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In last RAN #62 meeting, small cell enhancements-physical layer aspects was approved as a work item [1]. The work item is to specify the mechanisms for small cell enhancements in physical layer, to improve the spectrum efficiency for the UEs experiencing high geometry or low frequency-selective and time-selective fading channel, and to ensure the efficient operation of networks with small cell layers composed of small cell clusters. For spectrum efficiency enhancement, higher order modulation (e.g, 256QAM) in the downlink transmission will be introduced with keeping existing size of CQI feedback field and MCS indication.
In this contribution, we discuss CQI/MCS/TBS design to support 256QAM in the downlink transmission. 

CQI table design
The current CQI table supports QPSK, 16QAM, and 64QAM with totally 16 entries. The operating SNR range for the current CQI table is -7 dB to 19.488 dB with step size around 1.892 dB. At first, it is required to determine the operating SNR range for 256QAM. We find the maximum SNR value using 256QAM to achieve 10 % FER by evaluation. We assume 3 OFDM symbols for downlink control signalling, 1 CRS antenna port, and 4 RB assignments for PDSCH transmission. Then, it results in coding rate of 0.921 considering existing TBSs under the maximum coding rate restriction of 0.93. According to our evaluation result, the SNR value to achieve 10 % FER is about 25.2 dB. Hence, the operating SNR range of a new CQI table to accommodate 256QAM should be extended to 25.2 dB.
Observation 1: The operating SNR value should be extended to higher value (e.g, 25.2 dB).
[bookmark: _GoBack]Secondly, it is also required to determine the transition point between 64QAM and 256QAM. We evaluate the AWGN performance of 256QAM with spectral efficiency close to 5.5547, which is the spectral efficiency of the last CQI index of current CQI table, CQI 15. As shown in Figure 1, the transition point between 64QAM and 256QAM may be higher than 19.488 dB, which means that the transition point may be above CQI 15 of the current CQI table.
Observation 2: The transition point between 64QAM and 256QAM may be above the last CQI index of the current CQI table.
Thirdly, we should determine how many CQI indices are required to support 256QAM. From above observations of operating SNR range and transition point, additional 3 CQI indices for 256QAM support may be needed assuming the same SNR spacing as one in the legacy table.
Observation 3: Assuming the same SNR spacing, additional 3 CQI indices may be needed for 256QAM support.
[image: ]
Figure 1. AWGN performance of 256QAM with spectral efficiency close to 5.5547

According to observations, 19 entries (16 legacy entries and 3 additional entries for 256QAM) may be required to support 256QAM in the downlink transmission. Since the bit size of CQI feedback should be unchanged, there may be two possibilities to accommodate 256QAM without increasing the bit size of CQI feedback:
· Alt. 1: Some CQI indices would be replaced with 256QAM CQI indices assuming same SNR spacing
· Pros: Relatively small specification impact
· Cons: Performance loss due to replaced CQI indices
· Alt. 2: New CQI table with a larger SNR spacing
· Pros: Full cover of operating SNR range
· Cons: Relatively large specification impact (new MCS/TBS table due to CQI table change) and performance loss due to coarser CQI granularity
Since each approach may have performance impact, it is important to understand the potential impact by each approach to select between two options. Thus, we analysed the CQI feedback by UEs during their lifetime in the system simulation to estimate potential impact. Detailed assumptions for system simulation are shown in table 1. 

Table 1. System simulation assumptions of CQI feedback by UEs
	Deployment scenario
	Small cell scenario 2B

	Number of small cells per cluster
	8

	Number of UEs in a cell
	10

	System bandwidth
	50 RB

	Number of CQI sub-bands
	9

	CQI reporting
	Report all sub-band CQIs

	FTP model/data arrival rate (
	1/10

	CQI feedback period
	5 ms

	Mobile speed
	3 km/h

	Antenna configuration
	2x2

	Other details
	According to TR 36.872


We analysed the number of occurrences with respect to the reported SINR values from UEs depending on rank 2 assuming wideband CQI reporting and up to 2 layer MIMO transmission as shown in Figure 2. Since the resource utilization of small cell is around 10 % (i.e., very low) assuming  = 10, it would be reasonable to consider wideband CQI reporting. 
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Figure 2. The number of occurrences with respect to reported SINR values from UEs with wideband CQI reporting. (a) Rank 1, (b) layer 1 in case of rank 2, and (c) layer 2 in case of rank 2.
As can be seen in Figure 2, the portion of lower SINR values seems to be small. The number of occurrences of reported SINR values less than -1.5 dB is about 10 % among SINR reports conditioned on rank 1 transmission. If all reported SINR values are counted, the percentage of occurrences of reported SINR value less than -1.5dB becomes less than 1%. Therefore, we can expect that the performance loss may not be significant if lower CQI indices would be replaced with 256QAM ones in Alt. 1. Whereas Alt. 2 gives the performance degradation due to larger SNR spacing and may require more standard effort. In that sense, we have a slight preference to Alt. 1. However, it should be further investigated including which CQI indices will be replaced with 256QAM ones and also CQI feedback enhancements to address potential performance impact from those replaced entries. In our companion contribution [2], we discuss a bit further on CQI feedback enhancements. 
Observation 4: Between Alt1 and Alt2, with reasonable specification impact and less expected performance loss, Alt1 is preferred. 

MCS/TBS table design
Regarding MCS/TBS table design, it is reasonable to follow the design principle of legacy MCS/TBS table:
· MCS table expansion by interpolation of spectral efficiencies in the CQI table
· One additional state of retransmission setup for 256QAM
· Same ITBS index for transition point between 64QAM and 256QAM if any

In addition, it is natural to define new IMCS to ITBS mapping (e.g, ITBS> 26) to support 256QAM and to introduce new TBS entries corresponding to ITBS> 26.

Conclusions
In this contribution, we discussed CQI table design. We find following observations:
Observation 1: The operating SNR value should be extended to higher value (e.g, 25.2 dB).
Observation 2: The transition point between 64QAM and 256QAM may be above the last CQI index of the current CQI table.
Observation 3: Assuming the same SNR spacing, additional 3 CQI indices may be needed for 256QAM support.
Observation 4: Between Alt1 and Alt2, with reasonable specification impact and less expected performance loss, Alt1 is preferred. .

In addition, we also discussed MCS/TBS table design. It is reasonable to follow the design principle of legacy MCS/TBS table for the design of MCS/TBS table for 256QAM. Also, it is required to define new IMCS to ITBS mapping and new TBS entries to support 256QAM.
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