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1 Introduction
In this paper, we will discuss the performance of current scheduling scheme in LTE with a large amount of small packets, and want RAN2 to evaluate this issue for more details and find out possible enhancement if necessary.

2 Discussion
2.1 Background for current scheduling scheme

LTE is designed for achieving higher peak data rate, lower latency, higher spectrum efficiency and better coverage for various types of service including currently available services like web-browsing, FTP, video-streaming or VoIP, and more advanced services (e.g. real-time video or push-to-x) in the PS- domain[1].

In addition, lower L1/L2 control signaling overhead is considered [2], In particular, to increase VoIP capacity, semi-persistent-scheduling scheme is introduced to decrease the PDCCH consumption because the PDCCH may be limited if using dynamical scheduling. Moreover, other resource assignment schemes such as pre-allocation and group scheduling was proposed and discussed, all of which are aiming to lower control signaling and higher data capacity. 
Currently, about 10 PDCCH signaling can be sent in one TTI in 10MHz system bandwidth scenario, which means at most about 10 UEs can be scheduled for either DL or UL data transmission [3].
2.2 New requirements for more new traffic

Various applications usage are appearing and growing quickly and it is foreseen these new applications would become the main trend in the future, and their impact on the mobile network is becoming more evident, for example more and more small data transmission and frequent live update over the air.
But the current dynamic scheduling scheme is more efficient for large packet transmission. The system L1/L2 control signaling overhead would increase due to the growth of above-mentioned applications.

The semi-persistent-scheduling scheme can reduce the PDCCH signaling and accordingly achieve higher VoIP capacity, but it is only fit for the ideal traffic characteristic like VoIP packet, which is periodic arriving interval and fixed packet size for a special encoder rata. There is no such ideal periodic arrival interval together with fixed packet size feature for more other applications, so it may not fit to use semi-persistent-scheduling scheme because it cannot meet the packet feature, accordingly more PDCCH should be used and more PDSCH/PUSCH may be wasted on the SPS occasion if no real data can be transmitted. Even for VoIP, the DL packet arrival interval may be changed due the transmission jitter, where the efficiency of SPS scheme may be decreased and more PDCCH/PDSCH/PUSCH may be consumed, which may degrade the VoIP capacity.

So the question is if the current scheduling schemes can efficiently applied for more new and variant applications. We have a preliminary evaluation on the performance with simple assumption and model in the following section. 
2.3 Evaluation

The main assumptions are listed in the appendix. We mainly focus on the evaluation on the following aspects:

· PDCCH blocking probability: the ratio of the number of UEs that cannot be scheduled due to the limited PDCCH signaling in that TTI to the total number of UEs requiring to be scheduled

· Packet delay: the total buffered time of a packet due to the limited PDCCH signaling in one or more TTIs
· PDCCH resource usage ratio: the relative usage of available resources for PDCCH

· PDSCH/PUSCH resource usage ratio: the relative usage of available resources for PDSCH/PUSCH

The simulation results are shown in the following figures with different parameters.

2.3.1 PDCCH blocking probability evaluation
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Figure 1 PDCCH Blocking Probability for 10 PDCCH in one TTI and 40ms Arrival Interval
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Figure 2 PDCCH Blocking Probability for 10 PDCCH in one TTI and 20ms Arrival Interval
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Figure 3 PDCCH Blocking Probability for 6 PDCCH in one TTI and 40ms Arrival Interval
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Figure 4 PDCCH Blocking Probability for 6 PDCCH in one TTI and 20ms Arrival Interval


2.3.2 Packet delay evaluation
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Figure 5 Packet Delay for 10 PDCCH in one TTI and 40ms Arrival Interval
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Figure 6 Packet Delay for 10 PDCCH in one TTI and 20ms Arrival Interval
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Figure 7 Packet Delay for 6 PDCCH in one TTI and 40ms Arrival Interval
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Figure 8 Packet Delay for 6 PDCCH in one TTI and 20ms Arrival Interval


2.3.3 Resource Usage Ratio
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Figure 9 Ratio for 10 PDCCH in one TTI and 40ms Arrival Interval
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Figure 10 Ratio for 10 PDCCH in one TTI and 20ms Arrival Interval
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Figure 11 Ratio for 6 PDCCH in one TTI and 40ms Arrival Interval
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Figure 12 Ratio for 6 PDCCH in one TTI and 20ms Arrival Interval


2.4 Summary

From the above simulation results, we can see that in the high load scenario with large number of UEs sending/receiving small packets, the PDCCH signaling will be limited, which causes the high PDCCH blocking probability, and larger delays accordingly. Note that the delay shown in the above figures is only the part of the total delay, if the HARQ retransmission and even ARQ retransmission, and the other protocol handling delay are considered, the final delay will be lager.

3 Conclusion
This is only a preliminary simulation. We kindly ask other companies to take the new and variant applications into account for further evolution and then identify the possible issues:

Proposal 1: Study and discuss the performance of current scheduling schemes, and identify the possible issues taking the new and variant applications into account.
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5 Appendix—Assumption

	Parameters
	Values

	System Bandwidth
	10MHz

	PDCCH signaling number in one TTI for DL
	10, 6[3] 

	The number of PRB for PDSCH/PUSCH
	50

	HARQ Retransmission
	No HARQ Retransmission

	Packet Drop handling
	No Packet Drop

	Packet Size
	Small enough to be carried by almost one PRB in one TTI

	UE Number
	100~500

	Traffic Model
	Poisson distribution with λ=25Times/Second, andλ=50Times/Second
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