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1. Introduction

Higher order modulation is intensively studied as a potential solution to explore the channel capacity for small cell enhancement. After the study item, the conclusions are listed in [1]:

· RAN1 finds DL higher order modulation, i.e. 256QAM is beneficial in evaluated indoor sparse small cell scenarios with low mobility

· RAN1 recommends to support DL higher order modulation, i.e. 256QAM

During the WI, the work shall be focusing on new CQI/MCS table design to support 256QAM while keeping existing size of CQI feedback field and MCS indication [2]. In this contribution, we demonstrate the updated system level evaluation results based on newly designed CQI/MCS tables and RRC configured switching mechanism. Besides that, the standardization impacts are analyzed.

2. Evaluation of CQI/MCS Design Criterion
2.1. The Design of 256QAM CQI/MCS Table
The existing CQI/MCS tables defined in Rel. 8 support at most 64QAM based transmission. If higher order modulation is employed in Rel. 12, new entries corresponding to those newly incorporated 256QAM based CQI/MCS have to be specified. In order to keep the size of CQI table and MCS table unchanged, two 4-bit CQI tables shall be supported by 256QAM-capable UE: the existing one defined since Rel. 8, and a new one designed for 256QAM. Correspondingly two 5-bit MCS interpretation table and TBS mapping table have to be specified. One is for 64QAM, and the other is for 256QAM. The CQI tables in our simulation are listed in table 2 

Table 1. Existing CQI Table [3]
	CQI index
	modulation
	code rate x 1024
	efficiency

	0
	Out of range

	1
	QPSK
	78
	0.1523

	2
	QPSK
	120
	0.2344

	3
	QPSK
	193
	0.3770

	4
	QPSK
	308
	0.6016

	5
	QPSK
	449
	0.8770

	6
	QPSK
	602
	1.1758

	7
	16QAM
	378
	1.4766

	8
	16QAM
	490
	1.9141

	9
	16QAM
	616
	2.4063

	10
	64QAM
	466
	2.7305

	11
	64QAM
	567
	3.3223

	12
	64QAM
	666
	3.9023

	13
	64QAM
	772
	4.5234

	14
	64QAM
	873
	5.1152

	15
	64QAM
	948
	5.5547


Table 2. CQI Table for 256QAM
	CQI index
	modulation
	code rate x 1024
	efficiency

	0
	Out of range

	1
	QPSK
	449
	0.8770

	2
	QPSK
	602
	1.1758

	3
	16QAM
	378
	1.4766

	4
	16QAM
	490
	1.9141

	5
	16QAM
	616
	2.4063

	6
	64QAM
	466
	2.7305

	7
	64QAM
	567
	3.3223

	8
	64QAM
	666
	3.9023

	9
	64QAM
	772
	4.5234

	10
	64QAM
	873
	5.1152

	11
	64QAM
	948
	5.5547

	12
	256QAM
	822
	6.4219

	13
	256QAM
	881
	6.8828

	14
	256QAM
	925
	7.2266

	15
	256QAM
	948
	7.4063


Compared with the original CQI table, a certain number of QPSK CQIs are replaced by 256QAM CQIs in the CQI table supporting 256QAM, because UEs may experience good or very good average SINR levels in the SCE scenarios. This means the CQIs in table 1 may not necessary for those UEs, while the 256QAM CQIs can be used instead. However, two QPSK CQI levels are still kept for low SINR indication, since it is possible that the channel quality suddenly becomes bad because of, for example, the activation of the neighboring cell. Note that the new CQI table shall be optimized for 256QAM utilization since the UEs enjoying high channel capacity is the target. Therefore the steps between 256QAM based CQIs are 1.26 dB, which is lower than the steps between remaining original CQIs. But it is of course possible to further increase or reduce the number of new CQIs.
MCS and CQI field interpretation should be linked to each other. In our simulation the new MCSs code-points for 256QAM are selected as those equal to the 256QAM-based CQIs. And for each two neighboring CQIs there is also 1 new MCS defined corresponding to the average of their coding rate. And in order to keep the same MCS indication bits in DCI, some of the original code-points designed for low SINR region are deleted. The TBS in the simulation is calculated based on the allocated resources and the spectral efficiency of the selected MCS. But a new TBS table including 256QAM-based TBS indices is of course required for practical use.
2.2.  Evaluation Results and Analysis
The evaluation results are shown in Figure 1.
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Figure 1. System level evaluation results of scenario 3 sparse (Tx EVM 3%, Rx EVM 1.5%)

In order to verify the impact to the system throughput results, we simulated the system using the new table-switching mechanism based on CQI tables/ MCS tables described in section 2.1 . In the simulation, the FTP model 1 with around 20% RU is assumed, and the CRS interference from the neighboring cells is modeled. Note that Table.1 is selected as the default one for each UE in the simulation. If the DL channel situation turns out to be good enough to support 256QAM and lasts for a while, eNodeB shall configure the UE to switch to Table.2. Similarly the fall-back to the original CQI table mechanism has been defined. The MCS table is always adjusted accordingly. It shall also be noted that the RRC reconfiguration delay is not considered in the simulation.

It is observed that both 5% and 95% UPT shows obvious gain. This is in accordance with [4] in which the phenomenon is detailed explained. The 50% UE shows more than 15% gain. The averaged UPT when 256QAM based CQI/MCS table is applied is improved by more than 20%, which is quite considerable and align with the conclusion in [1]. And accordingly the RU is reduced from 21.5% to 19.5% when suggested multiple CQI/MCS tables is supported. 

By analyzing these data, it is concluded that the introduction of higher order modulation with RRC configured CQI/MCS tables switching can effectively improve the system performance.

Observation 1: The RRC configured CQI/MCS tables switching can effectively improve the UPT gain by employing 256QAM in the indoor sparse scenario with low traffic load. 

3. Analysis of RRC Configuration Details

It is reasonable to assume that the CQI/MCS table of certain UE is configured through RRC layer. Regarding how to configure the CQI table in RRC layer, one thing shall be considered is to let previously defined interference cancellation technologies (e.g. CoMP DPB or JT) to be benefit from new modulation scheme. In this case the CQI table shall be configured per CSI-process.
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Figure 2 Example of CoMP and corresponding SINR increase
Figure 2 shows the typical CoMP example. UE1 is considered as a cell edge UE since signals from eNodeB 1 and eNodeB 2 are comparable. If one of these 2 eNodeBs is muted during the data transmission to UE1, i.e., DPB scheme is employed, UE 1 can have high SINR values. In this case applying 256QAM-based MCS will obviously improve the achievable throughput in DPB. To support the scheduling of 256QAM-based MCS, the scheduler needs accurate CQI report, which is based on CSI processes as defined in Rel. 11.

2 CSI processes can be e configured to UE1 based on same CSI-RS-resource but different IMRs, e.g., CSI process 1 for normal operation and CSI process 2 for DPB operation. Generally CSI process 2 can detect higher SINR than CSI process 1, and sometimes the value even exceeds the achievable SINR of original CQI table (Table.1). Configuring updated CQI table (Table.1) to UE therefore can be beneficial to report accurate channel estimation results on CSI process 2. However, the SINR measured on CSI process 1 can be lower than the minimum value supported in the updated CQI table which leads to reporting failure. And it is highly desired that Table.1 is configured on CSI process 1 and Table.2 is configured on CSI process 2. In other words, the CQI table shall be per-CSI-process configured.

Note that in the similar way, UE 2 can also be benefit from 256QAM in case the intra-site JT is employed.

Since multiple CQI tables exist when multiple CSI processes are configured to the UE, the RRC configuration of MCS indication interpretation mechanism certainly has to be independently configured. And the new MCS table has to be carefully designed to cover larger SINR region compared with original one, with possible larger distance between neighboring code-points.
Proposal 1: The CQI table shall be per CSI-process configured.

Proposal 2: The MCS indication interpretation method shall be independently configured from CQI tables by RRC signaling.

4. Conclusion
In this contribution, further system level evaluation results of 256QAM utilized in small cell enhancement scenario 3 sparse are provided. We have the following observation:

Observation 1: The RRC configured CQI/MCS tables switching can effectively improve the UPT gain by employing 256QAM in the indoor sparse scenario with low traffic load. 

And we propose:
Proposal 1: The CQI table shall be per CSI-process configured.
Proposal 2: The MCS indication interpretation method shall be independently configured from CQI tables by RRC signaling.
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Appendix

Table. 3 System level simulation assumptions

	Parameter
	Values used for evaluation

	Deployment scenarios
	Small Cell Enhancement 3 sparse

	Simulation case
	· ITU InH between small cell and UE
· UE speed : 3km/h

· Carrier Frequency : 2GHz for macro layer (if exists), 3.5GHz for small cell layer
· UE noise figure: 9dB

	Small cell TX power (Ptotal)
	24dBm

	UE distribution
	For scenario 3, randomly and uniformly distributed over area;

	System bandwidth
	10 MHz

	Possible transmission schemes in DL
	SU-MIMO without CoMP

	Antenna configuration
	2 x 2, cross polarized

	Antenna gain + connector loss
	For small BS: 5 dBi

	Feedback scheme 
	PUSCH mode 3-1, 5 ms period. New CQIs introduced to support 256QAM. See details in table 1.

	Channel estimation
	Non-ideal

	UE receiver
	MMSE IRC

	Traffic model
	FTP model 1

	Link adaptation
	New MCSs for DL scheduling are defined, using the exact same coding rate with the 256QAM CQIs. OLLA applied.




