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1 Introduction

It is agreed that the study for Small Cell Enhancements shall include higher-order modulation following the discussion in RAN# 61[1]:

· Spectrum efficiency with introduction of higher order modulation, i.e., 256QAM, in the downlink transmission 

In this contribution, we will provide the analysis and discussion for standard impacts to support 256QAM.

2 Standard impacts of 256QAM 
When 256QAM is used, the peak spectral efficiency could reach up to 8*0.93=7.44 bit/s/Hz. Regarding the maximum efficiency supported by current CQI table is 5.5547 while the maximum efficiency supported by MCS/TBS table is 6*0.93=5.58, it is necessary to introduce new CQI/MCS/TBS tables to support 256QAM. Furthermore, uplink/downlink control signaling related to CQI/MCS modification should also be considered.
2.1 CQI table design
CQI table is used to indicate downlink channel conditions. Current CQI table is produced by sampling the work region of QPSK, 16QAM and 64QAM, as shown in Figure 1. The sampling is based on equal SNR spacing principle, where SNR of the first sample is -7dB and 1.892dB incremental step, to cover the SNR region between -7dB and 19.488dB.
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Figure 1: Spectral efficiency when BLER is 0.1 vs SNR.
According to Figure 1, the switch point between 64QAM and 256QAM is about 19.2dB, and the SNR needed for 256QAM with 0.92 code rate with 0.1 BLER is 25dB, which means CQI indexes for 256QAM should cover SNR region between 19.2dB and 25dB. 
With non-full buffer traffic, a cell edge UE may also get benefit from 256QAM if the interfering cell is light-loaded or even turned off. This implies that experienced SINR of a UE may fluctuate in a large region in an interference limited scenario with respect of non-full buffer traffic. Figure 2 shows typical CQI distribution of all UEs and one certain UE using 256QAM in scenario 2b(sparse). Tx EVM is assumed as 4%, and Rx EVM is assumed as 2%. Resource utilization is about 30%. Other detailed simulation assumptions are same as [2]. CQI index 0-15 are the same as current CQI table, CQI index 16-18 are tentatively defined for 256QAM. From Figure 2, it is observed that SNR region of CQI index 0-6 (out of range, QPSK) also have considerable chance to be scheduled (~ 20%) for a certain UE though it benefits much from 256QAM. Therefore, CQI table for 256QAM should still reserve some indexes for low SNR region. 
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Figure 2: PDF of typical CQI distribution.
There are two potential methods to design the CQI table for 256QAM covering low to high SNR region:
Method 1: 5-bit CQI table for 256QAM

5-bit CQI table could have 32 items, where the first 16 items could be same as current 4-bit CQI table in Rel-11, sevreal new items for 256QAM are added behind to cover the work region of 256QAM, and the remaining items are reserved. 
Method 2: 4-bit CQI table for 256QAM

4-bit CQI table could have 16 items. Several new items for 256QAM should be incorporated, while the same number of existing indexes in current table should be dropped, while ensure some low-SINR items are still kept. An example of method 2 is shown in appendix.
Method 1 will change the payload size of UCI, and introduce additional impact on CSI reporting, while there is no such problems in method 2. 
Proposal 1:

· The CQI table supporting 256QAM should cover low to high SNR region.
· The size of new CQI table for 256QAM could be 4-bit or 5-bit

· It is FFS which one should be defined.
· The CQI table supporting 256QAM should reuse the items in current CQI table as many as possible.
2.2 MCS table design
Similar with the analysis of CQI table design, a new MCS table should also be designed for 256QAM. And the principle should align with the new CQI table design. 
Proposal 2:

· The MCS table supporting 256QAM should cover low to high SNR region.
· The size of MCS table supporting256QAM could be 5-bit or 6-bit

· It is FFS which one should be defined.
· The MCS table supporting 256QAM should reuse the items in current MCS table as many as possible.
2.3 TBS table design
A transport block size table with dimension 27×110 is specified in section 7.1.7.2.1 in [3]. If 256QAM is introduced, the TBS table should be enlarged for the support of 256QAM, which means that new TBS iterms cooresponding to 256QAM should be designed for each PRB number.

Proposal 3:

· Add new TBS items for 256QAM in current TBS table.
2.4 UL/DL control signaling design
As discussed in section 2.1 and section 2.2, a new size of CQI/MCS table could change the overhead of UL/DL control signaling. The tradeoff between performance and impact on UL/DL control signaling should be considered jointly.
Proposal 3:

· The impact on UL/DL control signaling should be considered when designing the new CQI/MCS table for the support of 256QAM.
· UL/DL control signaling should be modified if new UCI/DCI size is introduced.

3 Conclusions

In this contribution, standard impacts to support 256QAM are analyzed, and the proposals are summarized as follows. 
Proposals:

· The CQI/MCS table supporting 256QAM should cover low to high SNR region.
· The size of the CQI table supporting 256QAM could be 4-bit or 5-bit; the size of the MCS table supporting 256QAM could be 5-bit or 6-bit

· It is FFS which one should be defined. 
· The new CQI/MCS table should reuse the items in current CQI/MCS table as many as possible.
· Add new TBS items for 256QAM in current TBS table.
· The impact on UL/DL control signaling should be considered when designing the new CQI/MCS table for the support of 256QAM.
· UL/DL control signaling should be modified if new UCI/DCI size is introduced.
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Appendix

Table 1  4-bit CQI table for 256QAM
	CQI index
	modulation
	code rate x 1024
	efficiency

	0
	out of range

	1
	QPSK
	78
	0.1523

	2
	QPSK
	193
	0.3770

	3
	QPSK
	449
	0.8770

	4
	16QAM
	378
	1.4766

	5
	16QAM
	490
	1.9141

	6
	16QAM
	616
	2.4063

	7
	64QAM
	466
	2.7305

	8
	64QAM
	567
	3.3223

	9
	64QAM
	666
	3.9023

	10
	64QAM
	772
	4.5234

	11
	64QAM
	873
	5.1152

	12
	256QAM
	711
	5.5547

	13
	256QAM
	778
	6.0781

	14
	256QAM
	860
	6.7188

	15
	256QAM
	942
	7.3594








































































































