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1. Introduction

In RP #58 meeting the study of physical-layer enhancements for small cell scenarios is approved. Since the channel quality of indoor environment and hotspot can be much better than the traditional coverage situations, thanks to the small cell deployment, it is proposed in [1] to study potential enhancements to improve the spectrum efficiency, i.e. achievable user throughput in these scenarios with typical terminal configurations, 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. 

In this contribution we focus on the new higher order modulation scheme as the enhancement solution. The initial evaluation results are provided and it is observed that specifying 256QAM in small cell scenario can further exploit the channel capacity in special scenarios. Based on the observations, we give our proposals on the detailed simulation assumptions for this study.  

2. Benefit of 256QAM in small cell scenario
In LTE Rel. 8, QPSK, 16QAM and 64QAM has been specified for data transmission. eNodeB can transmit data to UEs in good channel conditions (SINR ≈ 20dB) with the most efficient MCSs, in which 64QAM is utilized and 6 bits is carried in each RE. Considering new indoor or hotspot small cells deployed, the geometry of certian UEs can be even better and 256 QAM can be employed to further exploit the channel capacity of these UEs. Since 8 bits can be carried in each modulated symbol, these UEs can expect at most 33% throughput gain.

New MCSs have to be defined when 256 QAM is employed. Table 1 gives an example of newly defined CQIs and corresponding spectral efficiency. Fig. 1 provides the corresponding BLER and throughput result.  
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         Figure 1(a). BLER of new CQIs                      Figure 1(b). Throughput of new CQIs

Table 1. New CQI Table with 256QAM

	CQI index
	modulation
	code rate x 1024
	efficiency

	Original CQIs

	9
	16QAM
	616
	2.4063

	10
	64QAM
	466
	2.7305

	11
	64QAM
	567
	3.3223

	12
	64QAM
	666
	3.9023

	13
	64QAM
	772
	4.5234

	14
	64QAM
	873
	5.1152

	15
	64QAM
	948
	5.5547

	Newly Defined CQIs

	16
	256QAM
	757
	5.9141

	17
	256QAM
	819
	6.3984

	18
	256QAM
	876
	6.8438

	19
	256QAM
	915
	7.1484

	20
	256QAM
	947
	7.3984


For the BLER generation, a transmission on 6RBs (1.4MHz bandwidth) through AWGN channel is assumed.  RSs overhead is considered and PSS/SSS overhead is modeled on sub-frame 1 and 6. PDCCH overhead is not taken into account. The 5 CQIs are selected that so that approximate 1dB to 1.5dB distance between adjacent CQIs can be kept. 

Based on these CQIs and corresponding BLER curves, the initial system level evaluation results is also provided based on ITU indoor scenario. The detailed simulation assumptions are listed in appendix. According to the results shown in table 2, for both uniform and clustered UE distribution, 256QAM can achieve more than 7% cell average gain. It is also expected that the cell edge UE performance is not impacted by the high efficient modulation scheme, since their SINR values are generally not high enough.
Table 2. System level results (cell average throughput and cell-edge UE average throughput)
	
	Cell average throughput
	Cell-edge UE average throughput

	
	With 256QAM
	Without 256QAM
	Gain
	With 256QAM
	Without 256QAM
	Gain

	Clustered UE

Distribution
	3.3060 

(bps/Hz)
	3.0622 (bps/Hz)
	7.96%
	0.0443 (bps/Hz)
	0.0447 (bps/Hz)
	-0.92%

	Uniform UE

distribution
	2.8102 

(bps/Hz)
	2.6181 (bps/Hz)
	7.34%
	0.0202 (bps/Hz)
	0.0215 (bps/Hz)
	-0.62%


3. Evaluation assumptions proposal
According to fig. 1, it is observed that 256QAM is effective only when the SINR is higher than 20dB. Genrally it is difficult to fulfill this condition in the macro covered area. Regarding small cell study, there can be many scenarios classified as with/without macro coverage, or indoor/outdoor. In CoMP SI, we’ve calibrated the geometry result of heterogeneous scenario with both uniform and clustered UE distribution. According to the result [2], the ratio of UEs whose downlink wideband SINR values are higher than 20dB is lower than 10%. This implies that the spectral efficiency gain brought by 256QAM may not be obvious if the small cells is deployed outdoor as HetNet. On the other hand, fig. 2 shows the geometry of the simulated indoor small cells scenario, from which it is observed that considerable number of UEs can exploit the spectral efficiency gain brought by the higher order modulatoin. It should be mentioned that with other conditions modified, for example, when macro cell and small cells work on different bands, 256QAM may be effective for both outdoor and indoor cases. We however suggest to give indoor environment higher priority since in these scenarios the effect of 256QAM can be more stable.

Proposal 1: All the scenarios defined for small cell study should be considered for higher order modulation study. Indoor scenarios should be given higher priority compared with outdoor scenarios.
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Figure 2. Geometry of simulated scenario in the system level simulator

As shown in table 2, cell-edge UEs can not benefit from newly introduced 256QAM MCSs. However, in Rel. 11 TM 10 has been specified to support CoMP. The gain of CoMP operation comes from improved cell edge channel quality. With DPB or JT scheme employed, the channel quality of these cell-edge UEs may be so high that 256QAM based MCSs can be utilized to improve these UEs transmission efficiency. However, we think during this SI, our main target is to clarify whether and how we can improve the network capacity resulted by the small cells and channel quality improvement of certain UEs which are really close to the new cells. Evaluation of 256QAM for cell-edge UEs therefore should be left to the possible enhanced CoMP WI, whose target is to further improve CoMP performance, i.e., SINR of the cell-edge UEs. To reduce the simulation workload and complexity, we suggest to prioritize the UE capability in 256QAM evaluation as 1 CSI process so that features in TM 10 can be utlizied but CoMP is limited.

Proposal 2: The evaluation shall use TM10 with single CSI process, QCL behavior A and single cell operation. 

As stated in section 2, the new MCSs and CQIs are key factors to the system gain. For the system level simulation, companies should provide the details of MCS and CQI design. 

Proposal 3: The MCSs and CQIs details should be provided for the system level simulation.

4. Conclusion
In this contribution, we provide our initial simulatio results of 256QAM. It is proved that the in small cell scenario, the higher-order modulation can effectively improve the network capacity, mainly for the high-SINR region UEs. Based on the ovservation, we propose:

Proposal 1: All the scenarios defined for small cell study should be considered for higher order modulation study. Indoor scenarios should be given higher priority compared with outdoor scenarios.

Proposal 2: The evaluation shall use TM10 with single CSI process, QCL behavior A and single cell operation. 

Proposal 3: The MCSs and CQIs details should be provided for the system level simulation.
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Appendix

Table 3. System level simulation assumptions

	Parameter
	Values used for evaluation

	Deployment scenarios
	Heterogeneous network with small cells served by indoor low power nodes within the macro cell coverage.

	Simulation case
	ITU UMa for Macro, ITU InH for small cell.

· General parameters

· UE speed : 3km/h

· Carrier Frequency : 2GHz

· 80% UE dropped indoors
· outdoor to indoor & indoor to outdoor penetration loss: considered

· UE noise figure: 9dB
· Minimum Distance: Reused from CoMP scenario 3&4

	Number of low power node per macro-cell
	N = 4/sector

	High power RRH Tx power (Ptotal)
	46dBm in a 10MHz carrier

	Low power node TX power (Ptotal)
	21dBm

	UE distribution
	Configuration 1 & 4b. 

	System bandwidth
	10 MHz

	Possible transmission schemes in DL
	SU-MIMO without CoMP

	Number of antennas at transmission point
	Macro: 2

Low power node: 2

	Number of antennas at UE
	2

	Antenna configuration
	Uniform Linear Arrays (0.5 lambda space)

	eNB Antenna tilt
	Macro: 12 degree

For low-power node: 0

	Antenna gain + connector loss
	For macro eNB: 17 dBi
For small BS: 0 dBi

	Feedback scheme 
	PUSCH mode 3-1, 5 ms period. New CQIs introduced to support 256QAM. See details in table 1.

	Channel estimation
	Non-ideal

	UE receiver
	MMSE option 1

	Traffic model
	Full buffer 

	Link adaptation
	New MCSs for DL scheduling are defined, using the exact same coding rate with the 256QAM CQIs




