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1 Introduction
According to the agreement in the last RAN#61 meeting [1], RAN1 should study following topics: 
· Spectrum efficiency with introduction of higher order modulation, i.e., 256QAM, in the downlink transmission

· Efficient operation with introduction of features needed to support semi-static small cell on/off [further clarification is needed in RAN1 referring to 7.1.1.1 in TR 36.872 v12.0.0, RP-131321] mechanisms for interference avoidance and coordination among small cells adapting to varying traffic, including mechanisms to wake up off cells and the necessary measurement and procedure for efficient cell association under small cell on/off., with , focusing on connected mode enhancement 

· Enhanced mechanisms, procedures and measurements to assist adaptation with reduced transition time scales. 
· Efficient small cell discovery procedures with supporting small cell on/off in single-carrier or multi-carrier operation within a short time period, by enhancing the transmission and/or reception of existing SS/RS, including that of PSS/SSS/CRS, CSI-RS, and PRS
· Note: a small cell can also refer to a component carrier when more than one component carrier is available.

· Further assess the radio interface based inter-cell synchronization, focusing on network listening, to achieve synchronization between a small cell and the overlaid macro cell, synchronization between small cells in the same cluster and synchronization between small cell clusters. 
In last RAN1#74bis meeting, there was conclusion regarding the higher order modulation as follows [2]:


Companies are recommended to investigate specification impact until RAN1 #75 meeting 

In this contribution, we discuss specification impact on CQI by 256QAM support in downlink.
2 CQI table
The current CQI table supports QPSK, 16QAM, and 64QAM with totally 16 entries. The operating SNR range for current CQI table is -7 dB to 19.488 dB with step size of 1.892 dB. The decision on whether the current table size is sufficient to capture QPSK, 16QAM, 64QAM and 256QAM requires some considerations and investigation. 
First, we should determine the operating SNR range of 256QAM to design CQI table to support 256QAM. Within operating SNR range, we run the simulation to find switching point between 64QAM and 256QAM. We evaluate the performance of 64QAM and 256QAM having the same spectral efficiency. We performed the simulation to obtain the required SNR values for achieving 10 % FER. In Table 1, they are shown for different MCS levels having the same spectral efficiency. In addition, the maximum SNR value assuming 256QAM with coding rate of 0.927 is also found by the simulation. We assume 5 RBs for PDSCH transmission, 1x1 antenna configuration, max-log-MAP turbo decoding, and AWGN channel.
Table 1 Required SNR for achieving 10 % FER for different MCS levels having the same spectral efficiency
	Spectral efficiency
	Modulation
	Coding rate
	Required SNR (dB)

	3.656
	64QAM
	0.610

	13.3 

	
	256QAM
	0.457

	14.4

	3.864
	64QAM
	0.643

	13.9 

	
	256QAM
	0.483

	14.9

	4.264
	64QAM
	0.711

	15.2

	
	256QAM
	0.533

	16.4

	4.776
	64QAM
	0.796
	16.6

	
	256QAM
	0.597

	17.8

	5.184
	64QAM
	0.863
	17.9

	
	256QAM
	0.648

	18.8

	5.488
	64QAM
	0.914
	19.2

	
	256QAM
	0.686

	19.8

	7.416
	256QAM
	 0.927
	25.5


Based on results in Table 1, the switching point between 64QAM and 256QAM may be in the region of higher CQI index. Assuming the maximum MCS level is 256QAM with coding rate of 0.927, the SNR value for 10 % FER is about 25.5 dB. Therefore, the operating SNR for 256QAM may be up to about 25.5 dB. If we apply the same SNR spacing between consecutive CQI indices, additional 3 or 4 CQI levels could be required to support up to 25.5 dB.
Observation 1: Current CQI table does not fully cover the operating SNR range of 256QAM.
Based on the operating SNR range of 256QAM, the SNR range of current CQI table is not enough to support 256QAM. Therefore, CQI table should be modified to support 256QAM. When considering CQI table update, it is our assumption that a UE can be configured to use 256QAM so that it can determine which CQI table to use for its measurement. 
There may be two options to design CQI table to support 256QAM:
· Option 1: CQI table with 4-bit CQI index
· Option 2: CQI table with 5-bit CQI index
2.1
Option 1: CQI table with 4-bit CQI index

In this option, a new CQI table to support 256QAM can maintain the same size as the current CQI table. Two potential approaches can be considered. First, some CQI indices may be replaced with those of 256QAM as one possibility. For example, some entries may be replaced by 256QAM entries. This approach would impact the performance and the performance impact will be varying depending on the legacy entries replaced by new entries.  Secondly, we may re-design the CQI table with a larger SNR spacing between consecutive CQI indices. For example, given the operating SNR range of -7 dB to 25.5 dB, we can support 256QAM with 2.32 dB SNR spacing. However, sparse quantization level may result in performance degradation due to larger quantization error of CQI representation. 

The benefit of this approach is that we can re-use the all current CQI reporting procedures on PUCCH and PUSCH without any impact as CQI index can be maintained as 4 bits.
2.2
Option 2: CQI table with 5-bit CQI index
In this option, new entries can be added by increasing table size to 32 entries with 5 bits CQI index for 256QAM. Since we can cover full operating SNR range including that of 256QAM, there may be no performance degradation as in option 1. However, there may be a concern that some reporting types in PUCCH reporting modes may not be supported with this option because the maximum number of bits on PUCCH in one reporting instance would be 11 bits. According to current specification [3], the number of basis vectors for UCI coding on PUCCH is defined to be 13. This means that we can transmit up to13 bits of CQI payload on PUCCH theoretically in case of normal CP.  With this option, there may be restriction on configuration of simultaneous transmission of HARQ-ACK and CQI in case of extended CP.
Proposal 1: The size of new CQI table for 256QAM should be investigated between 4 bits and 5 bits.
3 CQI reporting

In previous section, we already discussed that two different CQI tables are required to support 256QAM: one is legacy CQI table, and the other is a modified CQI table including 256QAM. Then, there may be two possibilities on CQI reporting for an UE with 256QAM capability. 

One possibility would be that UE can perform CQI reporting using a CQI table supporting 256QAM after 256QAM is configured to the UE for downlink transmission. 

The other possibility would be that UE may select which CQI table to be used for CQI reporting. For example, while UE may use CQI table supporting 256QAM when channel condition would be good enough to use 256QAM, otherwise, UE may use legacy CQI table. However, additional signalling to eNB may be required which CQI table is being used for CQI reporting.

Proposal 2: Detailed CQI reporting scheme with a new CQI table for 256QAM should be investigated further.
4 Conclusions

In this contribution, we discussed the specification impact on CQI for 256QAM support in downlink. Since the operating range of 256QAM exceeds that of current CQI table, the current CQI table should be modified to support 256QAM.
Observation 1: Current CQI table does not fully cover the operating SNR range of 256QAM.

We discussed design options for the CQI table and reporting scheme for 256QAM and propose further investigation those options.
Proposal 1: The size of new CQI table for 256QAM should be investigated between 4 bits and 5 bits.
Proposal 2: Detailed CQI reporting scheme with a new CQI table for 256QAM should be investigated further.
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