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1. Introduction

At the last RAN Plenary meeting #62 in Busan, Korea a new work item was approved for small cell enhancements in the physical layer. In order to increase spectral efficiency, the introduction of 256QAM in the downlink was approved with the constraint to keep the existing CQI feedback and MCS indication sizes. In this contribution, we present our views on some of the specification impacts stemming from the agreement to introduce 256QAM in Release 12. 
2. Modulation Mapping
In order to introduce 256QAM in Release 12, a new modulation mapping needs to be specified in Section 7.1 of TS 36.211, presumably in Section 7.1.5. For 256QAM, octuplets of bits [b​i bi+1 bi+2 bi+3 bi+4 bi+5 bi+6 bi+7] need to be mapped to complex-valued symbols x=I+jQ according to a pre-specified table. One such exemplary table is given in Table I below. It features independent mapping of I and Q resulting in a squared constellation with Gray coded entries. While non-squared constellations have been reported in the literature, squared constellations are preferable due to their simplicity. In fact, any 256QAM mapping introduced in Release 12 should follow existing design principles from prior releases. 
Proposal 1: Any 256QAM mapping introduced in Release 12 should follow existing design principles from prior releases. In particular, Gray coded squared constellations are preferable due to their simplicity. One such example is to map I and Q independently as shown in Table I.
	Table I: modulation mapping for 256QAM

	
	
	
	
	

	bi bi+2 bi+4 bi+6
	I
	
	bi+1 bi+3 bi+5 bi+7
	Q

	1111
	-15 / (170
	
	1111
	-15 / (170

	1110
	-13 / (170
	
	1110
	-13 / (170

	1100
	-11 / (170
	
	1100
	-11 / (170

	1101
	-9 / (170
	
	1101
	-9 / (170

	1001
	-7 / (170
	
	1001
	-7 / (170

	1000
	-5 / (170
	
	1000
	-5 / (170

	1010
	-3 / (170
	
	1010
	-3 / (170

	1011
	-1 / (170
	
	1011
	-1 / (170

	0011
	1 / (170
	
	0011
	1 / (170

	0010
	3 / (170
	
	0010
	3 / (170

	0000
	5 / (170
	
	0000
	5 / (170

	0001
	7 / (170
	
	0001
	7 / (170

	0101
	9 / (170
	
	0101
	9 / (170

	0100
	11 / (170
	
	0100
	11 / (170

	0110
	13 / (170
	
	0110
	13 / (170

	0111
	15 / (170
	
	0111
	15 / (170


3. MCS/CQI Table Design 
As stated in the work item description, new or modified MCS and CQI tables are required in order to schedule transmissions using 256QAM. There are at least four different options how this could be accomplished. Completely new tables of the same size, modified tables of the same size, completely new tables of larger size, and tables of larger size that contain the existing tables. 
If existing MCS and CQI table sizes were to be increased in order to support 256QAM, a significant number of entries could potentially end up being reserved or, alternatively, the sampling of the SNR range could be unnecessarily dense. Both options would lead to inefficient utilization of uplink and downlink resources because increasing the table sizes would also increase DCI and UCI payload sizes. New DCI and UCI payload sizes would result in a tremendous specification impact and should thus be avoided. Hence, it was agreed to not alter existing MCS and CQI table sizes to minimize specification impact and possibly performance degradations. 
With the constraint to keep the existing CQI feedback and MCS indication sizes, introducing 256QAM requires mechanisms to configure a UE with which table to use for a given RRC configuration. In addition, since the new modulation order will have to be accommodated with the same number of DCI bits, introducing 256QAM inevitably affects the current equidistant SNR sampling. Two alternatives can be envisioned to either alter or maintain an equidistant SNR sampling for 256QAM. To maintain an equidistant SNR sampling, the resolution must be decreased. This would allow the eNodeB to make use of the entire SNR range without frequent RRC reconfigurations. Due to the coarser quantization, though, the performance of adaptive modulation and coding would be compromised. Thus, it is beneficial to allow for sufficient flexibility for adaptive modulation and coding at high SNR at the expense of ‘SNR gaps’ at low to moderate SNR. The improved resolution at high SNR, however, must be traded off with robustness at low SNR such that sudden harsh interference conditions do not result in radio link failures and the eNodeB still has sufficient opportunity to schedule UEs with low code rates even when 256QAM is configured.
From a specification point of view, equidistant SNR sampling corresponds to completely new tables whereas ‘SNR gaps’ would allow keeping some of the existing table entries while replacing others with new ones to support transmissions using 256QAM. Our preference is not to decrease the SNR sampling resolution but to shift it to higher SNR while maintaining existing entries for robustness at low to moderate SNR. 
Proposal 2: To support transmissions using 256QAM, maintain existing table entries for robustness at low to moderate SNR. Introduce new entries at high SNR with the same SNR sampling resolution to accommodate 256QAM transmissions.
4. Conclusion

In this contribution, we presented our views on some of the specification impacts stemming from the agreement to introduce 256QAM in Release 12. Our specific proposals are:
Proposal 1: Any 256QAM mapping introduced in Release 12 should follow existing design principles from prior releases. In particular, Gray coded squared constellations are preferable due to their simplicity. One such example is to map I and Q independently as shown in Table I.
Proposal 2: To support transmissions using 256QAM, maintain existing table entries for robustness at low to moderate SNR. Introduce new entries at high SNR with the same SNR sampling resolution to accommodate 256QAM transmissions.
