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1. Introduction
In RAN#58 meeting, a study item of RAN1 for small cell enhancement was approved in RP-122032. In the description of the study item, “Introduction of a higher order modulation scheme (e.g. 256 QAM) for the downlink” is regarded as an important topic of “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”for the small cell enhancement SI. 

In this contribution, we give some analysis about higher order modulation schemes for small cells.
2. Discussion
A M-QAM can modulate log2M bits on the M carrier states in the ideal state, such as the carrier states of 64QAM can modulate a 6bit signals, ie., the spectrum efficiency is log2Mbits/s/Hz for a M-QAM. The spectrum efficiencies of 64QAM,128QAM and 256QAM are 6,7 and8, respectively. 
The number of the points in the constellation diagram represents the QAM type, such as 64 points represents 64QAM modulation scheme. Each point represents one state. 64QAM has 64 states.64QAM specifys 64 combinations of amplitude and phase.Each symbol of 64QAM transmitts 6bits.The principle of 128QAM and 256QAM is similar to that of 64QAM.
Reliability of modulation schemes despends on the minimum distance of the neighbouring constellation points,the larger the minimum distance, the stronger the ability of resistance to noise and other interference under the same averaged signal power. When the amplitude of noise and intereference is smaller than the half of the minimum distance, error transmission block will not occur. When the amplitude of noise and intereference is larger than the half of the minimum distance, error transmission block will occur.
Although the higher order modulation can improve the spectrum efficiency, it has some shortcomings.The higher the modulation order, the higher the spectrum efficiency. But the increase of spectum efficiency is obtained in the cost of reliability. High modulation order requires high modulated SINR for suitable operation. With the increase of the modulation order and then the increased normalized SNR, the equipment complexity  and cost also need to be largely increased in order to reach the same BER performance. The requirement of higher order modulation  on the frequency offset is higher and the higher order modulation will increase the PAPR. 

[image: image1]
Fig 1: 64 QAM constellation diagram
We propose that performance of 256 QAM or 128QAM can be studied in the scenarios with very high SNR (maybe more than 20dB as study in other commercial communication system in similar deployment, i.e. WIFI), and the required specific minimum value of SNR needs to be simulated in the future study since the minimum distance of the neighbouring symbol points smaller, the requirement to SINR is higher. In the actual deployment scenario, we propose that performance of 256QAM or 128QAM need to be studied in the indoor scenario or the low speed scenario.
Using the same method described in the specification, we generated the consellation diagrams of 128QAM and 256QAM and presents the mapping table from bits to symbols in the annex. We propose that the consellation diagrams and the mapping table of 128QAM and 256 QAM in the appendix used as a reference for the modulation scheme design..
The selection of the modulation scheme should trand-off the spectrum effieciency,BER and complexity. The necessary simulation should be performed to decide which modulaiton scheme to be supported in addition to the theoretic analysis.The performance of 64QAM, 128QAM,256QAM should be compared under different simualtion conditions. So we propose that the link level simuation assumptions for the comparison should include the following conditions:
· Carrier frequency: 2.6GHz, 3.5GHz
· Band width: 1.4MHz
· Channel:  ETU 3kmh,ETU10kmh,ETU30kmh
· UE receiver: MMSE-IRC
· Speed: 3kmh, 10kmh, 30kmh
The higher order of modulation scheme requires the higher demodulated threshold.The performance of the higher order modulation in the good channel status is better than that of lower order modulation but the performance of higher order moculation in the bad channel status is worse than that of lower order modulation. So we propose that the following metrics are used to judge the performance of using different order modulation.
· system throughput
· edge user throughput
· SINR CDF
· BLER
3. Conclusion

In this contribution, we analyzed the discovring of small cell with UE in different status and the cell configurations. We have the following proposals:
Proposal 1: we propose that performance of 256 QAM or 128QAM can be studied in the scenarios with very high SNR and the required specific minimum value of SNR needs to be simulated in the future study.
Proposal 2: we propose that performance of 256QAM or 128QAM need to be studied in the indoor scenario or the low speed scenario.
Proposal 3: We propose that the consellation diagrams and the mapping table of 128QAM and 256 QAM in the appendix used as a reference for the modulation scheme design.
Proposal 4:  we propose that the simuation assumptions for the study of 128QAM and 256QAM should include the following simulation conditions:
· Carrier frequency: 2.6GHz, 3.5GHz
· Band width: 1.4MHz
· Channel:  ETU 3kmh,ETU10kmh,ETU30kmh
· UE receiver: MMSE-IRC
· Speed: 3kmh, 10kmh, 30kmh
Proposal 5: we propose that the following metrics should be used to evaluate the 128QAM and 256QAM:
· system throughput
· edge user throughput
· SINR CDF
· BLER
4. Appendix
4.1. 256QAM

[image: image2]
Fig2.256QAM constellation diagram
The method of generating 256QAM consellation diagram is accordant with that of generating other QAM in the 3GPP specification. It is generated by 64QAM consellation diagram nested with the accordant generation rules with that of 64QAM and 16QAM. The consellation points of outer ring and the inner ring are in the opposite order and the value is normalized with the averaged power 1.  
Assume that the bits 
[image: image3.wmf])

7

(

),

6

(

),

5

(

),

4

(

),

3

(

),

2

(

),

1

(

),

(

+

+

+

+

+

+

+

i

b

i

b

i

b

i

b

i

b

i

b

i

b

i

b

are mapped to symbol x=I+jQ, referring to the following table.
256QAM modulation mapping
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4.2. 128QAM
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Fig3.128QAM constellation diagram

The method of generating 128QAM consellation diagram is accordant with that of generating other QAM in the 3GPP specification. It is generated by 64QAM consellation diagram nested with the accordant generation rules with that of 64QAM and 16QAM. The consellation points of outer ring and the inner ring are in the opposite order and the value is normalized with the averaged power 1.  
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are mapped to symbol x=I+jQ, referring to the following table.
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