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1 Introduction 
There are presently two open work or study items that are related to scheduling requests (SR) that UEs transmit on PUCCH. The Objective 3 of the work item on LTE RAN Enhancements for Diverse Data Applications [1] is 

More efficient management of system resources (e.g. UL control channel resources) for connected mode UEs that are temporarily inactive, facilitating potentially larger user populations in connected mode.

An objective of the study item on Enhanced Uplink Transmission for LTE [2] is  
Study and evaluate enhancements for transmission of UCI, 
· UCI enhancement on PUSCH, e.g. UCI-only transmission with rank 2 and 16QAM
· the need for UCI enhancement on PUCCH is to be justified
Two aspects of SR transmission are worth considering under these study or work items: improving the multiplexing capacity of SRs and allowing their coverage extension.

Improving the multiplexing capacity of scheduling requests (SR) was discussed under the past work item on latency reduction [3]. Improved capacity would have allowed more frequent SR opportunities and a straightforward way of reducing user plane latency of connected mode UEs. Some methods of improving the capacity were analysed in Ref. [4]. More recently, PUCCH resource usage was studied in Ref. [5] under the work item on diverse data applications, and it was noted that SR optimizations should have high priority when considering PUCCH related modifications. In this document we present our view on the need of enhancing the SR capacity.

The coverage of PUCCH ACK/NACK signalling was balanced with RACH coverage by specifying repetition [6, 7]. However, the coverage of SR remained low compared with RACH. We are introducing the problem in this document.

2 Discussion
2.1  Need of SR resources 
Scheduling requests are transmitted using PUCCH format 1 and the resources are distinguished by the cyclic shift of CAZAC sequences and the orthogonal cover code. The number of resources per physical resource block (PRB) is 
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is the number of PUCCH reference symbols in a slot (i.e. the length of the cover code, equal to three with the normal cyclic prefix length), Delta_shift = 1, 2, or 3 is the cyclic shift difference used for separating resources with the same cover code, and the factor 12 comes from the length of the sequence. Depending on Delta_shift value, 36, 18, or 12 SRs can be multiplexed to a PRB. The usual assumption is that the minimum practical Delta_shift is 2 corresponding to 18 SR resources per PRB. 
The presently specified intervals of SR opportunities are 1, 2, 5, 10, 20, 40, and 80 ms. Assuming 1000 connected mode UEs at a 5MHz carrier (25 PRBs), Delta_shift = 2, and normal CP length, we obtain the total resource usage corresponding to the different mean SR opportunity intervals as shown in Table 1.
	Interval of SR

opportunities
	Number of PRBs
reserved for SR
	Percentage of UL resources reserved for SR

	1 ms
	56
	224%

	2 ms
	28
	112%

	5 ms
	12
	48%

	10 ms
	6
	24%

	20 ms
	3
	12%

	40 ms
	2
	8%

	80 ms
	1
	4%


Table 1. Resource reservation for SR.
Table 1 shows that, with the assumed number of connected mode UEs equal to 1000 per 5MHz carrier, SRs reserve a non-negligible portion of the total UL resources even if longish SR intervals 20-40ms were in use. This number of connected mode UEs may not be unreasonably large taking into account that always on applications of smart phones are not producing much traffic. Although the always on applications could typically be delay tolerant, possibility to allocate frequent SR resources would be beneficial for reducing delays when UEs are requesting resources for less delay tolerant services. Another benefit of larger SR capacity would be reduced number of RRC reconfigurations because it would be less important to optimize SR opportunity intervals frequently.     

We propose that methods to enhance SR multiplexing capacity will be studied as a part of the study item on Enhanced UL.  
2.2 Problem with SR coverage
The coverage of SR and RACH preambles can be compared with the help of Figure 1 that shows the probability of missing SR as a function of SNR. The normally assumed criterion for RACH coverage limit is miss-detection probability of 1% that RACH reaches at SNR = -12dB in the channel of this example when preamble format 2 is in use. We note that SNR = -12 dB corresponds to as high as 10% miss-detection probability for SR, and roughly 4dB better SNR is needed for SR to reach the miss-detection probability of 1%. High miss-detection probability induces latency because, on the average, more trials are needed before the SR is detected by eNB. Eventually, if the number of consecutive failed trials reaches the RRC configured value dsr-TransMax (4, 8, 16, 32 or 64), UE releases PUCCH/SRS resources, clears configured downlink assignments and uplink grants and initiates a Random Access procedure. This situation causes such a long delay due to reconfigurations that it should be avoided by all means. In practice, it could mean that those UEs that are close to the coverage limit are not configured with SR resources at all but they need to use RACH for requesting PUSCH resources. These UEs would suffer from larger latency than the UEs with SR coverage, and UL resources would not be used most efficiently. 

We propose that coverage extension of SR will be studied as a part of the study item on Enhaced UL.  
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Figure 1. Probability of missing SR when the false detection rate is 1%. The radio channel was ITU Urban Macro Non Line-of-Sight. The arrow is placed at the SNR value corresponding to 1% miss-detection probability of RACH preambles (the format 2 with a repeated preamble sequence). 
3 Conclusions
This contribution discusses the issues related to scheduling request transmission in LTE. With the increasing number of users with especially always-on applications, the SR will play a crucial role. We identify two areas where improvements are needed and make proposals to study in RAN1:
1. improving of SR multiplexing capacity, and    
2. coverage extension of SR transmission.

The coverage and capacity improvements are opposing, but we should search for a solution that would allow configuring UEs easily for large SR capacity when possible or better than present coverage when needed.  
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