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1 
Introduction

One feature of the work item enhancements for Diverse Data Applications is PUCCH resource utilization ratio for scheduling request (SR) [1]. In the last RAN2#77 meeting, several companies have presented the evaluation results for SR usage ratio and potential improvements based on the captured traffic profiles in [2].
In this contribution, we give analysis on PUCCH capacity and SR usage ratios for traces selected from [2], and give some advices on effectively utilisation for SR resources.
2 
Discussion
Scheduling Request (SR) is used for requesting UL resources for new data transmission. According to the legacy definition, dedicated SR resource is reserved per user in PUCCH periodically. Due to the small packet transmission with large packet interval of some diverse data application, the legacy SR configuration may be not as efficient as we desire. 
In the following, we shall discuss on the SR overhead and SR utilization ratio performance for several selected diverse data applications.
2.1

PUCCH allocation for SR

Currently, UEs with always-on connection are allocated on PUCCH for SR resources which are fixed overhead for new uplink transmission. SR consumed PRBs for PUCCH can be calculated according to [2]. Normally, 18 SRs are accommodated in each PRB for better performance.
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Apparently, PUCCH consumed for SR depends on the number of UEs and the configuration of SR period. According to the definition of SR, the possible SR periods, 1ms, 2ms, 5ms, 10ms, 20ms, 40ms and 80ms [3] will be considered in the following analysis. 
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Figure 1. SR consumed PRBs on variety of SR periods
As shown in Figure 1, there will be significant SR overhead on uplink when UEs are configured with small SR period, e.g, for 50 UEs case 3 PRBs need to be reserved for SR with 1ms period. The overall consumption will be considerably large by including the resource consumption for CQI and ACK/NAK feedback. Although a larger SR period configuration would be beneficial for improving PUCCH efficiency, it will bring larger UL packet delay for UEs. In this case, it is advisable to choose SR period based on the actual applications running on UEs.
Observation 1: Resource reserved for PUCCH is considerably large if small SR period is configured.
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Figure 2. SR consumed PRBs on increasing UE numbers
In Figure 2, we consider an intensive environment like MTC network with 5000~30000UEs [4]. It is obvious that uplink resource consumption for SR increased sharply when massive devices are connected. In the scenarios with 30000 UEs, SR consumed more than 20 PRBs even for the largest 80ms period configuration, which is intolerable for uplink resources.
Observation 2: SR consumes considerably large number of UL resource in the case with large number of UEs.
In order to reduce PRB consumption in case of intensive scenario with massive UEs, improvement mechanisms are necessary for uplink resources allocation for SR.
2.2

SR usage efficiency for different applications

To evaluate SR utilization ratio, varieties of traffic scenarios are selected from [2]. We give the following analysis with traces 2, 8, 11 and 48.
Table 1. PUCCH usage efficiency for SR
	Trace ID
	Traffic Scenario
	SR Usage Ratio

	
	
	80ms
	40ms
	10ms
	2ms

	8
	Background(MSN)
	0.63%
	0.33%
	0.083%
	0.018%

	11
	IM
	2.81%
	1.42%
	0.36%
	0.076%

	2
	Gaming
	57.1%
	39.7%
	12.3%
	2.73%

	48
	Content Pull
	10.6%
	7.59%
	2.70%
	0.65%


In the simulation, SR periods 80ms, 40ms, 10ms and 2ms are considered. As shown in Table 1, SR usage ratio is quite low if UEs running only background or IM traffic. Those traffic types with small data packets and long interval make most SR occasions unoccupied. For gaming and content pull, SR usage ratio is still relatively low with 2ms period but it becomes more acceptable with 80ms period.
Observation 3: SR utilization ratio is quite low especially for UEs running only background and IM traffic.
Based on the above observations, it can be observed that with the legacy definition of the SR configuration, PUCCH overhead is unbearable in case of a great amount of UEs even SR is configured with the maximum period 80ms.. Moreover, SR utilization ratio is quite low for background and IM traffics. SR occupied for data transmission accounts for only a small fraction of total allocated SR resources. 
Proposal 1: It is proposed for RAN2 to introduce improvement mechanisms for uplink resource consumption with massive UEs and SR utilization ratio.
Proposal 2: It is proposed to capture the simulation results of SR utilization ratio in TR 36.822.
3
Conclusion

In this contribution, we have analysed SR overhead on PUCCH and SR utilization ratio for different traffic scenarios. 
Observation 1: Resource reserved for PUCCH is considerably large if small SR period is configured.
Observation 2: SR consumes considerably large number of UL resource in the case with large number of UEs.
Observation 3: SR utilization ratio is quite low especially for UEs running only background and IM traffic.
Proposal 1: It is proposed for RAN2 to introduce improvement mechanisms for uplink resource consumption with massive UEs and SR utilization ratio.
Proposal 2: It is proposed to capture the simulation results of SR utilization ratio in TR 36.822.
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