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Summary
Our preference for UL requests:
· CQICH codeword could be reserved and used for UL requests for synchronized UEs 

· Asynchronous RACH procedure can be used to request resources if CQICH is not available
· Synchronous Random Access Channel (RACH) is not necessary

1 Introduction

In this contribution, we describe the procedure for sending UL requests. 
Two scenarios are addressed:

· UE is assigned dedicated UL resource it can use to send UL requests. 
· Dedicated UL resources are not assigned and UE access the system on asynchronous RACH.
2 UL resource request procedure
2.1 Proposed procedure

UL resource request procedure is illustrated in Figure 1. Assume that initially UE in LTE_IDLE [1] state and that it is not UL synchronized. At this point UE utilizes asynchronous RACH to access the network. 
After successful access, UE is assigned UL-SCH and CQICH and possibly other channels, not of interest for this procedure. As long as the UE has UL-SCH assigned, it can send UL request in band. In band UL requests are referred to as Scheduling Information (SI) and they provide more accurate buffer status and quality of service information then reserved CQICH codeword.  Assuming semi static scheduling, after brief period of UL inactivity, it is reasonable to assume that UL-SCH is de-assigned. Alternatively, in case of dynamic scheduling, UL-SCH is implicitly de-assigned after HARQ retransmissions terminate for each scheduled MAC PDU. If UL-SCH is not assigned, UE can send UL requests over CQICH utilizing reserved codeword set aside for this purpose. 

The overhead introduced by reserved CQICH codeword is negligible:

· Requests over CQICH are sent only when UL-SCH is not assigned

· Impact on DL scheduling is also small 
· Very little impact on DL scheduling and the throughput if CQICH is erased by 10% or even more. 
If the UE and the network do not exchange data for a longer period, after idle timer expires, the network may place UE back into LTE_IDLE state or a “sleep” mode of LTE_ACTIVE [1], where UE does not send or receive data to and from the network. Idle timer value is chosen such that the likelihood of data transfer is dramatically reduced. For HTTP traffic, reasonable idle timer value is on the order of one to few seconds. When UE is placed into LTE_IDLE or sleep mode of LTE_ACTIVE, it is our proposal that all UL resources are de-assigned and UE can only access the system over asynchronous RACH. 
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Figure 1: Illustrated UL resource request procedure

2.3 Synchronous RACH alternative
Synchronous RACH as described in [2], is less efficient for UL requests than reserved codeword on CQICH:

· Requires transmission of UE identity (C-RNTI) in addition to CRC, 

· Has link budget issues at the cell edge for the simulation scenario III (24 bits total) 

· Needs to be designed for very low loads (significantly underutilized) in order to tolerate low delay. 

Setting aside dedicated resources for UL requests in the sleep mode of LTE_ACTIVE is prohibitively expensive if required delay is reasonable. 
However, even synchronous RACH is wasteful when compared to the asynchronous RACH, which is mandatory and synchronous RACH adds to UL overhead. Moreover, maintaining synchronization in the sleep mode of LTE_ACTIVE for the purpose of utilizing synchronous UL requests is costly:

· UE needs to exchange messages with the network about once a second 

· Probability that UE has data to transmit is low 

· Large number of UEs (up to 65535) could be placed in the sleep mode of LTE_ACTIVE in order to avoid signaling delay associated with the transition from LTE_IDLE to LTE_ACTIVE.

3 Conclusions 

For UL requests:

· When UE is actively exchanging data with the network, dedicated resource is more efficient than synchronous RACH.

· After expiration of idle timer (long period of inactivity), utilizing asynchronous RACH is most efficient.
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