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1 Introduction

This paper presents some concerns on the current LTE DL scheduling mechanism which may face deficiency when treating small data packet services, e.g., IM and gaming. Moreover, it is envisioned that the signalling capacity limitation problem will become more serious when new features of LTE-A, e.g., CA, MU-MIMO and M2M, are introduced. Finally, it is proposed to evaluate the network inefficiency resulting from the diverse data applications with small data packet size and consider improving the scheduling efficiency. 

2 Discussion
With the current DL scheduling mechanism, the scheduling overhead is naturally low when transmitting large amounts of data packet at once. However, instant communication (e.g., messages, social networking) and real-time services (e.g., games and video) are becoming more and more prevalent. Also as being prioritized in previous meetings, background traffic, IM and gaming services are treated as high priority cases in the E-DDA WI. In general, this kind of services is usually featured with non-periodic small data bursts:
-Gaming: frequent small data bursts, low delay, low jitter requirements 
-IM: intermittent bursts of always on applications 
When this kind of services increases in the mobile network, the average scheduling overhead of LTE network will become much higher which can affect the network efficiency and the end user’s quality of experience. 
Moreover, it is envisioned that the downlink scheduling capacity limitation problem will become more serious with new features of LTE-Advanced, e.g., CA, MU-MIMO and M2M, as discussed below.
1) Carrier Aggregation
In Rel-10 CA, cross-carrier scheduling is enabled which can provide more diversity gain. Moreover, the control signalling interference problem (for PDCCH, PBCH, SCH) under HetNet scenarios can be effectively handled through coordination of carriers carrying control signallings between Macro cell and the interfered Pico cell, as shown in Fig. 1. 
However, in this case, UEs used to be scheduled on multiple carriers can only be scheduled through the primary carrier carrying all scheduling information. Since that the downlink control region per carrier for PDCCHs is limited to 3 OFDM symbols, the limitation from PDCCH capacity can be more serious under this multi-carrier cross scheduling scenario. 
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Fig. 1 Illustration of scheduling capacity problem under CA scenario 
2) MU-MIMO
When DL MU-MIMO is supported in LTE Rel-10, the PDSCH for multiple UEs can reuse the same time-frequency resource blocks (Fig. 2), while the PDCCHs intended for each UE still have to be allocated with disjoint REs. Thus, although the data region capacity/efficiency is increased to accommodate more users, the corresponding PDCCHs’ capacity/efficiency is still low and then become the bottleneck of the system capacity.
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Fig.2 Illustration of scheduling capacity problem under MU-MIMO scenario 
3) M2M
MTC is typically featured with large number of small data transmissions. It will be very inefficient for delivering such kind of traffic through the current LTE scheduling mechanism with the PDCCH limitation. 

3 Conclusion

This paper presents considerations on the DL scheduling capacity/efficiency problem for prevalent small data packet services. Furthermore, we provide general analysis on the same problem related to CA, MU-MIMO and M2M scenarios, and then we would like to conclude with the following proposal:

Proposal: The scheduling/PDCCH inefficiency resulting from diverse data application and further downlink signalling reduction schemes should be studied. 
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