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1
Introduction

In this contribution we describe a framework for the E-UTRA access procedure. The goal behind the proposed procedure is to facilitate reduction of the control channel overhead, which could consume a large portion of uplink capacity. The faster UE can access the system and establish uplink synchronization, the faster eNode B can release resources assigned to UE.  
2
Access procedure
The random access procedure is utilized whenever UE is not uplink synchronized and it wants to exchange data with eNode B. There are two distinct scenarios that we want to address in this contribution:

1. UE transitioning from RRC_IDLE state
2. UE is in RRC_CONNECTED state 

In [1], we proposed that random access channel (RACH) be used for access. The function of RACH is the establishment of uplink Layer 1 synchronization; in addition RACH enables UE to request uplink air link resource assignment. Any exchange of Layer 3 signalling information would take place over shared data channel (SDCH). 
In order to reduce the load on RACH, it is proposed that only minimal information be transmitted over RACH when UE accesses the system. We propose here that such information be conveyed through the selection of signature sequences instead of a message part that follows an access preamble. However, it is particularly important to limit the number of signature sequences if as proposed in [2], Generalized Chirp-Like (GCL) sequences are employed. Similar conclusions can be drawn if Zadoff-Chu sequences (cyclic shifts of a common Zadoff-Chu sequence) are used. 
2.1 RACH signature sequence design tradeoffs

The design tradeoff analysis for RACH signature sequence design for GCL sequences is given in [3]. An important tradeoff is the number of signature sequences vs. maximum supportable cell radius. In essence, the more signature sequences we want to support, the smaller the cell radius that can be supported. Since the choice of a signature sequence conveys information, the number of bits access probe can convey is limited. 
In this contribution we present findings from [3]. In Table 1, the maximum number of GCL sequences that can be supported for a given RACH bandwidth, the corresponding maximum cell radius for TTI=0.5 ms is shown. It can be seen that for all RACH bandwidths of interest, 16 signature sequences can be supported for cell radius of 4.41 km. Note that in order to support 6 bits of information (64 sequences can be obtained with cyclic shifts of a common Zadoff-Chu sequence), the maximum cell radius would shrink to 1.15 km.  

Table 1: Supportable number of GCL sequences, m as a function of RACH bandwidth (25% guard band is assumed) and TTI=0.5 ms.

	Bandwidth [MHz]
	1.25
	2.5
	3.75
	5

	GCL Sequences
	16
	16
	32
	32

	R [km]
	4.41
	4.41
	2.27
	2.27


In Table 2, the relationship between the number of GCL sequence and maximum supportable cell radius for RACH bandwidth of 1.25 MHz is illustrated. In order to proportionally increase maximum cell radius, RACH TTI would have to be increased. 

Table 2: Supportable cell radius as a function of the number of GCL sequences, RACH slot duration of 0.5 ms for 1.25 MHz RACH bandwidth (25% guard band is assumed).

	GCL Sequences
	2 (1 bit)
	4 (2 bits)
	8 (3 bits)
	16(4 bits)

	Cell Radius (Km)
	25
	15
	8.33
	4.41


In Table 3, the maximum cell radius and the system overhead as a function of RACH TTI length is illustrated. 1.25 MHz RACH bandwidth is considered. RACH slots repeat every 10 ms.  

Table 3: Supportable cell radius as a function of the TTI length assuming 16 GCL sequences for 1.25 MHz RACH bandwidth (25% guard band is assumed).

	TTI [ms]
	0.5
	1
	1.5
	2

	Cell Radius (Km)
	4.41
	8.82
	13.23
	17.64

	Bandwidth system overhead (1.25 MHz system)
	5%
	10%
	15%
	20%

	Bandwidth system overhead (5 MHz system)
	1.25%
	2.5%
	3.75%
	5%


2.2 Access procedure for UE transitioning from RRC_IDLE

Given the numerical analysis above, we propose that the information contained in the access signature sequence be contained to: 
1. Random ID, use to reduce probability of collision, defined as an event where identical access probes from different UEs arrive at eNode B at the same time.
2. Access type, indicating that UE performs initial access, that is, UE does not have MAC ID assigned.  
Collisions occur only if two or more UEs access the system simultaneously and choose identical access signature. Distinct access signatures are resolvable. 
The Layer 1 initial access procedure is combined with an uplink resource assignment. Therefore, eNode B responds to a successful uplink access probe by access grant message that contains timing adjustment information.

As explained in [1], unsuccessful probes would be handled with retransmissions, which occur at regular intervals or after possible random back-off. UE increases transmit power for each subsequent transmission. If the access grant is not received after maximum number of probes has been transmitted, UE backs off and repeats the procedure after resetting the power to the initial value. Before starting a sequence, depending on a scenario, UE may run p-persistence algorithm
. 

The eNode-B transmits an access grant on the downlink after successfully detecting an access probe. The access grant associated with the acknowledged access probe:

· Is scrambled with the PN sequence associated with the choice of access signature
· Has a fixed timing relationship with the access probe

· Conveys the UE MAC ID, uplink resource assignment and uplink timing adjustment to the UE

The access grant is protected with CRC.

When coming from RRC_IDLE state [4], UE does not have any cell specific identifier such as MAC ID. After receiving the access grant, UE requests to open a connection. Figure 1 illustrates the call flow for the initial access when UE is accessing from LTE_IDLE state. 
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Figure 1: Access procedure (RRC_IDLE)
2.3 Access procedure for UE transitioning from RRC_CONNECTED
RACH could also be used if UE has MAC ID assigned. For example, synchronization can be lost due to fading or discontinuous transmission in RRC_CONNECTED state. Also, during handoff between asynchronous cells, UL synchronization must be established before UE can transmit in the new cell. 

In such as scenario, UE beings the synchronization by sending synchronization message on RACH. The difference is that UE has already established security association with the network, authenticated, and it already poses valid MAC ID.  

The access procedure is illustrated in Figure 2. UE sends initial probe as in case of the initial access. The difference is that UE has MAC ID assigned, which UE indicates through the selection of access signature sequence. Access network responds with the access grant message. The eNode B does not assign new MAC ID (MAC ID=Null). Upon receiving UL access grant UE can start sending data immediately, but it is required to include MAC ID into MAC header. After UE receives UL grant including its MAC ID, UE does not include MAC ID in the MAC header. There is no need for the authentication phase since security associating has already been established.
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Figure 2: Synchronization procedure (RRC_CONNECTED)

3 Conclusions

This document has presented the access procedure.

· Short signature sequence conveying limited information from UE to eNode B. 

· Layer 1 synchronization is combined with UL resource allocation.
· Possible Layer 3 signaling is performed on SDCH.

The above characteristics for random access are recommended to be captured into [4].
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� Before attempting access UE flips a coin and access the system with probability p. 
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