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1. Introduction

In the RAN1#47bis meeting in Sorrento it was agreed that non-contention based scheduling request mechanism for synchronized users is used. The agreed scheduling request procedure is presented below. 
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Figure 1 Scheduling request procedure
This paper deals with transmission of the message 1 of the figure 1 above or the case when UE is synchronized but do not have uplink data assignment. Obviously if UE already has an uplink data assignment, it is in the stage 3 of the above figure and new scheduling requests are transmitted inband. In case that UE is not time synchronized, non-synchronized random access procedure is used to access the network.
In TR 25.913 it is mentioned that the number of expected users with quasi instantaneous access to radio resources is at least 200 for spectrum allocations up to 5 MHz. For higher spectrum allocations at least 400 users should be supported.  Multiplexing capacity of the SR should be designed according to those numbers. In this paper scheduling request mechanism that supports more than 400 users with reasonable overhead and delay performance is presented.
2. Scheduling request mechanism
Multiplexing capacity of UL scheduling request is an important issue impacting not only on the system overhead caused by the UL SR but also on the delay performance experienced by the end user. Thereby we consider combinations of block-spreading and sequence modulation as proposed in [1] as a method to send SR. In [2] we consider two different ways of generating SR: coherent multiplexing scheme and non-coherent scheme. Coherent multiplexing scheme is similar to the structure that was agreed in Malta to be used for uplink ACK/NACK transmission. However we prefer the non-coherent scheme for SR because of better multiplexing capability. 
In the figure 2 below the proposed multiplexing scheme for scheduling request is presented. We think that the size of the time – frequency resource that is reserved for SR should be at least one RB. Also we think that slot based frequency hopping should be used for SR in order to get frequency diversity. Only positive scheduling requests need to be signalled and nothing if resources are not needed. Two CDM techniques are used to generate the transmitted signal: inside the long block different cyclic shifts of ZC sequence are used and block level spreading is used between the long blocks. We think that six cyclic shifts can be used inside long block. We can thus multiplex 6 (shifts) x 7 (spreading factor) = 42 scheduling requests within 1 RB. If we assume that scheduling request opportunity is provided to the UE once in 10ms, we can multiplex 420 UEs with 1 RB overhead.
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Figure 2 Structure of scheduling request transmission
Delay requirement for the UL scheduling request is quite high. Thus we assume that the error probability of UL scheduling request must be of the order of 1-5 %  in practical system. It should be noted that that adaptive re-transmissions cannot be used with time critical scheduling request.
In [3] we study the performance of non-coherent scheduling request scheme. It is shown that probability of missed detection is small even if the number simultaneous SRs is high. Only slight degradation can be seen if the SR load is 0.5 (50% of the UEs that can send a SR simultaneously are actually sending it). Also false alarm probability is studied in [3]. If the detection threshold is set according to measured interference level, as proposed in [3], then the false alarm probability does not negatively depend on load (false alarm probability does not increase when the load increases).
3. Summary

UE needs to send only one bit in order to indicate that it has data to send. The situation is similar to ACK/NACK transmission without data. However because nothing needs to be sent when resources are not needed, non-coherent approach provides better multiplexing capability than coherent method which is agreed for PUCCH. In the proposed method of combined block level spreading and cyclic shifts of CAZAC codes inside long blocks, multiplexing capacity of 420 UEs is achieved if 10ms delay between two consecutive scheduling request opportunities is assumed. 
In [3] we have shown that the performance of the proposed multiplexing scheme for scheduling request indicator is very good also if the SR load is high. 
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