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1 Introduction

In RAN1 #72bis, many solutions have been proposed for control signaling reduction. Although no consensus was reached in the meeting，acoording to the chairman notes, multi-subframe scheduling and cross-subframe scheduling will be the focus. In this contribution, we will continue to discuss the possible enhancements on control signaling.

2 Discussion
According to the same reason as the density reduction of DMRS, the overhead reduction of the control signaling can also be considered as a method to save signaling resource and lead to less interference to the whole system. 
For downlink, the means of reducing control signaling was proposed by many companies is multi-subframe scheduling. But the further analysis of multi-subframe scheduling is still needed. And another method of PDSCH/EPDCCH starting in first OFDM symbol should be studied further also.The followings give out the analysises of multi-subframe scheduling and PDSCH/EPDCCH starting in first OFDM symbol.
2.1 Multi-subframe scheduling
Multi-subframe scheduling means that a single PDCCH/ePDCCH can schedule the multiple different PDSCH/PUSCH transmission. This means the overhead of scheduling grants can be reduced. It is similar to the semi-persistence scheduling (SPS) but has difference still.The difference of multi-subframe scheduling and SPS is that multi-subframe scheduling will grant the UE several subframes transmission resources.And the grant can be effective for the granted several subframes.However SPS gives the UE the transmission resources for a relative long time and the resources occupancy are uncontinuous and periodic. And SPS generally is used for the UE with periodic traffic arrival and small packet data.On the other hand,multi-subframe scheduling is targeted for the bursty traffic with relatively large packet. The packet should be large enough, so that the transmission cannot be completed in one or two TTIs, otherwise no overhead reduction can be achieved. 
In RAN1 #72bis, it is agreed that the scenario 2a will be used to evaluted the multi-subframe scheduling. The prefix of multi-subframe scheduling is the channel status changes slowly. If the channel status changes fast the neighbouring subframes granted will have different channel status and the number of the scheduled by a PDCCH will be very limited. So the UE speed can’t be very high.The number of the scheduled subframes is related to the UE speed and need to simulation evaluation further.

There are some other issues to be considered once the multi-subframe scheduling is introduced. The first question is that the scheduling timing between the granted time and the transmission time will be changed and PDSCH will transmit in the granted subframes. But the timing of PDSCH and the HARQ feedback can be unchanged and use the current feedback timing.Thus the NACKs of the different PDSCH of the same UE may be feedbacked in the different subframes.The scheduler should schedule the retransmissions according to the HARQ characteristic of downlink and uplink.The HARQ timing can be changed also.Consequently the ACK/NACKs can be feedbacked in a same subframe. And the scheduler will schedule all be retransmissions with the multi-subframe scheduling if the feedbacked result is NACK. Using this mechenism, the feedbacked result can be obtained through the ‘AND’ operation of the transmission results of these subframes or using the result of latest transmission. If the granted subframes are too many this will waste the resources for the unneccesary retransmission due to only few subframes NACK.

With this kind of scheduling, higher layer signaling to activate multi-subframe scheduling should bedesigned also.Considering the latency of the non-ideal backhaul between the small cells and between the macro cell and the small cell, the scheduling timing and HARQ timing may also be influenced and designed according to the practical use case. So the higher layer signaling and the timing of scheduling and HARQ can be considered together.
How to handle the link adaptation should be another issue to be considered. Multi-subframe scheduling can grant several subframes the transmission resources. The granted resources, as well as the modulation scheme, will not still the most suitable if the change of channel is large and the link adaptation should be used still. Some schemes to activate the grant change should be studied. Only the channel change exceeds a certain range the grant should be changed according to the link adaptation.
Multi-subframe scheduling has some limitation to scheduler since it can save PDCCH/ePDCCH. Firstly, the scheduler should consider the number of subframes to be scheduled, and should select the most suitable frequency domain resources and modulation scheme accordingly.Secondly the scheduler should schedule the retransmission of multi-subframe scheduling according to the HARQ characteristic for downlink and uplink respectively.But these limitation to scheduler has almost no impact to standarzation. 
Observation 1: high layer signaling to activate multi-subframe scheduling should be determined.Scheduling timing and HARQ timing should be designed considering non-ideal backhaul and multi-subframe scheduling. Activating change of grants considering link adaptation should be studied and give out suitable mechnism.  

2.2 PDSCH/EPDCCH starting in first OFDM symbol
As given in [2], which PDSCH starting from the first OFDM symbol instead of the second gives a throughput gain of 6 ~8%. But since the current PDCCH region start from the first symbol, it is almost impossible to use the first symbol for PDSCH and the PDSCH will collide with the legacy DL control sigmaling. The method of which PDSCH starting in first ODFM symbol can only be used only under the condition of with ePDCCH and an introduced downlink control region size of zero.
Moreover, since the Rel-11 ePDCCH does not support common search space and the pre-Rel-11 UE even does not support ePDCCH, the legacy PDCCH control region cannot be removed from all subframes from the backward compatibility point of view. In [3], it is pointed out that in the subframes containing SIBs and paging information the legacy PDCCH control region should be maintained, otherwise the PDSCH will conllide with the SIBs and paging which will lead to the system performance seriously degradation. Actually any possibility leading to collision of PDSCH and PDCCH control region should be avoided.
The change of the starting point of PDSCH should be informed to UE. Generally there are two possible methods to reach the purpose. One is to indicate that the PDSCH starts from 1st PFDM symbol by dynamic signaling, e.g. similar to PCFICH. This solution would have significant specification impact. Another is through higher layer signaling.
Observation 2: Considering backward compatibility, PDCCH control region can’t be removed in all the cases. Methods of informing PDSCH/EPDCCH starting in first OFDM symbol should be determined.
Proposal 1: Multi-subframe scheduling and PDSCH/EPDCCH starting in first OFDM symbol should be considered as the base methods to reduce the control signaling in small cell.The impact of multi-subframe scheduling and PDSCH/EPDCCH starting in first OFDM symbol should be studied further. 
3 Conclusion

In this contribution, we discussed the possible enhancement for control signaling. Our proposal is as following:
Proposal 1: Multi-subframe scheduling and PDSCH/EPDCCH starting in first OFDM symbol can be considered as the base methods to reduce the control signaling in small cell. The impact of multi-subframe scheduling and PDSCH/EPDCCH starting in first OFDM symbol should be studied further.
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