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1 Introduction

In RAN#58, it is agreed that the study for Small Cell Enhancements shall include the following areas [1]:

· 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

· Introduction of a higher order modulation scheme (e.g. 256 QAM) for the downlink.

· Overhead reduction for reference signals, control signals and feedback in downlink and uplink based on existing channels and signals. 

In this contribution, we will give technical analysis on potential aspects of overhead reduction and provide evaluations on performance of downlink DMRS overhead reduction.
2 Analysis of small cell characteristics
In some of small cell scenarios, e.g. indoor and hotspot scenarios, the following characteristics are observed:
· Small delay spread: maximum delay is less than 300ns in ITU-InH scenario and less than 800ns in ITU-UMi scenario according to Table A1-9 ~ Table A1-13 in [2];
· Low mobility: stationary or walking speed;
· The number of users: small number of users in small cell coverage. 

Small delay spread and low mobility will result in a relatively flat channel, which is favorable for the lower density of reference signals. 

Furthermore, the amount of control signaling would decrease if the number of users in small cell coverage is smaller. So, it is possible to reduce the control channel overhead and boost system capacity.

Observation 1:

· In small cell scenario, such as indoor and hotspot deployment, it is feasible to reduce the overhead of reference signal and control signaling.

3 Potential aspects of overhead reduction
3.1 Overhead reduction for DMRS
The DMRS pattern specified in Rel-10 for normal cyclic prefix and normal subframe is shown in Figure 1.
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Figure 1. DMRS pattern specified in Rel-10 for normal cyclic prefix and normal subframe

As shown in Figure 1, DMRS has about 7.1% overhead when the number of transmitting layers is 1 or 2, and has about 14.3% overhead when the number of transmitting layers is larger than 2. Considering that channel conditions are stable in a small cell, DMRS could be reduced in time domain and/or frequency domain. One way is to reduce DMRS density per PRB, while the other way is removing completely DMRS in partial PRBs and/or subframes. A combination of above two methods is also possible. At this stage, the evaluation should firstly identify the overall needed density of DMRS with small cell channel condition, then considering the pattern design for the appropriate granularity and distribution in time domain and/or frequency domain. 
Proposal 1:

· DMRS overhead reduction should evaluate and identify
· Overall DMRS density with small cell channel condition 
· The appropriate granularity on time domain and/or frequency domain
3.2 Overhead reduction for control signaling
Downlink control region reduction

On a legacy carrier, the downlink control region occupies 1~4 OFDM symbols, which means that control region requires at least 7.1% overhead. However, in indoor and hotspot scenarios, considering the number of user in small cell coverage is small, the quantity of control signaling will be lower. In this case, even only one OFDM symbol may be over-provisioned for serving a few UEs. If EPDCCH is used, the control signaling could only occupy several RBs, which may use less overhead compared to one OFDM symbol. Therefore, if control region is removed, the overhead could be reduced. However, legacy UEs cannot work on a carrier if the downlink control region is removed entirely. To keep backward compatibility and allow Rel-12 UE to access system using PDCCH on a standalone carrier, downlink control region should not be removed entirely. 
If downlink control region in legacy subframes has enough capacity, PDCCH could be used to schedule the subframes which have no control region by cross subframe scheduling or multiple subframes scheduling. If downlink control region in legacy subframes doesn’t have enough capacity, EPDCCH could be used to schedule the subframes which have no control region.
Downlink Control signaling reduction
Considering a small number of users in a small cell, the service for one user may be continuous. Further, user mobility is low in a small cell, so the channel condition is stable in time domain. Therefore, it is possible to introduce multiple subframes scheduling and/or cross subframe scheduling to reduce overhead.
In addition, because of flat channel characteristic in frequency domain and small number of users in small cell, enlarging RBG size is also a possible way to reduce control signaling overhead.
Uplink Control signaling reduction
A potential way of reducing uplink control signaling is to reduce feedback content, such as enlarging subband size to reduce payload size requirement of subband PMI/CQI. However, feedback overhead is already configurable in current specification, i.e. wideband or subband is configurable, reporting instance is configurable or triggered dynamically. The necessity of further enhancement on top of the current design needs further studied.
Besides several possible aspects of overhead reduction mentioned above, other possible enhancements on control signals and feedback in downlink and uplink are not precluded in further study.

Proposal 2:

· Downlink control region could be reduced on partial subframes to reduce overhead, at the same time keep backward compatibility.
· Overhead reduction for DL/UL control signaling should be studied.
4 Evaluation of DMRS density in small cell
In this section, we evaluate the performance of reduced DMRS density with small cell channel condition (low speed and small delay profile channel). The DMRS pattern for 12 RE/RB and 4RE/RB is shown in Figure 2.
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Figure 2. DMRS pattern for 12 RE/RB and 4RE/RB

In the simulation, the control region occupies 2 OFDM symbols and 2 CRS ports are assumed. Transmission mode is TM9 and rank is fixed as 1, i.e. only port 7 is used. Based on the above overhead assumption, the upper bound of DMRS overhead reduction gain is 8/120 =6.67%. Modulation and code rate is fixed as (QPSK,1/3), (16QAM,1/2), (64QAM,3/4). The PRG size is assumed as 3 PRBs according to section 7.1.6.5 in [3]. Other detailed simulation assumptions are shown in the Appendix. The spectrum efficiency of different DMRS density and different MCS level is shown in Figure 3, while the relative gain of 4RE/RB over 12RE/RB is shown in Figure 4.
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Figure 3. Spectrum efficiency vs SNR
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Figure 4. Spectrum efficiency gain of 4RE/RB over 12RE/RB

Based on the results, we can observe that spectrum efficiency can be improved much by reducing DMRS overhead, especially in middle and high SNR regions. When keeping BLER is 0.1, (QPSK,1/3), (16QAM,1/2), (64QAM,3/4) could get 3.5%, 4.9%, 4.7% SE improvement respectively. If the case of rank> 2 is considered, the potential gain of DMRS reduction should be even larger. Considering the small cell UEs usually experience relatively high geometry, DMRS overhead reduction is worthwhile .
Observation 2:

· DMRS reduction can improve the spectral efficiency in middle and high SNR region.
· About 5% gain could be achieved for rank1 transmission.
5 Conclusions

In this contribution, we analyze potential aspects of overhead reduction and provide evaluations on performance of DMRS density reduction. The observations and proposals are summarized as follows:
Observation1:

· In small cell scenario, such as indoor and hotspot scenarios, it is feasible to reduce the overhead of reference signal and control signaling.

Observation 2:

· DMRS reduction can improve the spectral efficiency in middle and high SNR region.
· About 5% gain could be achieved for rank1 transmission.
Proposal 1:

· DMRS overhead reduction should evaluate and identify
· Overall DMRS density with small cell channel condition 
· The appropriate granularity on time domain and/or frequency domain

Proposal 2:

· Downlink control region could be reduced on partial subframes to reduce overhead, at the same time keep backward compatibility.
· Overhead reduction for DL/UL control signaling should be studied.
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Appendix

Table 1. Simulation assumptions for DMRS overhead reduction
	Parameters
	Assumption

	Carrier frequency
	2.6 GHz

	System bandwidth
	10 MHz

	Cell ID
	0

	Channel model
	EPA 

· The delay profiles refer to TS36.101 Table B.2.1-2

	User speed
	3km/h

	Transmission mode
	TM9

	MIMO configuration
	2x2 with low correlation

· refer to TS 36.101 B.2.3.2

	CRS configuration
	Antenna ports 0,1

	CSI reference signals
	2-port NZP CSI-RS with 5ms periodic

Without ZP CSI-RS

	DMRS
	Port 7 

	Rank
	Fixed as 1 

	PMI
	Fixed as 0

	Modulation and Code rate
	Fixed as (64QAM 3/4), (16QAM 1/2), (QPSK 1/3)

	HARQ
	Yes

	Channel estimation
	Practical

	PRG size
	3 PRBs

	Cyclic prefix
	Normal

	Overhead assumption
	Baseline:

2 PDCCH symbols;

2-port CRS;

2-port CSI-RS with 5ms period, without ZP CSI-RS;

	Metric
	Spectrum efficiency [bps/Hz]


