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1. Introduction

Whenever a UE intends to access network through air interface, it needs to camp on a nearby Node B to present itself in the network. The UE would synchronize time and frequency to the target Node B and listen to broadcast system channels in downlink. According to received system information, the UE can initialize access request in uplink random access channel (RACH) [1][2]. An uncertain timing misalignment in uplink still exists due to round-trip delay between the UE and the Node B. The Node B should detect access requests over a certain period of time and estimate respective uplink timing misalignments in the meantime. 
Multiple access requests may be sent from different UEs at the same time. For fairness, a contention-based manner is conventionally adopted in access request. All UEs have equal opportunities in an access contention; however, UEs may launch access request under different situations. For instance, each UE initializes access request after being switched on. Some UEs may go out of uplink synchronization after silence for a while [3], and they need to launch access requests again. In addition, if a UE needs to handover during providing a QoS-guaranteed service, fast and reliable access request is definitely expected. Accordingly, this contribution presents a priority concept to facilitate efficient access request under varied UE operation situations. 
2. Random Access Procedure
In a random access procedure, a Node B would receive access requests from UEs, and estimate their remaining timing misalignment in uplink due to round-trip delay. More than one UEs possibly send their access requests at the same time; hence a contention-based manner is necessary for fairness. Random access burst could be represented using a PN sequence to increase detection probability even if collision occurs. 
Fig. 1 shows a basic structure of random access burst. The signature # n is selected randomly from a given set of signatures, where each signature consists of a PN sequence. Auto-correlation properties of these PN sequences would influence accuracy of timing estimation, and cross-correlation properties between these PN sequences determine capability of detecting multiple signatures simultaneously [3].
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Fig. 1. Basic structure of random access burst.
Whether a payload appended or not is a pending issue. Before receiving an access grant, additional message payload may be wasted or even become interference to signature identification. The length of a payload message should be strictly limited relative to that of signatures. 
A random access burst is transmitted in allocated random access channel (RACH). Fig. 2 illustrates an example of RACH allocation in E-UTRA uplink. An access slot denotes an opportunity for UEs to send access burst, similar to that in W-CDMA. From our viewpoint, characteristics of access slots, including allocated number (B), bandwidth (BWAS), frequency band, and even time duration (TAS), are variable according to receiving capabilities and requirements of a Node B.
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Fig. 2. Allocation of RACH access slots.

A Node B should receive (or scan) access bursts starting from the beginning of access slots. In practice, however, an access burst appears after a round-trip delay, TRTD = TDL + TUL.  The length of round-trip delay (TRTD) depends on propagation path. A RACH receiver has to scan over the maximal TRTD from the boundary of cell coverage, and certain additional margin can be used to accommodate to the variety of multiple paths.  
While an access burst is identified, the round-trip delay can be estimated simultaneously. In accordance, uplink timing and/or power can be refined by follow-up commands from the Node B. After a UE send out an access burst, it should wait for its response for a while before the next attempt. Without receiving its response, a random back-off mechanism is conventionally applied to avoid repeated collisions with the same UE(s). 
Random access procedure can be launched under different scenarios, such as (initial) random access after powered-on, idle state, and active state, whenever access request and/or uplink synchronization is needed. Different scenarios have different time budgets for random access. For instance, a UE can wait for a certain time for initial random access after powered-on, but it requires fast successful random access when it has to handover during active state, especially urgent for providing real-time services. 
3. Priority Concept in Random Access
Conventional random access scheme provides equal opportunity to every UE for fairness. However, real-time and good QoS services ought to be provided in UTRA long-term evolution. Fast random access will become essential to these QoS-guaranteed services. This contribution proposes a priority concept to enhance random access according to varied requirements, e.g. time budgets. High priorities usually initialize random access using more resources, such as power, bandwidths, access slots, and so on.
3.1. Priority Categorization
The priority concept can be explained using the following example. First, UE operation scenarios requiring random access are categorized into four cases:

· Initial random access (after powered-on)

· Aged random access (after several times of failure)

· Retrieving random access (after long-time silence)

· Active random access for handover

1) Initial random access

After a UE is switched on and it has achieved synchronization with a target Node B in the downlink, initial random access should be launched to achieve uplink synchronization and request a dedicated channel for transmitting access messages. For fairness, all UEs should have equal priorities during initial random access. Time budget for initial access is generally sufficient for UEs to achieve successful random access using equal opportunity scheme. 
2)  Aged random access
When access failure occurs for several times, access priority should be raised to improve successful probability. Access failure usually comes from being stuck with certain impairments, like deep-fading frequency or large path loss on cell boundary. Priority raise can be seen as using different frequency band, wider bandwidths, or higher power in subsequent attempts. It can help escape from reaching an impasse. 
3) Retrieving random access

Uplink synchronization should be maintained after initialization process between the UE and the Node B. After a certain period of silence, uplink may become unsynchronized. If the UE needs to transmit data again at this moment, retrieving random access should be launched with higher priority than that of initial one. This case can be corresponded to UE’s state transition from idle to active mode, where transition latency may be limited. 
4) Active random access for handover

When a UE is in active mode with QoS-guaranteed services and handover is needed, high priority should be allocated to achieve fast uplink synchronization with a new Node B. Active random access should be launched with the highest priority to maintain good QoS of services in this example.    
Fig. 3(a) shows a series of random access attempts using a conventional scheme, in which all kinds of random accesses are treated with equal priority. Four random accesses start the first attempt using the same priority. Only a random back-off mechanism is applied in this scheme if no response is received. Fig. 3(b) illustrates a priority ramping scheme added to enhance succeeding attempts after failed accesses.   
Fig. 3(c) demonstrates an example of assigning distinct priority levels to the mentioned four accesses. A priority ramping scheme is also applied into the example.  Four Attempt #1s are assigned with different priority levels with priority ramping. An access attempt with high priority level should be robust against collisions and interferences, and as a result, a fast successful random access could be achieved.  
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(a) A conventional scheme.
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(b) A conventional scheme with priority ramping after access failure. 
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(c) Priority assignment with priority ramping after access failure. 
Fig. 3. Comparisons of priority levels in four random accesses using different priority schemes.

In this example, priority levels are determined according to timing budgets for random access in different cases. Tighter the timing budget, higher the access priority. High priority somehow also implies using more channel resources, such as power, bandwidths, and/or access slots, to transmit random access burst. In the meantime, certain interference is induced to other transmissions, and receiving complexity of Node B increases with the variety of access priority. Therefore, priority categorization and assignment should be very cautious.  
3.2. Resources for Categorizing Priority Levels
RACH resources could be used to categorize priority levels include:

· Power

· Bandwidths (BWAS)
· Frequency bands
· Access slots 
· Signatures
If power levels are used to classify priority levels, priority ramping can be seen as the power ramping in W-CDMA. High power of an access attempt, of course, increases its detection probability. 
If bandwidths are used to classify priority levels, wide bandwidths can be used to represents high priority levels because of their high spreading gain and immunity against interference. A scheme of using scalable bandwidths in random access transmission is referred to [4].
A combination of bandwidth and power for priority levels can create plenty of distinct priority levels.  Fig. 4 illustrates priority levels with different bandwidths and power used in concurrent random access transmissions. UE #1, 3, 5, and 7 are using initial random accesses. UE #4 and 6 are using aged random accesses with wider bandwidth than that of initial one after they failed in initial random access for several times. UE #2 is retrieving its uplink timing using high bandwidth and power. UE #8 is providing a QoS-guaranteed service and is going to handover to a new cell site; then an active random access is used with very wide bandwidth and high power.  
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Fig. 4. Combination of bandwidths and power for priorities.

The remaining three resources, frequency band, access slot, and signature, can be used to separate high and low priority levels. Resources are divided and allocated for high and low priority levels, respectively. And, resource usage of high one is restricted to a few high priority random accesses only, e.g. active random access. 
4. Conclusion
This contribution presents a priority concept in random access transmission to enhance access request according to varied time budgets. High priority represents to launch random access using more resources, such as power, bandwidths, access slots, and so on. A fast random access can then be achieved within tight timing budget.
References

[1] 3GPP TR25.913, “Requirements for Evolved UTRA and UTRAN”
[2] 3GPP TR25.814, “Physical Layer Aspect for Evolved UTRA”

[3] 3GPP, R1-051445, Ericsson, “E-UTRA Random Access.”
[4] 3GPP, R1-051391, NTT DoCoMo, “Random Access Transmission for Scalable Multiple Bandwidths in Evolved UTRA Uplink.”
_1199273551.vsd
# B


#2


# 1


...


Data Transmission
(Scheduled & Synchronized)


# B


# 1


Frequency


Time


RACH


RACH


Variable numbers of RACH access slots


TAS: 	Length of access slot
TDL: 	Downlink traveling time over the air
TUL: 	Uplink traveling time over the air
TRAB: 	Length of random access burst 


TAS


TDL


TUL


TRAB


// 


UE synchronized timing


BWAS


Attempt #1


Attempt #2


Attempt #3


Initial Random Access


Aged Random Access


Retrieving Random Access


Active Random Access


Time


Priority Level


Attempt #1


Attempt #2


Attempt #3


Initial Random Access


Aged Random Access


Retrieving Random Access


Active Random Access


Time


Priority Level


Attempt #1


Attempt #2


Attempt #3


Initial Random Access


Aged Random Access


Retrieving Random Access


Active Random Access


Time


Priority Level


Attempt #3


Attempt #1


Attempt #2


Attempt #1


Attempt #2


Attempt #3


Attempt #2


Attempt #3


Attempt #3


Allocated Bandwidth for Random Access


UE #1


UE #3


UE #5


UE #7


UE #4


UE #6


UE #2


UE #8


Level #1


Level #2


Level #3


Level #4


Power Level #1


Power Level #2


Priority


Signature # n
(PN Sequence)


Payload


Random Access Burst



_1199312941.vsd
# B


#2


# 1


...


Data Transmission
(Scheduled & Synchronized)


# B


# 1


Frequency


Time


RACH


RACH


Variable numbers of RACH access slots


TAS: 	Length of access slot
TDL: 	Downlink traveling time over the air
TUL: 	Uplink traveling time over the air
TRAB: 	Length of random access burst 


TAS


TDL


TUL


TRAB


// 


UE synchronized timing


BWAS


Attempt #1


Attempt #2


Attempt #3


Time


Priority Level


Initial Random Access, Aged Random Access
Retrieving Random Access, Active Random Access


Attempt #1


Attempt #2


Attempt #3


Initial Random Access, Aged Random Access
Retrieving Random Access, Active Random Access


Time


Priority Level


Attempt #1


Attempt #2


Attempt #3


Initial Random Access


Aged Random Access


Retrieving Random Access


Active Random Access


Time


Priority Level


Attempt #3


Attempt #1


Attempt #2


Attempt #1


Attempt #2


Attempt #3


Attempt #2


Attempt #3


Attempt #3


Allocated Bandwidth for Random Access


UE #1


UE #3


UE #5


UE #7


UE #4


UE #6


UE #2


UE #8


Level #1


Level #2


Level #3


Level #4


Power Level #1


Power Level #2


Priority


Signature # n
(PN Sequence)


Payload


Random Access Burst



_1200924600.vsd
�

�

# B


#2


# 1


...


Data Transmission
(Scheduled & Synchronized)


# B


# 1


Frequency


Time


RACH


RACH


Variable numbers of RACH access slots


TAS: 	Length of access slot
TDL: 	Downlink traveling time over the air
TUL: 	Uplink traveling time over the air
TRAB: 	Length of random access burst 


TAS


TDL


TUL


TRAB


// 


UE synchronized timing


BWAS


Attempt #1


Attempt #2


Attempt #3


Time


Priority Level


Initial Random Access, Aged Random Access
Retrieving Random Access, Active Random Access


Attempt #1


Attempt #2


Attempt #3


Initial Random Access, Aged Random Access
Retrieving Random Access, Active Random Access


Time


Priority Level


Attempt #1


Attempt #2


Attempt #3


Initial Random Access


Aged Random Access


Retrieving Random Access


Active Random Access


Time


Priority Level


Attempt #3


Attempt #1


Attempt #2


Attempt #1


Attempt #2


Attempt #3


Attempt #1


Attempt #2


Attempt #3


Time


Time


Time


Priority Level


Priority Ramping


Low 
Priority


High Priority


Allocated Bandwidth for Random Access


UE #1


UE #3


UE #5


UE #7


UE #4


UE #6


UE #2


UE #8


Level #1


Level #2


Level #3


Level #4


Power Level #1


Power Level #2


Priority


Signature # n
(PN Sequence)


Payload


Random Access Burst



_1199312910.vsd
# B


#2


# 1


...


Data Transmission
(Scheduled & Synchronized)


# B


# 1


Frequency


Time


RACH


RACH


Variable numbers of RACH access slots


TAS: 	Length of access slot
TDL: 	Downlink traveling time over the air
TUL: 	Uplink traveling time over the air
TRAB: 	Length of random access burst 


TAS


TDL


TUL


TRAB


// 


UE synchronized timing


BWAS


Attempt #1


Attempt #2


Attempt #3


Time


Priority Level


Initial Random Access, Aged Random Access
Retrieving Random Access, Active Random Access


Attempt #1


Attempt #2


Attempt #3


Initial Random Access, Aged Random Access
Retrieving Random Access, Active Random Access


Time


Priority Level


Attempt #1


Attempt #2


Attempt #3


Initial Random Access


Aged Random Access


Retrieving Random Access


Active Random Access


Time


Priority Level


Attempt #3


Attempt #1


Attempt #2


Attempt #1


Attempt #2


Attempt #3


Attempt #2


Attempt #3


Attempt #3


Allocated Bandwidth for Random Access


UE #1


UE #3


UE #5


UE #7


UE #4


UE #6


UE #2


UE #8


Level #1


Level #2


Level #3


Level #4


Power Level #1


Power Level #2


Priority


Signature # n
(PN Sequence)


Payload


Random Access Burst



_1199208950.vsd
Data Transmission
(Scheduled & Synchronized)


Frequency


Time


Random Access Burst Slots 

w/ different bandwidths and time


Attempt #1


Attempt #2


Attempt #3


Initial Random Access


Aged Random Access


Retrieving Random Access


Active Random Access


Time


Priority Level


Attempt #1


Attempt #2


Attempt #3


Initial Random Access


Aged Random Access


Retrieving Random Access


Active Random Access


Time


Priority Level


Attempt #1


Attempt #2


Attempt #3


Initial Random Access


Aged Random Access


Retrieving Random Access


Active Random Access


Time


Priority Level


Attempt #3


Attempt #1


Attempt #2


Attempt #1


Attempt #2


Attempt #3


Attempt #2


Attempt #3


Attempt #3


Allocated Bandwidth for Random Access


UE #1


UE #3


UE #5


UE #7


UE #4


UE #6


UE #2


UE #8


Level #1


Level #2


Level #3


Level #4


Power Level #1


Power Level #2


Priority


Signature # n
(PN Sequence)


Payload


Random Access Burst



_1198943300.vsd
Data Transmission
(Scheduled & Synchronized)


Frequency


Time


Random Access Burst Slots 

w/ different bandwidths and time


Attempt #1


Attempt #2


Attempt #3


Initial Random Access


Aged Random Access


Retrieving Random Access


Active Random Access


Time


Priority Level


Attempt #1


Attempt #2


Attempt #3


Initial Random Access


Aged Random Access


Retrieving Random Access


Active Random Access


Time


Priority Level


Attempt #1


Attempt #2


Attempt #3


Initial Random Access


Aged Random Access


Retrieving Random Access


Active Random Access


Time


Priority Level


Attempt #3


Attempt #1


Attempt #2


Attempt #1


Attempt #2


Attempt #3


Attempt #2


Attempt #3


Attempt #3


Allocated Bandwidth for Random Access


UE #1


UE #3


UE #5


UE #7


UE #4


UE #6


UE #2


UE #8


Level #1


Level #2


Level #3


Level #4


Power Level #1


Power Level #2


Priority



