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1 Introduction
In RAN#61, it was agreed that RAN1 should study further the following topic [1]:
· Spectrum efficiency with introduction of higher order modulation, i.e., 256QAM, in the downlink transmission

In the LS from RAN4 [2], the following is provided for further evaluation on higher order modulation：
· For Tx EVM, 

· Transmitter EVM for 256QAM can be modelled as an AWGN component. 
· Based on RAN4 discussion, low power BS such as 20dBm and 24dBm may achieve a better EVM such as 3~4% with power back-off and/or relaxed clipping at the cost of decreased coverage, increased price and size. But RAN4 has not yet evaluated guaranteed minimum performance of Tx EVM. 

· For Rx EVM, 

· Applicable Rx impairments can be modelled by an equivalent AWGN component at the receiver. 

· UE's may achieve Rx EVM in the range of 1.5~4% as typical performance depending on operating band frequency and implementation. But RAN4 has not yet evaluated guaranteed minimum performance of Rx EVM. 
In this document, we show our further evaluation results for higher order modulation. 

2 Discussion
In small cell deployment, higher order modulation is considered to further improve the spectral efficiency. The gain achievable by 256QAM is determined by practical EVM values, because it impacts the achievable SINR even when the UE is in very good channel condition. The practically achievable EVM values were discussed in RAN4 and it was concluded that low power BS may achieve a better Tx EVM such as 3~4% and UEs may achieve Rx EVM in the range of 1.5~4% as typical performance. In this section, we provide our link-level simulation results for 256QAM with both Tx and Rx EVM equal to 1.5%, 2%, 2.5%, 3% respectively, which are modeled as additional AWGN component.
The simulation assumptions are based on the agreements in [3], except that AMC and rank adaption are OFF and fixed rank 2 is assumed. The highest MCS level (64QAM with coding rate of 0.9258) supported by the current specification is referenced and 256QAM with four different coding rates are shown. For the simulation of 256QAM, two precoding schemes are considered. One scheme is based on the wideband PMI reported by the UE, and the other is SVD based on channel reciprocity. Figures 1-4 show the SE-SNR curves of the wideband PMI based precoding at different EVM values, while Figures 5-8 shows the SE-SNR curves of the SVD based precoding at different EVM values.
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Figure 1: SE with TXEVM = RXEVM =1.5%          Figure 2: SE with TXEVM = RXEVM =2%
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Figure 3: SE with TXEVM = RXEVM =2.5%          
Figure 4: SE with TXEVM = RXEVM =3%
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Figure 5: SE with TXEVM = RXEVM =1.5%          
Figure 6: SE with TXEVM = RXEVM =2%
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Figure 7: SE with TXEVM = RXEVM =2.5%          
Figure 8: SE with TXEVM = RXEVM ==3%
From the evaluation results, the following are observed:
· In high SNR region, 256 QAM can provide larger spectral efficiency than the highest MCS in the current specification.
· With both TX and Rx EVM equal to 1.5%, 2%, 2.5%, 3%, 256QAM at high SNR region can provide approximately 18%, 15%, 12%, 8% spectral efficiency gain respectively over the highest MCS in the current specification. 
· For both wideband PMI based precoding and channel reciprocity based precoding, only a few (e.g. up to 3) new MCS levels are sufficient for 256QAM.
Furthermore, the maximum number of transmission layers supported for 256QAM (e.g. whether up to four or eight spatial layers shall be supported with 256QAM) should be further evaluated. Another issue to be discussed is whether UE-specific RS based transmission scheme or CRS based transmission scheme or both should be supported for 256QAM.
3 Conclusions

This contribution presents some evaluation results for 256QAM. It is observed that 256QAM can improve the spectral efficiency in small cell deployments. Hence, it is proposed that 256QAM should be supported for small cell enhancement, by introducing a few (e.g. up to 3) new MCS levels for 256QAM. Furthermore, the maximum number of transmission layers supported for 256QAM and whether both UE-specific RS based transmission scheme and CRS based transmission scheme should be supported for 256QAM deserve more evaluations.
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