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1 Introduction
In TSG-RAN#58, a new study item for small cell enhancement was agreed [1]. One focus area of the study discussed in [1] is spectral efficiency enhancements such as higher-order modulation:
· 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.

This contribution discusses issues associated with introduction of higher-order modulation (HOM) such as 256-QAM and presents preliminary evaluation results based on assumptions agreed during RAN1 #72 and subsequent email discussions [2]-[3].
2 Feasibility of introducing HOM for small cells 
Supporting 256-QAM will increase the peak data rate of a UE in theory by 33% since modulation order increases from 6 to 8. Compared with existing modulation schemes specified in 3GPP TS 36.211 (Release 11), 256-QAM modulation requires higher SINR at the receiver to achieve the same error performance. For example, to achieve a similar BER performance as 64QAM, 256-QAM theoretically requires around a 6dB higher SNR. Evaluations should take into account both inter-cell interference and hardware related impairments that can impact the achievable SINR in different deployment scenarios. 
EVM Measurement and Requirements 

In practice, the received SINR is limited by the error vector magnitude (EVM) and the quantization noise introduced by the analog-to-digital converter (ADC) at the receiver. EVM can be used to measure the quality of the transmitted signal over one resource block (RB). According to the definition given in 3GPP TS 36.104, 
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can be viewed as a maximum possible SINR under the assumption that distortions introduced by wireless channels, noise and interference are negligible. Therefore, EVM is often used to determine feasibility for adopting high order modulation in practice. EVM is primarily determined by the RF impairments at the transmitter which include several factors listed below: 
· nonlinearity of power amplifier (PA), 
· phase noise, 
· I/Q imbalance; 
· filter distortion. 
The 3GPP TS 36.104 specification describes the EVM measurement method and the requirements for QPSK, 16-QAM, and 64-QAM [4]. For small cell evaluations on HOM, in RAN1 #72 a set of EVM values where selected, with EVM = 8% for macro cell transmissions, while EVM in case of the small cells is modeled as either 6% or 4%.
Performance evaluations

In this section we present initial evaluation results for several of the scenarios in [2] based on the simulation assumptions in [3] to obtain insights into the potential for the adoption of HOM as a spectral efficiency enhancement. 

2.1.1 Geometry curves

We first consider what insight into the potential achievable performance of HOM in the small cell scenarios can be obtained through analysis of the relevant geometry curves. Scenario #2b (sparse) is considered a promising deployment scenario where HOM may show gains due to the different carrier frequency for macro cells and small cells, as well as the significant isolation between small cell clusters. Figure 1 below shows the geometry CDF (in dB) for small cell UEs after cell association to either the macro or small cell layer.
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Figure 1. Geometry CDF for Scenario #2b sparse
From the curves, we see that up to 40% of the users connected to a small cell have geometry > 20 dB and 25% have at least 30 dB SINR. Thus, at least in the case of a sparse indoor deployment of small cells, even in the worst case interference scenario (fully loaded network), a large percentage of small cell users would have the opportunity to be scheduled with the highest supportable MCS.

2.1.2  Short-term SINR curves

Next, we consider the short-term (achievable) SINR of UEs based on system-level simulations. Instead of a fully-loaded network situation corresponding to the geometry analysis of the previous section, here we consider non-full buffer traffic. To simulate a low-load situation, FTP model 1 is used with a file size of .5MB and a traffic arrival rate which yields approximately an average network resource utilization of 15%. The EVM is taken into account, which affects the achievable SINR at a receiver and serves as an upper bound. For these evaluations the macro eNB has an EVM of 8%, while the small cells have either EVM = 6% or 4%. Figure 2 below provides the short-term SINR CDFs for Scenario #2b. 
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Figure 2. Short-term SINR CDF for Scenario #2b with small cell EVM = 25 dB (left) and 28 dB (right)
Compared to Figure 1, we note that the SINR gains for small cell users over macro users are greatly increased. This can be explained by both the reduced interference due to the low load, as well as the favorable propagation for the indoor users. With EVM = 6%, fully 30% of the UEs connected to the small cell layer have an average SINR > 20 dB. This increases to 35% with EVM = 4%. In both cases the achievable SINR is capped by the chosen value of the EVM.
These observations further support the conclusion that at least sparse indoor small cell deployments on a separate frequency carrier provide a promising environment for gains from the potential introduction of HOM such as 256-QAM. 
Observation
· Initial evaluations of sparse indoor small cell deployments on a separate carrier from the macro layer suggest a potentially significant number of UEs may experience very favorable geometry/SINR necessary for the support of 256-QAM.
2.1.3 User throughput gains
This section presents system level simulation results for Scenario #2b evaluating the potential throughput gains which may be achieved from the introduction of 256-QAM. The link-level curves for 256-QAM are based on the link-level simulation results in [5]. The evaluation assumptions are taken from [3] and FTP model 1 is used to generate user traffic with 30% and 10% RU for the small cells.
Figure 3 presents the user throughput gain after 256-QAM is introduced for sparse Scenario #2b with one building per macro cell geographic area and two small cells per building. 
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Figure 3. User throughput gains from 256-QAM for sparse Scenario #2b as a function of traffic load
We note that gains > 10% are observed for the median user throughput. Even cell-edge users benefit somewhat from the introduction of the higher order modulation, due to the improvement in the overall system spectral efficiency.

As expected, as the average resource utilization of the small cells increases, inter-cell interference causes the achievable gains to decrease across the board. However, due to the relatively high geometry in the sparse small cell deployment, the gains do not decay as rapidly as the increase in traffic load.
Figure 4 presents the user throughput gain for a denser Scenario #2b with 4 small cells per building. 
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Figure 4. User throughput gains from 256-QAM for dense Scenario #2b as a function of traffic load
Similar trends are observed as in Figure 3 with respect to the gains for different user throughput CDF percentiles, however the relative value of the gains compared to the baseline with no 256-QAM are slightly smaller for the same RU due to the increased interference. 
From the above results that it can be concluded that the introduction of 256-QAM provides significant user throughput benefits for both sparse and dense indoor small cell deployments. 

Observation
· Significant throughput gains can be achieved with the introduction of 256-QAM in indoor small cell deployments, at least for low and moderate traffic loads. 

3 Conclusion
This contribution has considered issues associated with the introduction of 256-QAM in small-cell deployments. Initial system-level simulation results were also provided to identify and characterize the SINR and traffic load regimes where potential benefits of higher order modulation can be best observed. From these evaluations we made the following initial observations:
Observation
· Initial evaluations of sparse indoor small cell deployments on a separate carrier from the macro layer suggest a potentially significant number of UEs may experience very favorable geometry/SINR necessary for the support of 256-QAM.

Observation
· Significant user throughput gains can be achieved with the introduction of 256-QAM in indoor small cell deployments, at least for low and moderate traffic loads. 
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