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1 Introduction

In RAN1#72 meeting, most evaluation assumptions for the physical layer enhancement of different small cell scenarios has been determined and only some few remaining parameters should be further discussed. The DMRS and controlling signal schemes were also discussed but still could not reach the agreement. In this contribution, we firstly discuss the possible enhancement on overhead reduction for the UE-specific RS and control signaling, and then focus on the evaluation of upink DMRS reduction.

2 Discussion
2.1 Enhancement for UE specific RS
The UE-specific RS, a. k. a. DMRS, is used for coherent demodulation for the transmitted data on uplink or downlink. The density of UE-specific RS should be carefully designed to satisfy the performance requirement of UE and eNB.
In the small cell deployment scenarios, the DMRS reduction may improve the system efficiency. Because that with the distance between the transmitter and the receiver is reduced, the DMRS with less density may also achieve reliable demodulation performance due to the less path loss and thus more reliable air link Consequently, UE-specific RS density reduction is a promising method to deal with the small cell deployment. 
One may argue that the overhead that can be saved by reduced DMRS is limited, for example, assuming two antenna ports, which could be one of the typical configurations for small cells, is employed. In this case, assuming CFI=2, there are still 12*12-12=132REs are available for carrying the data, which means at most 9% overhead could be saved if DMRS are excluded at all. However, taking into account the fact that less CFI, e.g., 1 or 2 might be a typical configuration, as well as NCT is deployed on small cells, the number of available data REs would be increased. And thus, the gain of overhead reduction from DMRS would be decreased. Furthermore, the demodulation performance might be degraded due to reduced DRMS. Therefore whether there is any gain as well as the required standardization effort need to be further studied.
There are two means to decrease the DMRS density:
· Decrease the amount of REs which are allocated for DMRS in each PRB;
· Decrease the amount of PRBs which are allocated for DMRS;
To change the DMRS pattern in a specific PRB has less backward compatibility and may require higher standardization efforts. Hence, it is not preferable to change the DMRS pattern (i.e., the amount of REs for DMRS in a specific PRB) by considering the abovementioned drawbacks.
Compared with the current design for DMRS, less PRBs that include DMRS can be considered, e.g., DMRS could be only contained every two PRBs instead of currently every PRB contains the DMRS signals. This method can decrease the signaling overhead produced by the UE-specific and has less impact of the operation of the system. The eNB can notify the UE about the frequency configuration/ frequency starting position of the UE-specific RS, which can be included in the high-layer parameter set or in a dynamic way according to the realistic application scenario. Then the transmitter sends the UE-specific RS with less density and the receiver does the equalization and the demodulation with less density. Whether this density reduction method in the PRB level can work need to be carefully evaluated.
Observation 1: Overhead reduction of the UE-specific RS may increase the spectrum efficiency compared with current design. Density reduction of UE-specific RS in the PRB level with less standardization work can be considered if justified by the performance evaluation.
Proposal 1: Density reduction of downlink UE-specific RS in the PRB level should be considered.
2.2 Overhead reduction for control signaling
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 overhead reduction for control signaling mainly includes two methods: reduce downlink grant; increase RBG size to decrease the overhead of control signaling. The followings provide several ways to reduce the downlink grant.
Cell search space on ePDCCH or PDCCH
The control signaling of downlink can be carried by PDCCH or ePDCCH. With much closer distance and thus much more reliable air link, the control signaling transmission can save signaling overhead by utilizing lower aggregation level, which can increase the information efficiency to a large extent. For the reason that the ePDCCH is more flexible at resource allocation and the interference avoidance, utilization of ePDCCH other than the PDCCH can also save the signaling overhead for control signaling. Lower aggregation level control signaling can be supported for both the legacy UEs and the advanced UEs. Although CSS on ePDCCH rather than PDCCH can only be supported in a non-backward compatible manner, the new carrier type will be used for small cell which is non-backward technique. CSS on ePDCCH and NCT can be combined to use for the small cell scenario. 
Multi-subframe scheduling
Considering the indoor deployment, the channel state may change very slowly in the time domain, therefore multi-subframe scheduling can be introduced to save the overhead of downlink grant. Multi-subframe scheduling means that a single PDCCH/ePDCCH can schedule the multiple different PDSCH/PUSCH transmission. With this kind of scheduling, a new scheduling timing and HARQ timing need to be designed to cope with this circumstance, such as high layer signaling to activate multi-subframe scheduling and feed back the A/N according to the latest data transmission, which is non-backward compatible and need much standardization work. However, consider 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. If the performance and the signaling saving of the multiple subframe scheduling can be justified by the simulation, the multi-subframe scheduling can also be considered as the method to reduce the overhead of downlink control signaling.
Observation 2: If justified by the simulation, lower aggregation level of PDCCH/ePDCCH, CSS on ePDCCH and multi-subframe scheduling of data transmission can be considered as control signaling reduction method.
Proposal 2: The abovementioned methods to reduce the control overhead should be considered.

2.3 Related evaluation results
We would like to evaluate the performance of the DMRS reduction on uplink because the simulation evaluation of downlink needs to wait for the RAN4 feedback. The main simulation assumptions are as shown below.

	Parameter
	Value

	System bandwidth（RB）
	6

	Carrier frequency（Hz）
	3.5e9

	UL/DL configuration
	All UL

	Antenna number of eNB
	2

	Antenna number of UE
	2

	             Number of UE
	1

	Modulation scheme
	QPSK

	CP type
	Normal

	Channel type
	'EPA'

	Speed of UE
	3km/h、30km/h

	Channel estimation
	'LS'


The reduced DMRS of UL as shown below:


[image: image1.emf]
The simulation results are shown in the below figure.
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Observation3: From the simulation results, the reduced DMRS pattern in each PRB has little influence on the system performance. The SNR is 0.5 dB worse than original one at BLER=10e-2.
Proposal 3: Density reduction of uplink UE-specific RS in frequency domain can be considered.
3 Conclusion

In this contribution, we discussed the possible enhancement for UE-specific RS and control signaling and the related evaluation assumptions, and our observations are as following:
Observation 1: Overhead reduction of the UE-specific RS may increase the spectrum efficiency compared with current design. Density reduction of UE-specific RS in the PRB level with less standardization work can be considered if justified by the performance evaluation.
Observation 2: If justified by the simulation, lower aggregation level of PDCCH/ePDCCH, CSS on ePDCCH and multi-subframe scheduling of data transmission can be considered as control signaling reduction method.
Observation3:From the simulation results, the reduced DMRS pattern at PRB level has little influence on the system performance, the SNR worse than original one 0.5dB at BLER=10e-2.

Proposal 1: Density reduction of downlink UE-specific RS in the PRB level should be considered.
Proposal 2: The above mentioned methods to reduce the control overhead should be considered.
Proposal 3: Density reduction of uplink UE-specific RS in frequency domain can be considered.
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