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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.
2. Scheduling request mechanisms
Several mechanisms have been proposed for sending the scheduling request indicator. In some papers new transmission format is proposed and in some other papers reuse of existing formats is proposed. Our view is that same format that will be selected for ACK/NACK transmission without data, should be used also when transmitting scheduling request indicator. 

2.1 Scheduling request with ACK/NACK format

Same format as for ACK/NACK transmission can be used also for sending scheduling request indicator. This enables multiplexing of scheduling request indicator to the same resource as uplink control signaling when UL control signaling format as described in the figure below and in [1] is used. Scheduling request is sent using block spreading between blocks and cyclic shifts of CAZAC codes inside the blocks. The block in the middle of the slot is reserved for pilot in the case of coherent transmission (e.g. with CQI) so the spreading factor is 6. The number of available cyclic shifts inside the block is limited by delay spread of the channel. In [2] it is shown that the performance when using 6 cyclic shifts is good also with high scheduling request load. The difference between ACK/NACK and scheduling request transmission is that only positive SR indicators are sent and nothing when resources are not needed. We think that slot based frequency hopping must be used together with scheduling request in order to get frequency diversity. . In [2] it is shown  that the multiplexing capacity of this method in TU channel is 36 scheduling requests per resource block and if we assume 10ms delay between two consecutive scheduling request opportunities 360 UEs can be multiplexed when one RB is reserved for SR transmission.
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Figure 2 Multiplexing scheme for scheduling request
2.2 CQI codeword used as SR
In [3] it is proposed to use one CQI codeword as a scheduling request indicator. If CQI is not available then UE would use asynchronous RACH to request resources and then separate physical channel is not needed for scheduling request.
We think that CQI channel has some limitations. It is not possible to multiplex many CQI transmissions to one resource block. For example the multiplexing scheme presented in [1] supports 6 CQI transmissions per resource block. The consequence of this is that overhead and/or delay performance of the CQI based scheduling request is not good if reasonable number of synchronized UEs without uplink assignment is assumed. The purpose of CQI reporting is to support downlink transmission so CQI transmission is designed based on downlink requirements. In DL the periodic CQI may not be always needed. It is inefficient to increase the CQI reporting rate just to make it suitable for uplink scheduling requests.

We think that separate physical channel for scheduling request is needed. The multiplexing capability of CQI channel is not good enough. However, the multiplexing scheme should be compatible with the ACK/NACK and CQI channels.
2.3 Common SR indicator
[4] proposes scheduling request mechanism where UEs first send a request in a common channel and nodeB then allocates time-frequency resource for UEs to send a UE-specific preamble. The size of the allocated time-frequency resource depends on power detected in the common channel. Open loop power control is used and it is assumed that the received power at the nodeB corresponds to number of simultaneous UEs sending the common SR indicator. 
We think that the accuracy of open loop power control is not good so probably nodeB needs to assign more resources for preamble transmission that is actually needed. Also new transmission format is introduced to transmit UE-specific preamble and scheduling data and it increases UE and nodeB complexity.
2.4 Preamble based SR indicator
UE specific preamble transmitted in a dedicated time-frequency resource can be used as scheduling request. In the figure 3 below a mechanism proposed in [5] is presented.
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Figure 3 Scheduling request based on UE-specific preamble
We think that slot format that is incompatible with normal slot format (long blocks separated with cyclic prefixes) should be used only for transmission of asynchronous RACH. The number of simultaneous scheduling requests can be high and then the interference to other transmissions can also be significant. Preamble based systems have limited multiplexing capability with high speed UEs because orthogonality of cyclic shifts is reduced and then all the the shifts can not be used. The benefit of sending wideband pilot together with preamble as shown in the figure above is not obvious because there is only 8 resource opportunities for pilot compared to 512 SR resources. Collision probability of wideband pilot is quite high if reasonable scheduling request load is assumed. Scalability of this system is quite coarse because minimum step for increasing resources is 2 RBs. Because new transmission format is proposed some additional complexity is needed to implement it.
2.5 Reference signals used as SR
In [6] it is proposed to use uplink reference signal format for scheduling request so basically existing RS transmission is reused as a scheduling request. In order to have sufficient coverage for SR we think that the transmitted signal should span over the whole subframe so in other words it would be better to send the scheduling request with narrow (12 subcarriers) bandwidth and prolong the transmission to one subframe.
3. Summary

UE needs to send only one bit in order to indicate that it has data to send. The situation is very similar to ACK/NACK transmission without data. Adding of another transmission format for scheduling request purpose is not needed but the same format as for ACK/NACK should be used. This enables flexible multiplexing of scheduling request indicator to the same resource as uplink control signalling without data and the resources that are needed for uplink control signalling without data and for scheduling requests can be dimensioned together. 
In [2] we have shown that the performance of the proposed multiplexing scheme of scheduling request indicator is very good also if the SR load is high. 
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