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1 Introduction

It was agreed to start the small cell enhancement WI at the last RAN#62 meeting. One of the main targets is to improve the spectral efficiency with higher order modulation i.e., 256QAM in the DL transmission [1]. Higher order modulation was also actively discussed in the SI phase. 
In order to support 256QAM in the current system, the CQI/MCS table must be re-designed and the CQI feedback field in the UCI and the MCS indication field in the DCI should also be changed accordingly. 
In this contribution, we discuss and compare the possible methods for re-designing the CQI/MCS table for 256QAM. Thereafter, our considerations are given based on the comparison of these methods. 
2 Discussion on CQI/MCS Table Design
To support 256QAM in the current system, the most straightforward method is to extend the table by adding new 256 QAM entries at the end of the original one, which will lead to an enlarged CQI feedback field and MCS indication field. This increased payload size will reduce the robustness of the UCI and DCI [1]. Furthermore, in some CSI feedback modes such as PUCCH reporting mode 2-1 combined with PUCCH reporting type 2, the PUCCH cannot accommodate the increased CQI feedback. As a result, it was agreed to set the baseline to retain the existing size of CQI feedback field and MCS indication [2].
2.1 Potential methods for the CQI/MCS table design
Based on this basic assumption, the following 2 potential methods are considered for the table design of CQI/MCS for 256QAM. 
Method 1: Extend the table while only a sub-table is indicated by the CQI/MCS field. 
Since small cells mainly target low or medium speed UEs, the SINR situation of these UEs may not change so quickly within a certain period and it is likely that only a part of the extended table is used for CQI feedback / MCS indication. Based on this consideration, only a sub-table needs to be configured to a specific UE to retain the existing size of the CQI feedback field and MCS indication.
The UEs under different SINR situations could be configured with different sub-tables. Table I shows a simple example of a CQI table (an MCS table could be configured in the same way). UEs near the cell center experience quite high SINR conditions. They could be configured with the sub-table containing all 256QAM-related MCS sets. The UEs in the region between the cell center and cell edge experience relatively high SINR conditions. In this case, they could be configured with the sub-table containing a part of the 256QAM-related MCS sets. The UEs near the cell edge encounter lower SINR conditions. Therefore, they could be configured with a sub-table without 256QAM-related MCS sets. When the SINR condition of the UE is changed, the sub-table can be reconfigured accordingly. 

Regarding how to support the sub-table configuration and reconfiguration, an explicit manner through RRC signaling or other implicit manner could be considered. 
Method 2 Refine the table content to keep the same table size.
Different from method 1, a common table is fixed for all the Rel-12 UEs who tend to use 256QAM in small cells. Regarding the content of the newly defined table, two options could be considered. The first option is to refine all the MCS sets in the CQI/MCS table with larger SINR granularity. The second option is to replace some original MCS sets with new entries. Table II shows an example of a CQI table (a similar principle could be applied to an MCS table). In the second option, there may be no interruption by reconfiguration since most MCS sets remain the same and can be used even during reconfiguration of the table. In addition, considering that the second option is quite simple and requires less specification effort, the second option is preferred. 
Proposal 1: If method 2 is adopted for the CQI/MCS redesign, it is recommended to replace the original MCS sets with new 256 QAM entries.
                    Table I. Extended Table [3] with Sub-table Configuration
	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

	16
	256QAM
	803
	6.2734

	17
	256QAM
	889
	6.9453

	18
	256QAM
	952
	7.4375
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Table II. Table Refinement by Replacement
	CQI index
	modulation
	code rate x 1024
	efficiency

	0
	Out of range

	1
	QPSK
	78
	0.1523

	2
	QPSK
	120
	0.2344

	3
	256QAM
	803
	6.2734

	4
	QPSK
	308
	0.6016

	5
	QPSK
	449
	0.8770

	6
	QPSK
	602
	1.1758

	7
	16QAM
	378
	1.4766

	8
	256QAM
	889
	6.9453

	9
	16QAM
	616
	2.4063

	10
	64QAM
	466
	2.7305

	11
	64QAM
	567
	3.3223

	12
	64QAM
	666
	3.9023

	13
	256QAM
	952
	7.4375

	14
	64QAM
	873
	5.1152

	15
	64QAM
	948
	5.5547


2.2 Comparison
To compare the throughput performance between these two methods, we perform an initial system level simulation. The baseline for comparison is the original CQI/MCS table. The extended table is set as the upper bound. For method 1, the sub-table is configured based on the UE location in our simulation. For method 2, Table.2 is assumed for the content refinement. Other parameters are listed in the Annex. The gains in the average UE throughput of methods 1 and 2 over the baseline are depicted in Fig. 1.
By using specific sub-table configurations for specific UEs in method 1, the performance loss due to inaccurate feedback/indication can be largely avoided compared to using the common table in method 2. Thus, method 1 achieves better throughput performance than method 2. 
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                          Fig. 1 Average UE throughput performance
Even though there is still a performance gap between method 1 and the upper bound, the UE throughput performance in method 1 is expected to approach that when using an extended table if proper and smooth sub-table configuration/reconfiguration is performed. The drawbacks are additional complexity and the possible need for additional signaling overhead in the sub-table configuration / reconfiguration. 
Method 2 is much simpler in terms of implementation. When the Rel-12 UE moves into the coverage of the small cell, only one unique new CQI/MCS table needs to be configured by higher layer signaling. However, it has the drawback of losing the performance gain. The table needs to be well-designed to reach an efficient compromise between the performance gain and a lower implementation complexity.
	
	Pros
	Cons

	Method 1
	a. Guaranteed performance gain
	a. Increased complexity for the sub-table switch 

b. Increased overhead and specification effort if sub-table is configured by RRC signaling

	Method 2
	a. Simple

b. No additional RRC signaling
	a. Lower performance gain


Based on the current comparison, we derive the possible ways to enhance each method 

· Option 1: Strive for a simple and efficient sub-table switching method with lower complexity and additional overhead.
· Option 2: Strive for smart refinement of the tables to guarantee the throughput gain. 

Proposal 2: Further investigation is needed concerning the 2 options to find a proper method to support 256QAM in the current system.
3 Conclusion

In this contribution, we discussed two potential methods for the CQI/MCS design and obtained initial simulation results. Based on the discussion, we make the following proposals.
Proposal 1: If method 2 is adopted for the CQI/MCS redesign, it is recommended to replace the original MCS sets with new 256QAM entries.

Proposal 2: Further investigation is needed concerning the 2 options to find a proper method to support 256QAM in the current system.
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Annex 
Table A. Simulation Parameters
[image: image3.png]Deployment

Macro + outdoor small cell, 3 small cells per Macro sector

Carrier configuration

Macro@ 2GHz, Small cell @3.5GHz

System bandwidth

10 MHz

Cell association

RSRP for intra frequency, RSRQ for inter-frequency

UE distribution

2/3 UEs are randomly and uniformly dropped in the small cell, 1/3
UEs are randomly and uniformly dropped in the Macro coverage

DL Tx. scheme

SU-MIMO with rank adaptation, up to rank 2

UE speed

3km/hr

Tx power (Ptotal)

Macro:46dBm Small cell: 30dBm

Traffic model

Full buffer/FTP1 0.5Mbyte

Number of TX and RX For macro/small cell: 2x2

Antenna configuration CPA(0.5nmd)

Antenna gain+ For macro: 17 dBi For small cell: 5 dBi
connector loss

UE receiver MMSE

Channel estimation

Non-ideal DM-RS

Control delay 6ms
Feedback scheme Rel-8 RI/CQI/PMI based on Rel-8 2Tx codebook
Overhead PDCCH(2 symbols), DM-RS(12 REs/ RB), CRS(2 ports)

Tx. / Rx EVM factor

4%/2%
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