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1 Introduction 
Introduction of a higher order modulation scheme (e.g. 256 QAM) is being studied as a potential enhancement to improve the spectrum efficiency in small cells. A large amount of evaluations on 256QAM have been performed in both RAN 1 and RAN 4 and results were captured in [1]. At RAN1 #74bis, companies were recommended to investigate specification impacts and continue evaluations considering the impact of power back-off and relaxed clipping until RAN1 #75.  
In this contribution, we provide our analysis on the standardization impacts of introducing 256QAM and further evaluate the performance gains based on system-level simulations. 
2 Standardization impacts
To support 256QAM in small cell scenarios, new values would need to be defined for the MCS/CQI/TBS tables to cover the operating SINR region of 256QAM. The updates to the MCS/CQI/TBS tables could be implemented in the following two alternative ways:

· Alt-1: The MCS/CQI/TBS tables are kept the same size as the existing tables by semi-static reconfiguration to replace some entries with 256QAM ones.
· Alt-2: The MCS/CQI/TBS tables are extended by adding new entries on top of the existing ones.
The most prominent benefit of the first alternative is that the number of bits needed to carry the indications in the DCI/UCI is not increased, so the specification impact would be relatively small. Which values would be redefined would need further study so as not to degrade the system performance, as the removed values may decrease the resolution for the lower SINR region. According to the RAN 4 LS [2], the ability to provide good receiver implementation is not always available for 256QAM capable UEs, depending on e.g., operating band frequency. Therefore it is required for this alternative to explicitly configure by RRC signalling which table, the original or the modified one, is applied for the 256QAM capable UEs.
In contrast to the first alternative, the larger table size in Alt-2 would require a larger DCI/UCI payload size. As a result, the existing PDCCH/EPDCCH/PUCCH designs (e.g., UCI multiplexing and transmission, DCI decoding, and PDCCH/EPDCCH aggregation level) would need to be revisited. A large specification impact is therefore expected. 
In light of the comparison above, we prefer not to change the existing MCS/CQI/TBS table sizes.
Proposal 1: If 256QAM were to be adopted, the sizes of the MCS/CQI/TBS tables should be kept unchanged with the meaning of some values being semi-statically reinterpreted for 256QAM. Which values might be reinterpreted would need further study.
3 Simulations
In our previous contribution at the last meeting [3], link-level simulation results were provided by modeling the Tx EVM and Rx EVM as equivalent AWGN components. The results showed that the performance of 256 QAM is very sensitive to EVM, and SINR values less than 30dB yield almost no link-level performance gain compared to the existing modulation schemes even when assuming perfect transmitter and receiver. 
In this paper, we provide geometry performance for small cells taking power back-off into account. Then the system performance gain brought by introduction of 256QAM could be evaluated based on the link-level to system-level SINR mapping. Small cell enhancement scenarios 1 and 2a as defined in [1] are simulated and the simulation assumptions are aligned with TR36.872. The detailed simulation assumptions for the small cells are listed in the Annex.
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Figure 1. Geometry for small cell UEs in SCE scenario 1
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Figure 2. Geometry for small cell UEs in SCE scenario 2a
From the curves in Fig. 1, it can be seen that the SINR performance of the small cell UEs becomes worse when power back-off is applied for the small cell eNBs in the co-channel scenario (i.e., SCE scenario 1) where macro interference has a big impact on the SINR. Within the coverage of small cells there are few UEs with the received SINR above 30 dB in the co-channel scenario. Even in the non-co-channel scenario (i.e., SCE scenario 2a) where interference from the macro cell is absent, as shown by Fig. 2, the proportion of UEs with received SINR higher than 30dB is still not more than 2%. In this sense, it is observed that the introduction of 256QAM for the small cells cannot bring significant gains for the system performance.
Observation: The proportion of UEs under small cell coverage that can enjoy the benefit of 256QAM is very low (less than 2% with 4dB power back-off) so the enhancement to the system performance by 256QAM is minimal.  
4 Conclusions

This contribution has analyzed the specification impacts that would be brought if 256QAM were to be introduced, leading to the following proposal:
Proposal 1: If 256QAM were to be adopted, the sizes of the MCS/CQI/TBS tables should be kept unchanged with the meaning of some values being semi-statically reinterpreted for 256QAM. Which values might be reinterpreted would need further study.
Additionally, simulations on the SINR distribution of the small cell UEs have been carried out taking power backoff into account, and the following observation is made:

Observation: The proportion of UEs under small cell coverage that can enjoy the benefit of 256QAM is very low (less than 2% with 4dB power back-off) so the enhancement to the system performance by 256QAM is minimal.
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Annex

Table 1 Simulation assumptions for geometry analysis of small cells

	System parameters
	Network topology 
	1 cluster per sector, 4 small cells per cluster with fixed positions

	
	Deployment
	SCE scenarios 1 and 2a

	Small Cell Node
	Number of Carriers 
	1 

	
	Total Tx power
	30 dBm

	
	Antenna configuration
	2D omnidirectional 

	
	Bias
	0 dB

	UE
	Dropping
	2/3 UEs randomly and uniformly dropped within the clusters, 1/3 UEs randomly and uniformly dropped throughout the macro geographical area. 20% UEs are outdoor and 80% UEs are indoor.


