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1. Introduction
At RAN#51 meeting in Kansas City in March, a new Work Item “LTE RAN Enhancements for Diverse Data Applications” [1] was approved for Release 11, which aims at providing optimized support for diverse data applications, such as always-online services and parallel applications running in the same time, in a resource-effective way and with better power saving effects.
This contribution analyses the basic characteristics of always-online services, as well as the scenarios with multiple applications, and give an optimized method of scheduling.
2. Discussion
The following drivers for support of diverse data applications were emphasized in [1]:
· The range of device types utilising current mobile networks continues to expand, encompassing smart phones, laptops, netbooks, tablets and embedded modems.  Many are capable of running a wide variety of data applications, often in parallel.  Such a diversity in device and application type creates a corresponding diversity in the traffic profiles that must be efficiently supported by the radio access networks on which they run.
With the wide variety of data applications, especially when in parallel, the data traffics arriving at NAS-AS SAP also have a wide variety in terms of data burst size and blank spacing, while most of the data bursts will be small packets. Since the data applications do not have a definite periodicity of arriving, it is not appropriate to use Semi-Persistent Scheduling. In addition, to reduce UE power consumption to the largest extent, it is better to adopt fast dormancy mechanism to make UE not to maintain uplink synchronization with the network, and the link can be resumed upon the arrival of next data burst.
According to the above analysis, the optimization for the support of occasional small data bursts without periodicity needs to be considered in Release 11, and the size of data packets has a large variety. Based on these characteristics, the current mechanism of dynamic scheduling shall be examined first.
Figure 1 gives an example of the PDCCH transmission occasions in the current dynamic scheduling mode. Assume the downlink data volume in the buffer needs 4 TTIs to be transmitted, and the eNB decided to schedule the PDSCH in subframes 0/8/16/24. Associated with the PDSCH transmission, PDCCH should also be transmitted in subframes 0/8/16/24.
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Figure 1: PDCCH transmission occasions in the current dynamic scheduling
For the example in Figure 1, although the eNB has already known that 4 subframes are needed to transmit all the buffered data, 4 PDCCHs still need to be transmitted in the current dynamic scheduling principle. If the PDCCH in subframe 0 can allocate the PDSCH resources in subframes 0/8/16/24, then the PDCCH in subframes 8/16/24 are not needed anymore. By allowing PDCCH scheduling PDSCH/PUSCH resources in multiple subframes, the control channel overhead is reduced dramatically, and the radio resource efficiency is increased to a great extent. This method is referenced as multi-shot scheduling in the following part of this paper.
Multi-shot scheduling is controlled by eNB, just as the principle for dynamic scheduling. UE’s transmission of PUSCH and reception of PDSCH shall be performed in the subframes indicated by eNB.
Proposal 1: RAN2 is requested to investigate the feasibility of introducing multi-shot scheduling for diverse data applications.
In the principle of multi-shot scheduling, the number of allocated TTIs (N) and the number of TTI spacing (S) need to be signalled to UE from eNB, either by RRC signalling or by PDCCH.  As the example shown in Figure 2, the subframe 0 in dark green means that both PDCCH and PDSCH are transmitted in this TTI, and the PDCCH in this subframe allocates PDSCH resources in subframes 0/4/8/12. Only PDSCH is transmitted in subframes 4/8/12, which are marked in light green.
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Figure 2: PDSCH resources allocation with N=4/S=4 for multi-shot scheduling
Proposal 2: For multi-shot scheduling, the number of allocated TTIs (N) and TTI spacing (S) need to be communicated between UE and eNB.

To further reduce the signalling overhead, the parameters N and S can be jointly coded, e.g., to introduce a definition of multi-shot scheduling modes. An example of the definition for multi-shot scheduling modes is shown in Table 1. For example, the scenario in Figure 2 is defined as Mode 6 in Table 1.
Table 1: Example of the definition for multi-shot scheduling modes
	Multi-shot scheduling mode (3 bits)
	Number of allocated TTIs (N)
	TTI Spacing (S)

	0
	1
	1

	1
	2
	1

	2
	2
	2

	3
	2
	4

	4
	4
	1

	5
	4
	2

	6
	4
	4

	7
	8
	1


The definition of multi-shot scheduling modes can be defined in the standard in a fixed manner, or decided by the eNB and signalled to UE by RRC signalling.
Proposal 3: the number of allocated TTIs (N) and TTI spacing (S) can be jointly coded to reduce signalling overhead.
3. Conclusion
This contribution analyzed the requirements for diverse data applications and suggested to introduce multi-shot scheduling with the following proposals:
Proposal 1: RAN2 is requested to investigate the feasibility of introducing multi-shot scheduling for diverse data applications.

Proposal 2: For multi-shot scheduling, the number of allocated TTIs (N) and TTI spacing (S) need to be communicated between UE and eNB.

Proposal 3: the number of allocated TTIs (N) and TTI spacing (S) can be jointly coded to reduce signalling overhead.
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