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1 Introduction
In RAN1 #72 meeting, small cell enhancement SI was regarded as one of the most important topics in Rel-12 and received intensive discussion on scenarios and corresponding enhancements. During the meeting, many spectrum efficiency enhancement techniques, such as higher order modulation, DL/UL DMRS overhead reduction and control signalling enhancements, are considered to be possible study points in small cell scenarios due to the correlated channel condition in the time and frequency domain. 
The updated evaluation results of 256QAM are given in [1] while the analysis and evaluations of DL/UL DMRS overhead reduction are discussed in [2]. This contribution discusses different solutions of control signaling enhancements in small cell scenarios.
2 Techniques for control signaling enhancement
2.1 PDSCH region starts from first OFDM symbol
It was proposed in [4] that with ePDCCH, it is possible that legacy PDCCH region is totally removed and one to four OFDM symbols could be used for PDSCH transmission. This is a feasible method to increase the transmission resource and boost the system capacity, as in Figure 1.
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Fig. 1 PDSCH start from first OFDM symbol
Since the Rel-11 ePDCCH does not support common search space and pre Rel-11 UE even does not support ePDCCH, the legacy PDCCH control region cannot be removed from all subframes. Especially in subframes containing SIBs and paging information, the legacy PDCCH control region should be maintained.
It is possible to indicate that the PDSCH start from 1st OFDM symbol by dynamic signaling, e.g, the reserved value of PCFICH. Alternatively, using higher layer signaling is another possibility. 
Proposal

· PDSCH can start from the first OFDM symbol in some subframes 

· To keep backward compatibility for legacy UEs, control region should be maintained at least in subframes which contain SIBs and paging information.
· The indication of the subframes without PDCCH region could use either dynamic signaling, e.g, reserved value in PCFICH, or higher layer signaling

2.2 Multi-TTI scheduling
Another study point of control signaling enhancement is to schedule the PDSCH in more than one subframe with a single PDCCH/ePDCCH instance, which is called multi-TTI scheduling, as shown in Figure 2. Multi-TTI scheduling scheme applies the same value to multiple subframes for some transmission parameters, such as PRB allocation, MCS, etc due to the similar channel characteristics among those subframes. The signaling overhead is reduced accordingly compared to the dynamic single TTI scheduling for each subframe.
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Fig. 2 Multi-TTI scheduling
One concern regarding the multi-TTI scheduling is that the scheduling flexibility may be limited since the PRB allocation, MCS or other parameters are the same in multiple subframes. This seems not to be a big problem because those scheduling information might be similar in multiple subframes even in dynamic single TTI scheduling case, due to the relatively invariant channel condition and small UE number especially in sparse deployment. It might be different in dense deployment if the interference fluctuation is large.
Ideally, dynamic scheduling and multi-TTI scheduling are complementary methods and could be used by the eNB alternatively according to the channel condition and service type. It should consider that the bursty traffic service time might be affected when the packet arrives during a long multi-TTI scheduling interval.

To facilitate multi-TTI scheduling, consideration on the corresponding HARQ-ACK and retransmission procedure design seems necessary.
Proposal

· The balance between overhead reduction and service latency should be considered in the investigation of Multi-TTI scheduling.
2.3 UL control enhancement for dual connectivity
In dual connectivity mode, the UE connects to macro and small cell layers by different or same carriers. One example is illustrated in Figure 3 where f1 of Macro cell provides wide coverage and f1 or f2 is used in the small cells to offload data. The backhaul between Macro cell and small cells is assumed to be non-ideal.
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Fig. 3: A typical scenario of dual connectivity 
As discussed in a companion paper [5], directly applying existing CA mechanism for dual connectivity would face challenges such as the non-ideal backhaul between the macro and small cells, UE capability of operating two independent links simultaneously, etc. For example, the current CA mechanism only supports transmitting PUCCH in Pcell. In dual connectivity mode, the Pcell may not forward the UCI information to Scell in time due to the non-ideal backhaul limitation and this would impact the dynamic scheduling and timing of the Scell transmission. Possible extension is to transmit PUCCH on Scell or to allow the Scell to listen to the PUCCH of the Pcell and obtain its own UCI. Backhaul limitation also exists when multiple cells’ UCI piggybacks on PUSCH. Possible extension could be to transmit individual UCI to the corresponding cell or to select transmitting UCI according to the priority. 
Proposal

· If the UE does not operate two independent links simultaneously, consider UCI enhancement to facilitate dual connectivity operation in physical layer.
3 Conclusion
In this contribution, different techniques for control signaling enhancement in small cell scenarios are analyzed and the proposals are:

· PDSCH can start from the first OFDM symbol in some subframes 

· To keep backward compatibility for legacy UE, control region should be maintained at least in subframes which contain SIBs and paging information.
· The indication of the subframes without PDCCH region could use either dynamic signaling, e.g, reservde value in PCFICH, or higher layer signaling
· The balance between overhead reduction and service latency should be considered in the investigation of Multi-TTI scheduling.
· If the UE does not operate two independent links simultaneously, consider UCI enhancement to facilitate dual connectivity operation in physical layer.
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