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1 Introduction

The objective of Enhancements for improved spectral efficiency for the WI is to Focus on any specific evaluation assumptions for DL higher order modulation and for enhancements / overhead reduction for UE-specific RS and control signalling.
One of Enhancements for improved spectral efficiency refers to the introduction of high order modulation such as 256QAM to small cell. This contribution provides simulation assumptions and evaluations, and then discusses potential related topics due to the introduction of high order modulation. 
2 Simulation Evaluation
2.1 Simulation Assumption
Table 1: System-level simulation assumptions
	Deployment scenarios
	Heterogeneous network with small cells within the macro cell coverage
	Indoor Hotspot

	Carrier configuration
	1 carrier @ 2GHz
Macro cells and Pico cells are on the same carrier 
	1 carrier @ 3.5GHz

	System bandwidth
	10 MHz 
	10 MHz

	Simulation case
	Configuration #4b with 4 small cells per macro cell
· ITU-UMa for Macro
· ITU-UMi for small cell

	ITU-InH 

2 indoor small cells 

	Number of UEs 
	30 UE (per macro area)
	10 UE 

	Outdoor/Indoor UE ratio
	100% Outdoor
	100% Indoor

	DL transmission scheme and coordination scheme 
	SU-MIMO with rank adaptation
eICIC – with ZP-ABS, 6dB CRE bias
	SU-MIMO with rank adaptation

	UE speed
	3km/hr
	3km/hr

	Tx power (Ptotal)
	Macro:46dBm

Small cell: 30dBm
	Small cell: :21dBm

	Traffic model
	Full buffer 
	Full buffer

	Number of TX and RX antennas
	For macro: 2x2

For small cell: 2x2
	2x2

	Antenna configuration
	ULA/XPOL
	ULA/XPOL

	Antenna gain + connector loss
	For macro: 17 dBi 
For low power node: 5 dBi
	0dBi

	UE receiver
	MMSE
	MMSE

	Network synchronization
	Synchronized
	Synchronized

	Scheduler
	Proportional Fair
	Proportional Fair

	Feedback scheme
	Rel-8 RI/CQI/PMI based on Rel-8 2Tx codebook
	Rel-8 RI/CQI/PMI based on Rel-8 2Tx codebook


2.2 Simulation Results and Analysis
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(a) HetNet macro+4picos, ULA
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(b) HetNet macro+4picos, XPOL
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(c) InH, ULA
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(d) InH, XPOL


Figure 1. System gain of introduction of 256QAM
System-level simulation is performed to evaluate the gain after introduction of 256QAM based on the simulation assumptions described in section 2.1. The percentage gains in different scenarios are shown in figures 1(a)-(d). The baseline for this comparison is LTE-A SU-MIMO performance without 256QAM.
It can be observed from the simulation results that gain can be obtained in all the scenarios. Especially for the 95%-ile UE with good channel condition, 7.5%-36% gain can be obtained. For cell average performance, the gain ranges from around 4% to 23%. The gain is more significant in InH scenario by comparing figures 1a-b and figures 1c-d. In order to support high 256QAM transmission, the SINR has to be reasonably high e.g. higher than around 20dB. The interference condition is more severe in macro-pico HetNet co-channel case. There are less UEs with high SINR so the overall system gain is limited by the severe interference. On the contrary, in indoor hotspot environment there are more UEs with high SINR because of the channel and interference characteristics. Larger portion of UEs can enjoy the gain coming from 256QAM. Therefore, the gain coming from adopting 256QAM can reflect in the overall system gain in larger extent in indoor hotspot cases. 
From the results, the cell edge performance gain is insiginicant in some of the cases. This is because cell edge UEs have less chance of reaching high SINR to support 256QAM transmission. Introduction of 256QAM increases the scheduling metric of the UEs with CQI supporting 256QAM. Relatively, cell edge UEs with poor channel condition have less chance of being scheduled. 
In indoor ULA environment, it still has considerable gain on cell edge which means even cell edge UEs can sometimes have the channel condition supporting 256QAM. To compare performance between XPOL and ULA antennas, it can be observed that larger gain can be obtained with ULA. This can be explained by the correlation property of antenna configuration. Co-polarized antennas can generate narrower beam which can reach larger coverage area. This helps UEs to reach higher SINR in rank 1 transmission. For XPOL, the channel characteristics favors rank 2 transmission. It is relatively harder to support 256QAM because the power on each stream is reduced by half. On the contrary, there are more rank-1 transmission in co-polarized scenarios. It is easier to reach high SINR on one stream with beamforming. Therefore, more significant gain can be seen in the scenarios with ULA.

3 Potential research topics for the introduction of high order modulation 256QAM
3.1  CQI table design to support 256QAM
In small cell, high received SNR are more likely to be reached and more desirable for high order modulation such as 256QAM, which is helpful to improve system average throughput. 

To add in 256QAM, CQI table need accommodate new entries. Original CQI table includes 16 levels, and 4 bits are required for the CQI indices. There are three potential methods to define a new CQI table with 256QAM:

Method 1: From the original CQI table, some combinations of modulations and code rates are deleted and replaced by entries for 256QAM. 

Method 2: From the original table, some combinations of modulations and code rates are added, including those with 256QAM. Then, more bits are required for CQI indices.
Method 3: Redesign the CQI table, redefine all combinations of modulations and code rates to include 256QAM.

Following points should be cover in define the CQI table: 
1) The highest code rat is 0.93. 
2) CQI table evenly mapping between spectrum efficiency and SNR.
3) To avoid increasing PUCCH overhead, do not increase number of CQI bits, e.g. 4 bit CQI。

4) Bias to high order modulation. 
An example of CQI table with 256QAM is as:
Table 2
	 CQI index
	modulation
	code rate x 1024
	efficiency

	1(4)*
	QPSK
	308
	0.6016

	2(5)
	QPSK
	449
	0.8770

	3(6)
	QPSK
	602
	1.1758

	4(7)
	16QAM
	378
	1.4766

	5(8)
	16QAM
	490
	1.9141

	6(9)
	16QAM
	616
	2.4063

	7(10)
	64QAM
	466
	2.7305

	8(11)
	64QAM
	567
	3.3223

	9(12)
	64QAM
	666
	3.9023

	10(13)
	64QAM
	772
	4.5234

	11(14)
	64QAM
	873
	5.1152

	12(15)
	64QAM
	948
	5.5547

	13(new)
	256QAM
	803
	6.2734

	14(new)
	256QAM
	889
	6.9453

	15(new)
	256QAM
	952
	7.4375


* The number in parenthesis means the original entry in Rel-11 

Figure 2 shows the SNR and CQI are evenly mapped.
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Figure 2.
3.2 Modulation and TBS index table and TBS table to support 256QAM
Keeping same size of TBS indication table is prefer with similar consideration as for CQI table.

The example table is shown as: 
Table 2
	MCS Index
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	Modulation Order
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	TBS Index
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	MCS Index(in Rel-11)
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	Efficiency

	0
	2
	0
	5
	

	1
	2
	1
	6
	

	2
	2
	2
	7
	

	3
	2
	3
	8
	

	4
	2
	4
	9
	

	5
	4
	5
	11
	

	6
	4
	6
	12
	

	7
	4
	7
	13
	

	8
	4
	8
	14
	

	9
	4
	9
	15
	

	10
	4
	10
	16
	

	11
	6
	11
	18
	

	12
	6
	12
	19
	

	13
	6
	13
	20
	

	14
	6
	14
	21
	

	15
	6
	15
	22
	

	16
	6
	16
	23
	

	17
	6
	17
	24
	

	18
	6
	18
	25
	

	19
	6
	19
	26
	

	20
	6
	20
	27
	

	21
	6
	21
	28
	

	22
	8
	22 
	—
	CQI = average of 12&13

	23
	8
	23 
	—
	CQI = 13

	24
	8
	24 
	—
	CQI = average of 13&14

	25
	8
	25 
	—
	CQI = 14

	26
	8
	26
	—
	CQI = average of 14&15

	27
	8
	27
	—
	CQI = 15

	28
	2
	Reserved
	29
	

	29
	4
	
	30
	

	30
	6
	
	31
	

	31
	8
	
	—
	


TBS table should be finally defined after the above tables been decided. For small cell, since low number of UE is camped into cell, higher TB sizes need to consider case of 136 RE per PRB to fully explore the throughput. Other sizes could reuse the original TBS table. 
3.3 Performance improvement of 256QAM
Multi-Level Coding (MLC) and Constellation Rearrangement (CoRe) can be further considered to reduce the system complexity or to enhance the performance of channel coding and modulation chain with 256QAM.

MLC is a method that combines the error correction coding and QAM modulation techniques together. The information bits are partitioned into un-encoded bits and encoded bits. Encoded bits are mapped to the constellation diagram with the un-encoded bits after rate matching. Through an appropriate constellation mapping, un-encoded bits can be effectively protected by large constellation distance. The multi-level coding has advantages such as increasing code rate and spectral efficiency, providing unequal error protection for different information or traffic, and reducing the complexity of the algorithm. Multi-level coding can meet scenarios that require data transmission with high spectral efficiency. As an initial evaluation, Figure 3 has shown SNR-BER and SNR-BLER curves of MLC and all-encoded scheme in AWGN channel with code rate is 0.8, and TBS is 4160. Two MLC schemes are considered. One scheme has 2 un-encoded bits and another scheme has 4 un-encoded bits in a constellation mapping. The performance of MLC with 4 un-encoded bits has 0.2dB gain over the all-coded scheme. Furthermore, MLC allows that the whole code rate larger 0.93 and keeping the current turbo coding rate limit. Then, 256QAM with very high code rate can be used without changing coder/decoder.
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Figure 3 SNR-BER and SNR-BLER curves of MLC and all-encoded scheme in AWGN channel

For high order modulation, different encoded bits are more unequally protected. The bits with less protection will affect the block error rate of the transmission. By using CoRe, the encoded bits are mapped to different constellation points in different transmissions, which ensure that none bits are always mapped to low reliable points for consecutive HARQ transmissions. Then, retransmission performance can be enhanced.
4 Conclusion
In this contribution, we perform initial evaluation based on our simulation assumption and analyze on high order modulation to enhance LTE small cell. We have the following observations:
Observation 1: Significant gain can be obtained after introduction of high order modulation in the scenario of small cell.
Observation 2: CQI table, Modulation and TBS index table and TBS table needs to be redesigned to support high order modulation after introduction of high order modulation.
[1] Reference
[2] R1-130134 Considerations on evaluation assumptions and methodology for small cell enhancements
[3] 3GPP TS 36.213: “Evolved Universal Terrestrial Radio Access (E-UTRA); Physical layer procedures”
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