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1. Introduction

One objective in the study on small cell enhancements is to discover potential method to have improved spectral efficiency. UE-specific RS reduction and control signalling reduction are regarded as candidates to improve spectral efficiency. This contribution provides our views on control signalling reduction. UE-specific RS reduction is discussed in our companion contribution [1].
2. Discussion on Control Signalling Reduction
2.1 Multi-subframe Schdeuling
UEs served by small cell are expected to have lower mobility thus experiencing more time-invariant channel. As a result, UE and eNB may have the same preference on PRB pairs in several consecutive subframes for PDSCH or PUSCH transmission. Due to this property, downlink control signalling reduction can be utilized to provide more resource efficiency.
With larger channel coherence time on both downlink channel and uplink channel, using one DCI message to provide scheduling information for PDSCH or PUSCH transmission for multiple consecutive subframes can reduce downlink control signalling overhead for improved spectral efficiency. Reduction of downlink control signalling leads to reduction of downlink control region. The number of available resource for PDSCH transmission is increased. For example, reducing 3 PDCCH symbols to 1 PDCCH symbol can provide 14.3% gain. For small cells with 50 PRB pairs, reducing 8 EPDCCH PRB pairs to 2 EPDCCH PRB pairs can provide 12% gain. On the other hand, multi-subframe scheduling combined with UE-specific reference signal reduction can help channel estimation as mentioned in [1]. These benefits make multi-subframe a promising solution for improved spectral efficiency under small cell deployment. It should be noticed that if UE is configured to only multi-subframe scheduling, the scheduling flexibility may be affected since the PDSCH or PUSCH transmission is restricted to multiple subframes. There’s another issue should be noted. The traffic in each small cell is dynamic. The experienced interferences from other small cells may be fluctuated. This may bring fluctuated SINR even when wireless channel is time-invariant. Thus, the activation of multi-subframe scheduling should be carefully handled.
Observation 1: Multi-subframe scheduling can reduce control overhead and can help channel estimation when combined with UE-specific RS reduction. However, scheduling flexibility may be affected if UE is configured to only multi-subframe scheduling. The dynamic traffic in small cells may bring fluctuated SINR even when wireless channel is time-invariant.
2.2 Impact on Interference Coordination and Scheduling Flexibility
There may be some corresponding drawbacks for multi-subframe scheduling especially when every subframe is allowed to activate multi-subframe scheduling. First, dynamic power on/off switch upon small cells is regarded as an efficient solution [2] for interference coordination between small cells. If DCI messages in every subframe are allowed to be used for multi-subframe scheduling, dynamic power on/off switch upon small cells will be very difficult to implement. It is because that when multi-subframe scheduling is activated, small cell node cannot turn off the data transmission in these consecutive subframes. The flexibility of interference coordination will be severely affected if multi-subframe scheduling is possible in every subframe. Therefore, there is a tradeoff between scheduling flexibility and interference coordination. As a result, if UE can only be configured for either multi-subframe scheduling or normal single-subframe scheduling, UE configured for multi-subframe scheduling will not be able to be scheduled in a lot of subframes.
There are several possible solutions to deal with the abovementioned problem. A solution to this problem is to make UEs also have knowledge of the on/off status of small cells and UE can puncture those off-state subframes. But the scheduling limitation on only using multi-subframe scheduling still exists. Another solution is to add one more flag bit in DCI message to indicate whether single-subframe scheduling or multi-subframe scheduling is used for this DCI message. As a result, in every subframe UE is possible to be scheduled for both multi-subframe scheduling and single-subframe scheduling. However, additional control channel overhead is needed. The third solution is introducing multi-subframe scheduling activated pattern which contains the information about which subframe is valid for multi-subframe DCI messages while other subframes are not. For example, a sequence can be configured by RRC signalling to indicate the activated subframes. Multi-subframe scheduling is activated only in the activated subframes. The seamless switch between multi-subframe scheduling and single-subframe scheduling can be achieved. UE determines whether the scheduling information in the blindly decoded DCI messages in each subframe can be applied to the following several consecutive subframes or not according to the multi-subframe scheduling activated pattern. Multi-subframe scheduling DCI messages can be made more focused in the activated subframes. Since DCI messages for different mobile devices are multiplexed in PDCCH, more focused DCI messages leads to better multiplexing efficiency. More control signalling overhead can be reduced. On the other hand, on/off switch upon small cells may consider other small cells’ activated subframes for multi-subframe scheduling. More efficient interference coordination can be achieved.
Observation 2: Multi-subframe scheduling will have some impact on efficient small cell interference coordination. There are several possible solutions to deal with the problem: 1. UE also has the small cell node on/off status information. 2. Additional flag bit in DCI message. 3. Restricted subframe sets for multi-subframe scheduling.
3. Conclusion
In this contribution, we provide our views on control signalling reduction for improved spectral efficiency under small cell deployment. Some observations are summarized as below:

Observation 1: Multi-subframe scheduling can reduce control overhead and can help channel estimation when combined with UE-specific RS reduction. However, scheduling flexibility may be affected if UE is configured to only multi-subframe scheduling. The dynamic traffic in small cells may bring fluctuated SINR even when wireless channel is time-invariant.
Observation 2: Multi-subframe scheduling will have some negative impacts on efficient small cell interference coordination. There are several possible solutions to deal with the problem: 1. UE also has the small cell node on/off status information. 2. Additional flag bit in DCI message. 3. Restricted subframe sets for multi-subframe scheduling.
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