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1 Introduction

Discussions about scheduling have been picking up speed in RAN WG2. Lately, the discussions have mostly been QoS related, however. It is our belief, that also persistent versus dynamic scheduling, signalling of UL grants and DL assignments and the mechanism for signalling scheduling requests in absence of a valid grant need attention. The objective of this contribution is to spawn and fuel discussions about the scheduling request mechanism.

2 Scheduling Request 
For the remaining of this contribution we shall assume that the UEs under consideration are in the RRC_Connected state and UL time aligned.

When a UE acquires UL synchronisation by means of a non-synchronised Random-Access procedure, it also acquires an initial UL scheduling grant. As long as a UE holds a valid UL scheduling grant, it can indicate need for further grants by means of in-band signalling. When a valid grant is no longer available, however, a scheduling request mechanism needs to be provided for the UE to request resources. Both contention-based (random access based) and conflict-free (on UE-dedicated resources) scheduling request mechanisms are possible. So far, it appears to be implicitly assumed that scheduling requests will be sent by means of UL-synchronised RA
. RA has a number of limitations, though. One of them is that, similar to Slotted Aloha, the maximum relative throughput is limited to e-1. For good performance, however, load and collision probability need to be kept much lower; in the order of a few percent. The suitability of RA as the mechanism for scheduling request (SR), depends on a number of factors, of which we would like to highlight the SR intensity and the message size.
2.1 SR intensity
E-UTRA requirements stipulate support for 200 active UEs and throughputs of up to 25 Mbps on a 5 MHz carrier ‎[1]. 200 VoIP calls would correspond to up to 10 SRs / ms if no special care is taken to shape the SR intensity; i.e. no voice activity detection. TCP downloads with an aggregate throughput of 25 Mbps would yield UL streams of TCP ACKs. Assuming that the bandwidth is shared by multiple UEs and that 1 ACK is generated every 2nd 1500-octet packet, TCP ACKs could generate more than 1 SRs / ms. Would packets be smaller than the assumed 1500 octets, the resulting SRs intensity may be even larger.

2.2 SR message size

To keep SR latency low, a reasonable minimum requirement for the SR is that it uniquely identifies the UE which is requesting resources. If the identifier should be explicitly signalled as in the case of synchronous RA, the SR should convey at least the C-RNTI protected by a CRC. A rough estimate of the minimum message size would be 16 (C-RNTI) + 8 (CRC) = 24 bits. The length of the message directly influences the resource cost and/or robustness of the SR. This is particularly true for RA-type of solutions; the longer the message, the less efficient. 

2.3 Limiting SR overhead
To limit the system overhead caused by SR, it is suggested that methods to reduce or limit the SR intensity as well as conflict-free SR alternatives (i.e. dedicated to each UE) should be considered. 

Persistent scheduling has been suggested as a method to reduce both SRs and signalling of scheduling decisions. Persistent scheduling has a number of severe drawbacks, however: it leads to resource inefficiency in combination with synchronous UL HARQ, it hinders link adaptation and channel dependent scheduling and requires signalling for efficient handling of idle periods. Due to the extent of these drawbacks, other alternatives need to be considered.

3 Conclusion
It is our opinion that solutions for scheduling request need more study and evaluation, both in terms of requirements and performance, before deciding on a scheduling reqest method for E-UTRAN. Alternative methods to shape the SR intensity as well as conflict-free SR alternatives should be considered.
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� The non-synchronized RA procedure was designed with a different objective which makes it inefficient, and therefore unsuitable, as the primary mechanism for signalling of scheduling requests. It may still serve the purpose of a robust fallback (or catch-all) solution.
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