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1. Introduction
Extensions to the control signaling framework have been suggested as one potential improvement for reduced control signaling overhead in small cell scenarios. In RAN WG1 #72bis, the following topics where highlighted for further study

· multi/cross-subframe scheduling

· PDSCH/ePDCCH starting in the first OFDM symbol
The latter enhancement is discussed in detail in the companion contribution [1], whereas herein we focus on the potential benefits and challenges with multi- and cross-subframe scheduling.
2. Discussion
2.1. Multi- and cross-TTI Scheduling

It is expected that the load of a small cell node will be relatively small, and that the radio channel is relatively stationary in both time and frequency domain. Therefore, multi-TTI scheduling could be utilized to reduce the control signaling overhead. A multi-TTI scheduling assignment/grant contains the scheduling decision for a UE to receive or transmit data involving multiple TTIs. It has the advantage of reduced scheduling signaling overhead. On the other hand, it comes at the cost of reduced dynamic scheduling flexibility. The scheduling restrictions caused by multi-TTI scheduling can degrade the system performance and adaptability to changes in the radio environment and the traffic load/buffer levels.

For example, if new data arrives at eNodeB, the eNodeB may not be able to transmit the new data until previous scheduling commitments are fulfilled. Such constraints introduce additional delays in the link, which can be very detrimental for delay sensitive traffic and impact, for example, TCP slow start. An essential aspect of eNodeB implementation is to minimize the constraints imposed on the allowable scheduling. In particular the data traffic is dynamic by nature, and can change on a very short time-scale. The scheduling restrictions inherently degrade the system adaptability for changes in the radio environment and traffic load. Similarly, the scheduling constraints for uplink transmissions can degrade the performance and increase the latency of the system.
Observation:

· Multi-TTI scheduling assignments/grants can introduce scheduling restrictions which degrade the system performance.
In Rel-11, the ePDCCH is introduced. Therefore, the potential overhead reduction on downlink control signaling is very limited, especially for wide bandwidths. For example, on a 20 MHz carrier, a single RB for ePDCCH corresponds to less than 1% overhead. Further reduction on control signaling in downlink has limited gains. In addition, the load of a small cell is expected to be lower than that of a Macro, hence the capacity of the control channel should not be an issue. On the other hand, multi-TTI scheduling assignments/grants could allow for PRB bundling in time, which could contribute performance gains in excess of the overhead reduction.
Proposal: 

· Any considered control signaling overhead reductions should demonstrate a tangible throughput gain.
· If Multi-TTI or cross-subframe scheduling grants are introduced, mechanisms to override and/or interrupt such a grant must be specified to avoid scheduling restrictions.

3. Relationship to PDSCH transmission in first OFDM symbol

In order to benefit from a reduced control signaling payload (or less frequent signaling of control messages), it is essential that the reduced control signaling messages translates into more resources for the PDSCH—otherwise there is no overhead reduction. Currently, the minimum control region size is one OFDM symbol, and hence there is no performance benefit of reducing the control signaling payloads to less than the capacity of the PDCCH of a single OFDM symbol.
Considering that a relatively low load is anticipated in the small cell layer, the single OFDM symbol PDCCH is likely to be sufficient to capture essentially all control signaling messages. Hence, with a minimum control region of one OFDM symbol, there is no point in reducing the number (or payload) of control messages—it will not be translated into more resources for the PDSCH.

Observation:

· With a minimum control region of one OFDM symbol, there is no point in reducing the number (or payload) of control messages—it will not be translated into more resources for the PDSCH.
Proposal:
· Allowing PDSCH transmissions in the first OFDM symbol is a prerequisite before considering further control signaling reductions.
4. Conclusions
Herein we discuss the merits of control signaling reductions in the form of multi-TTI and cross-TTI scheduling grants. We make the following observations and proposals:
Observations:

· Multi-TTI scheduling assignments/grants can introduce scheduling restrictions which degrade the system performance.

· With a minimum control region of one OFDM symbol, there is no point in reducing the number (or payload) of control messages—it will not be translated into more resources for the PDSCH.
Proposals:

· Any considered control signaling overhead reductions should demonstrate a tangible throughput gain.
· If Multi-TTI or cross-subframe scheduling grants are introduced, mechanisms to override and/or interrupt such a grant must be specified to avoid scheduling restrictions.

· Allowing PDSCH transmissions in the first OFDM symbol is a prerequisite before considering further control signaling reductions.
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