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1 Introduction
In RAN 58 meeting, a new SI for physical layer of small cell enhancement was approved [1]. The following study was mentioned in the SID:

· Study potential enhancements to improve the spectrum efficiency, i.e. achievable user throughput in typical coverage situations and with typical terminal configurations, for small cell deployments, including

· Enhancements and overhead reduction for UE-specific reference signals and control signalling to better match the scheduling and feedback in time and/or frequency to the channel characteristics of small cells with low UE mobility, in downlink and uplink based on existing channels and signals. 

In this contributions, we share our view on control overhead reduction of small cell and propose a feasible approach in this contribution.
2 Channel characteristics of small cell
For considering the overhead reduction approach, the channel characteristics of small cell with low UE mobility need to be taken into account. 
Small cell has the following characteristics: 
· The channel characteristic change slowly in time domain and frequency domain due to low mobility.
· The interference fluctuation is more dramatic than macro. 
· Small coverage, the average SNR that UE can reach under small cell is higher than that under macro.
· Few users than macro, but the average amount of data per user may be higher than that in macro.

· Dense deployment.
3 PDCCH overhead reduction 

Considering the channel characteristics of small cell mentioned above, one proper method is multiple subframes scheduling or a new TTI longer than 1 ms.

The scheduling parameters like MCS or resource allocation may not need to be changed subframe by subframe, since the channel characteristics of small cell change slowly. Because the average amount of data per user is larger than macro, small cell have higher probability for continuous scheduling. Multiple subframes scheduling or a longer TTI will reduce the overhead of PDCCH effectively in such case.
As describe in Fig 1, the RE saved for not sending PDCCH in follow subframes (marked yellow) can be use in transmission of the user data which will improve spectral efficiency.
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Fig 1 Multiple subframes scheduling or longer TTI
The saving of PDCCH resource could be as much as 58.3%, assuming 1 OFDM symbol reserved in the yellow region and 8 subframes are scheduled by 1 PDCCH. Reserving 1 OFDM symbol is to ensure backward compatibility. For ePDCCH, the saved overhead is up to 87.5% and 8 subframes are scheduled by 1 ePDCCH  Note ePDCCH may reallocate the unused RBs to PDSCH. However, this reused could be limited in case distributed ePDCCH are used
The reduction in control overheads benefits all users across the entire cell, irrespective of their location. 

However, the effect of overhead reduction is not always guaranteed:

· In large bandwidth with PDCCH scenario, since the number of user is relatively small, 1 OFDM symbol for each subframe could be sufficient. Because small cell need to ensure backward compatibility, 1 OFDM symbol need to be reserved in all subframes. Then, multiple subframes scheduling won’t save any PDCCH overhead.
Furthermore, the cost of multiple subframes scheduling or longer TTI should be taken into consideration:
· Multiple subframes scheduling or longer TTI bring time domain scheduling restrictions, when the number of small cell user increase, the time domain scheduling restrictions will degrade system performance.

· Multiple subframes scheduling or longer TTI means pre-scheduling, it has impact effects on HARQ retransmission and supporting bursty traffic scheduling.
· When same MCS are used means same MCS are used in all subframes being scheduling in multiple subframes scheduling or longer TTI, it will lead to a waste of resources efficient since the number of RE being used in different sub-frames could be different.

· Longer U-plane delay, especially with use of longer TTI. 

The difference between multiple subframes scheduling and longer TTI is whether it needs multiple HARQ entity or not. 
For multiple subframes scheduling, each scheduled subframe has its own HARQ entity, UE has to feed back multiple ACK/NACK in one scheduling. The benefit is when certain subframes in continuously scheduled subframes are not correctly decoded, eNB does not need to retransmit all the information that transmitted in first scheduling. Multiple HARQ entity does not reduce uplink overhead,unless HARQ bundling are used. It could impact on HARQ timing..

For longer TTI, it means that there is only one HARQ entity for each scheduling. Compared to multiple subframes scheduling, longer TTI reduces uplink overhead and allows use of longer information block size which will improve link performance by obtaining higher coding gain. The disadvantage of longer TTI is longer U-plane delay since when UE fails to receive a long TTI subframe, eNB has to retransmit all the information.
In summary, multiple subframes scheduling and longer TTI might enhance the spectral efficiency of small cell. But, it need careful evaluation in system level. The specific simulation assumption can refer to[2].
Proposal: System Level evaluation is needed for performance benifit of multiple subframes scheduling and new TTI longer than 1ms.
4 Conclusion 

In this contribution, we share our view on channel characteristics of small cell and propose studying point for control overhead reduction:

System Level evaluation is needed for performance benifit of multiple subframes scheduling and new TTI longer than 1ms.
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