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1
Introduction
This contribution provides a Reply LS on Higher Order Modulation Evaluation Assumptions for discussion. The LS was sent from RAN1 to RAN4 [1].
2
Discussion
Followings are the requests from RAN1 and our views.

· Practically achievable EVM values to assume for DL higher order modulation (for each of the small cell eNB Tx powers in TR 36.814 i.e. 20dBm, 24dBm, 30dBm, 37dBm) 
Intel‘s view: n/a
· The UE receiver impairments (with suitable quantitative values if possible) that should be assumed to be applicable to signal reception in high geometries that are likely to be relevant for DL higher order modulation, and appropriate techniques or methodologies for modeling such impairments
Intel‘s view: Compared to 64QAM, DL higher order modulation (e.g. 256QAM) has significant impact on the UE receiver since the RX EVM/SNR performance has to be much better than for 64QAM. RX EVM/SNR would have to be improved by about 6dB to achieve the higher throughput. In a good receiver design all contributors to RX EVM/SNR contribute approximately the same amount of imperfection, so that the total imperfections fulfill the requirement at the lowest cost, chip area and power consumption. Therefore requiring 6dB more RX SNR/EVM will result in tightening the specification of almost all RX blocks. For RAN1 simulations of the throughput improvement due to 256QAM the following RX imperfections need to be taken into account:

· RX local oscillator phase noise: this becomes more difficult at higher frequency bands
· RX dynamic range: this includes LNA and mixer performance, ADC dynamic range, dynamic range of interfaces (analog or digital), number of bits required in digital signal processing
· I/Q imbalance: in 3GPP usually 25dB I/Q imbalance is assumed limiting the RX EVM/SNR to less than 25dB
· Carrier leakage (DC offset/suppression)
· Carrier frequency offset
· Appropriate channel model
· Any other information that would help RAN1 in its evaluation of higher order modulation for DL operation in small cells 
Intel‘s view: introducing 256QAM requires significantly higher performance of many blocks in the receiver. In analog circuits an improvement of 6dB requires in most cases significantly higher power consumption, for example to improve the phase noise of an oscillator by 6dB usually requires 6dB (4 times) more current. Since many blocks need to be improved, the total current consumption will increase rapidly. In many cases also the chip area will increase rapidly, for example in active filters a dynamic range increase of 6dB can result in 4 times the chip area. Also in the digital signal processing, for example in the advanced MIMO decoder like MLD, the effort and with that the chip area and the power consumption will increase much faster than the throughput increases when the number of layers is more than 1. While this might be acceptable in devices supplied from a mains supply receiving LTE at the rooftop for distribution in houses, it is for sure not recommended to introduce 256QAM for mobiles like smartphones or tablets.
Additionally interference needs to be taken into account, since in dense environments the interference from other cells will also limit the RX SNR/EVM, regardless of the performance of the receiver itself.
2
Proposal

We propose to capture our views above in the Reply LS to RAN1.
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