Random access burst structure
· Length of message part 
· The interval between two consecutive RACH subframes
These factors directly influence initial access delay requirement. From the simulation results, we suggest that
· The “binding preamble and message” structure can also be adopted for some faster access time requirement besides the “separate preamble and message” structure. That means a “Hybrid” access burst structure can be considered.
· The message part can only have a small payload, in which only some short control information can be transferred. 
· The interval between two consecutive RACH subframes should be constrained by the basic access latency requirement of EUTRA
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