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1. Introduction

Enhancements for improved spectral efficiency is one of the main study areas of the SI on small cell physical layer enhancements [1], as follows:
· 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.

· Enhancements and overhead reduction for UE-specific reference signals and control signaling 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. 
One proposal for increasing the peak data rates in small cells is to introduce a higher order modulation scheme (e.g. 256 QAM) as discussed in [6].  However, systems which employ higher order modulation schemes are potentially more sensitive to multipath propagation effects, inter-cell interference and thermal noise as well as the degradations imposed by practical manufacturing constraints [4].

In this contribution we discuss some aspects which need to be taken into account in the evaluation of DL higher order modulation in small cells, focusing particularly on assumptions related to implementation and deployment scenarios.
2. Implementation Requirements
For QAM signals, the higher the order of the constellation is, the smaller the minimum phase shift to cause decision errors [7]. Thus higher order modulation is more sensitive to realistic implementation issues, such as the noise figure of the receiver, waveform distortion in the transmitter, and the effects of pulse shaping filters and LP/BP filters.  
Compared to lower order modulation schemes, the sensitivity of higher order modulation to implementation losses imposes more stringent requirements on the linearity of all the semiconductor components from baseband to RF front end at the transceivers, especially for the power amplifiers.  The error vector magnitude (EVM) is used to specify the maximum allowable imperfections in the transmitted signal. Selection of the maximum allowable EVM value always involves a trade-off between the performance loss arising from the imperfections and the additional costs imposed on the transmitter to constrain the imperfections. A higher EVM value is therefore typically specified for lower order modulation schemes which are less sensitive to imperfections. The current EVM values for LTE are shown in Table 1.

Table 1: EVM values in LTE
	Modulation scheme for PDSCH
	Required EVM [%]

	QPSK
	17.5 %

	16QAM
	12.5 %

	64QAM
	8 %


For 256 QAM, much lower EVM values are typically needed because of the increased sensitivity. For example, in 802.11ac WLAN, the required EVM is only 3.2% for 256QAM 3/4 and 2.5% for 256QAM 5/6. Careful consideration will need to be given to what level of additional costs thereby imposed on the transmitter may be considered to be acceptable, especially considering that 256QAM would be proposed to be used in pico eNBs which are typically relatively low cost. In the light of such consideration, a realistic EVM level should be selected for the evaluations. 
For the receiver, higher order modulation imposes more stringent requirements on the symbol timing recovery, carrier-recovery and equalization.  For example, one of the challenges is the conflicting requirements on the design of carrier recovery loop as described in [7].  On the one hand, the higher order modulation requires a very small phase jitter to be compatible with steady-state or tracking performance of the loop.  On the other hand, it requires a wide frequency acquisition range to be compatible with the maximum frequency offset generated between the transmitter and the receiver.  To address this issue, a more complex carrier-recovery algorithm is necessary.  
Therefore, the high peak data rate of higher order modulation would come at the price of significantly more complex and costly implementation.
3. Deployment Scenarios
According to the link-level simulation results of LTE systems in [2], the highest MCS level with 64QAM is typically selected for link adaptation at the operating point of 10% BLER when the SINR achieves about 20dB.  In the simulations of [5], the required SINR of 256QAM at BLER=10% is around 25dB for AWGN channel.  In order to allow for transmitter implementation losses, an additional margin of SINR would be required: for example, if the SINR with 0% EVM is  30dB, an EVM of 4.7% could be supported while resulting in an SINR of 25dB after taking EVM into account.
In this section, we provide some preliminary geometry performance for small cells in different deployment scenarios.

3.1. Simulation assumptions
Table 1 Simulation assumption for geometry performance of small cells
	System parameters
	Network topology 
	4 small cells with fixed position

	
	Deployment
	Dense and Sparse

	
	Carrier Frequency
	2.0GHz

	
	Num. UEs total
	40 (10*4)

	Channel parameters
	Path Loss
	PL (dB) = 140.7 + 36.7*log10(d_km)

	
	Penetration Loss
	None

	
	Shadow fading std
	8 dB

	
	Shadow fading correlation
	0

	Small Cell Node
	Total logical Tx power
	30 dBm

	
	Small cell radius
	40m

	
	Antenna configuration
	2D directional antenna model:
11dBi gain.

	
	Bias
	0 dB

	UE
	UE Rx noise power
	-120 dBm

	
	UE antenna
	2D antenna model omnidirectional: 
0 dBi gain;

	UE placement
	10 UEs per small cell 


3.2. Geometry performance
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Fig.1
Sparse network topology of small cells and geometry
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Fig.2
Dense network topology of small cells and geometry

We can see that the inter-cell interference among small cells has severe impacts on the small cell spectral efficiency. 

From the simulation results in Fig. 1 and Fig. 2, it can be seen that in small cells there are only about 14% UEs with the received SINR above 30 dB, even in the sparse small cell deployment case on a dedicated small-cell carrier without macro interference. This relatively sparse deployment may be applicable for the isolated indoor hot spot scenarios.  In dense small cell deployment scenarios where inter-cell interference is present, the proportion of UEs with SINR in excess of 30dB falls to around 5%. 
Especially in the denser deployments of small cells, it is thus less likely that the UE could achieve the received SINR above 30 dB, unless the inter-cell interference could be mitigated efficiently.
Therefore evaluations of higher order modulation for small cells should take consider both sparse and dense deployments. In the case of dense deployments, ICIC schemes would need to be considered. 

4. Simulation Assumptions for improved Spectral Efficiency for Small Cells

In addition to the general simulation assumptions proposed in [8], the following specific simulation assumptions should be used for evaluation of higher order modulation in the downlink:

	Parameters
	Assumption

	MIMO configuration
	4x4 


	Transmission mode 
	TM10

	Overhead assumption
	Baseline:
PDCCH: 3 symbols

CRS  -  4 ports (4x4)

CSI-RS:  one  4-port NZP CSI-RS , one CSI-IM, two ZP CSI-RS
DMRS – 4 ports.


	UE speed
	0km/h, 3km/h, 15km/h, 30km/h

	Receiver
	MMSE-IRC

	Channel Estimation
	Non-Ideal

	Metric
	Channel tracking and estimation performance for RS reduction

Spectrum efficiency [bps/Hz] for overhead reduction


Table 2: DL link level simulation parameters for evaluation of 256 QAM and overhead reduction
For evaluation of overhead reduction in the uplink, the following assumptions should be used:

	Parameters
	Assumption

	MIMO configuration
	1x2 or 2x2 with low correlation
· refer to 36.101 B.2.3.2

	Overhead assumption
	Baseline:

DMRS;
SRS with 5ms period;

4PRBs for PUCCH

	UE speed
	0km/h, 3km/h, 15km/h, 30km/h

	Receiver
	MMSE-IRC

	Channel Estimation
	Non-Ideal

	Metric
	Spectrum efficiency [bps/Hz]


Table 3: UL link level simulation parameters for evaluation of overhead reduction
5. Conclusions

In this contribution, we discuss the feasibility of DL higher order modulation in small cells from the implementation complexity and deployment scenarios.  
Proposal 1: A realistic EVM level needs to be set for the performance evaluations, to balance transmitter cost against performance degradation. We propose to assume an EVM of 5%. 

Proposal 2: Both sparse and dense deployments of small cells should be considered. 

The feasibility of downlink higher-order modulation needs to be carefully studied further in terms of realistic system performance when the evaluation assumptions are fixed.  
Simulation assumptions are also proposed for further evaluation of higher order modulation in the downlink and overhead reduction in the uplink. 
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