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1 Introduction 

The uplink scheduling request is to request the eNB a scheduling grant when data burst arrives.  The uplink scheduling request was discussed in RAN2 #55 but no agreement was made.   The UL scheduling request was initially assumed using contention based random access, such as synchronized RACH.   The conflict-free dedicated resource assignment for scheduling request was also discussed in [3] and [4].  The bandwidth request could be done through in-band signaling in the son the scheduling request    The contention based synchronized random access and the conflict-free schemes has advantages and drawbacks in different scenarios as discussed in [4].   The primary drawback of the contention based random access is the collision when large number of the users attempt in the same time.  The concern of the conflict-free dedicated resource schemes are the overhead of the radio resource for dedicated resource.  This study uses the change of UL sounding reference signal patterns as the explicit UL scheduling request.  This proposal is a conflict free scheduling request scheme without addition bandwidth.    

_______________________________________________________________________________________________

2 UL Scheduling Request 

The LTE UL access is a bandwidth on-demand packet switching system.   The bandwidth on-demand system requires scheduling request of UL access grant as the application traffic arrival at the UE.  The UL scheduling request could be categorized into contention based random access and conflict-free dedicated resource.  The contention based random access uses synchronized RACH.  The conflict-free dedicated resource in [3] multiplexes a one-bit scheduling request into the DL CQI measurement feedback in the UL control channel for VoIP traffic.  Dedicated resource allocated to each user in a time interval for the flag of the data arrival was proposed in [4].  These two conflict-free schemes require dedicated resource, although very small per user, to indicate the traffic arrival at the UE for scheduling request.   It is desired to have a conflict-free scheduling request scheme without additional overhead on bandwidth to indicate the traffic arrival at the UE.  

2.1 UL Reference Signals as the Scheduling Request

The paper proposes to use the periodic reference sounding signals for UL channel quality estimation (CQI pilots) for the UL scheduling request.  The UL reference signals for the selective bands or all bands need to be transmitted from all UEs to the eNodeB periodically as the users connect to the system.  The UL sounding reference signals are scheduled to transmit in the data part of the resource block.   The periodical transmission of the UL sounding reference signals will help maintain the UL synchronization if no data are scheduled to transmit in both UL and DL.  The UL sounding reference signals could be transmitted in selective sub-band.  The overhead bandwidth of the UL sounding reference signals could set to low or configured dynamically.  For example, the UL sounding reference could be scheduled to transmit at 1 out of 12 data symbols of a resource block.  Each symbol could have up to 12 users.  The total 144 users could be multiplexed and scheduled to transmit the sounding reference in a RB within a sub-frame.   The periodical transmission could be set in the range of 10 ms.  Thus, the fraction of the sounding reference overhead is relatively small.  The availability of the sounding reference signals would allow the system to maximize the UL channel awareness scheduling gain in time and frequency.  Thus, the UL sounding reference signals should be available all the time.   The proposed scheme uses the UL sounding reference signals sequence patterns as the indication of UL scheduling request when the data burst arrives at the UE MAC buffer.   

The Zadoff-Chu sequence was chosen as the reference signal because of unit magnitude property for equal channel sounding, optimal cyclic auto-correlation property, and low, constant cyclic cross-correlation property. A Zadoff-Chu sequence 
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(Eq.  1)

The transition of two Zadoff-Chu sequences could be used as the detection of the UL scheduling request.   Each UE is assigned a pair of Zadoff-Chu sequences; one is used when the data burst is on and the other sequence is used when the data burst is off.  The UE will send the Zadoff-Chu sequence based on the data availability in the buffer.  The eNodeB needs to perform hypothesis testing of two Zadoff-Chu sequences every time before the sequence decoding.   The pair of Zadoff-Chu sequence could be assigned as follows,

· Two Zadoff-Chu sequences- the detection probability is high and reliable using the hypothesis testing between two distinct Zadoff-Chu sequences in time transition.  However, it reduces the number of available Zadoff-Chu sequence by half. 

· A Zadoff-Chu sequence 
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 as a pair - One sequence and its inverse are used for the on and off of the data burst.  The drawback of this scheme is that the detection probability decreases as the Doppler frequency increases. 

Using the transition of two Zadoff-Chu sequences as the UL grant request provides the explicit indication of the data burst arrival.  It needs further signaling information to assist UL scheduler for the bandwidth allocation as follows

· Implicit indication of bandwidth allocation – some applications, such as VoIP, have steady data rate once the data burst is arrived.  It does not need to send the bandwidth request signaling information to the UL scheduler for the bandwidth allocation. 

· Explicit indication of bandwidth allocation – eNodeB could schedule the minimum physical resource once it detects the UL access grant request.  The bandwidth request and data information could be embedded in the L2 or L3 signaling.  The L2 signaling could be the overhead of the first UL scheduling burst.  The L-3 signaling would multiplexed with the data traffic in the first scheduling burst.  The UL scheduler would allocate proper bandwidth for the UE. 

3 Concluding Remarks

The UL reference signal Zadoff-Chu sequences pair for sounding is used to indicate the on and off of the data burst for the UL access grant request.  The detection of the Zadoff-Chu sequence transition would provide the UL scheduler indication as the UL scheduling request or termination.  This would not require any additional bandwidth.  The UL scheduler would schedule a pre-configured resource for the first burst.   The bandwidth request would follow up after the initial scheduling request.  The bandwidth request could be implicit for constant bit rate service such as VoIP.  An explicit bandwidth request could also be carried through the L2 or L3 signaling, which embedded in the first scheduled burst after the scheduling request.  
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