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1. Introduction
Based on studies of scenarios and requirements for small cell enhancements captured in TR [1], a new study item to investigate potential enhancement of physical layer was proposed, and it was approved for Rel-12 in RAN#58. In the study item description [2], the followings are described as a part of the objective.

· Study potential enhancements to improve the spectrum efficiency, i.e. achievable user throughput in typical coverage situations and with typical terminal configurations, for small cell deployments, including
· Introduction of a higher order modulation scheme (e.g. 256 QAM) for the downlink.
In this contribution, evaluation assumptions for introduction of 256QAM are discussed. Then, initial evaluation results are provided.
2. Discussion regarding evaluation assumptions
Our views related to general evaluation assumptions for small cell enhancement are shown in [3]. Based on that discussion, evaluation assumptions for introduction of 256QAM are discussed in this section.
In the non-co-channel deployment between macro cell layer and small cell layer, the received SINR of small cell UE is relatively good since there is no interference from the macro cell layer. Thus, introduction of 256QAM to the DL modulation scheme has the potential to bring higher peak data rates for small cell UEs. Moreover, when 256QAM can be applied to a lot of UEs, the system capacity of the small cell is improved.
However, depending on several factors, transmissions using 256QAM are more sensitive to channel characteristics and other impairments than lower order modulations (e.g. QPSK). Thus, the effect of such factors should be taken into account in order to investigate the benefit given by introduction of 256QAM. Advantages of introduction of 256QAM over the existing alternative technologies should also be taken into account.
(1) Evaluation of performance degradation due to channel estimation error based on UE-specific RS (DM-RS)
Since the RE allocation for DM-RS is denser than that of CRS, channel estimates by DM-RS are relatively accurate even if characteristics of radio channel vary in time and/or frequency domain. Furthermore, when received SINR is good, deterioration of channel estimates due to thermal noise or interference is marginal. However, a relatively small amount of channel estimation error causes deterioration of the transmission characteristics of 256QAM due to the dense signal point constellation. According to [4], it is found that the channel estimation performance can be degraded due to variation of radio channel even in high SINR environment.
(2) Evaluation of performance degradation due to non-ideal implementation in eNB transmitter and UE receiver
Even if SINR characteristics of radio channel in non-co-channel scenario are good, error vector magnitude (EVM) characteristics of eNB transmitter which depend on such as phase jitter, phase noise, device non-linearity and quantization noise in D/A, etc. can cause the deterioration of the constellation of the transmission signal. Besides, non-ideal implementation of UE receiver, i.e. quantization error in A/D, carrier frequency deviation and imperfect AGC operation, can cause the deterioration of received SINR. Meanwhile, quasi-ideal implementation of the transmitter and the receiver would lead to high complexity of eNB and UE.
(3) Evaluation of advantage over spatial multiplexing
Spatial multiplexing can be considered as an alternative technology in order to enhance the peak data rate. However, feasibility of spatial multiplexing depends on propagation environment. Thus, spatial multiplexing (e.g. rank 2 transmission) with the same or higher  peak data rate  than an equivalent rank 1 transmission with 256QAM should be compared with 256QAM, from the view point of system capacity or distribution of small cell UEs to which 256QAM can be applied. It is expected that results of such a comparison would depend strongly on the channel model.
3. Preliminary performance evaluation
3.1. Evaluation assumptions
As the initial evaluation results, the distribution of small cell UEs to which 256QAM can be applied is given. In this evaluation, ideal condition where the effect of the above factors is not taken into account is considered. Table 1 shows assumed MCS table for the evaluation. Figure 1 shows required Es/N0 for each MCS in the assumed MCS table. In the followings, the percent of small cell UEs which could benefit from 256QAM is calculated using required Es/N0 for each MCS with 256QAM and CDF of small cell UE’s geometry.
Table 1: Assumed MCS table.
	MCS
index
	Modulation
	Coding rate
	Required Es/N0 [dB]
	MCS
index
	Modulation
	Coding rate
	Required Es/N0 [dB]

	0
	QPSK
	0.117 
	-5.75 
	17
	64QAM
	0.427 
	9.59 

	1
	QPSK
	0.152 
	-4.60 
	18
	64QAM
	0.459 
	10.07 

	2
	QPSK
	0.187 
	-3.67 
	19
	64QAM
	0.508 
	11.15 

	3
	QPSK
	0.245 
	-2.47 
	20
	64QAM
	0.551 
	11.88 

	4
	QPSK
	0.299 
	-1.65 
	21
	64QAM
	0.608 
	12.87 

	5
	QPSK
	0.373 
	-0.59 
	22
	64QAM
	0.644 
	13.58 

	6
	QPSK
	0.437 
	0.30 
	23
	64QAM
	0.700 
	14.82 

	7
	QPSK
	0.512 
	1.27 
	24
	64QAM
	0.761 
	15.86 

	8
	QPSK
	0.587 
	2.18 
	25
	64QAM
	0.804 
	16.68 

	9
	QPSK
	0.661 
	3.09 
	26
	64QAM
	0.871 
	18.05 

	10
	16QAM
	0.331 
	3.49 
	27
	64QAM
	0.896 
	18.58 

	11
	16QAM
	0.368 
	4.15 
	28
	64QAM
	0.921 
	19.65 

	12
	16QAM
	0.421 
	5.07 
	29
	256QAM
	0.761 
	20.86 

	13
	16QAM
	0.475 
	5.99 
	30
	256QAM
	0.804 
	21.68 

	14
	16QAM
	0.544 
	7.16 
	31
	256QAM
	0.871 
	23.05 

	15
	16QAM
	0.608 
	8.14 
	32
	256QAM
	0.896 
	23.58 

	16
	16QAM
	0.640 
	8.68 
	33
	256QAM
	0.921 
	24.65 
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Figure 1: Required Es/N0 for each MCS in assumed MCS table.

Regarding cell deployment scenario, essentially, small cell cluster model should be assumed in the evaluation. However, definition of a small cell cluster is not clear in current RAN1 discussion. Thus, as the alternative small cell deployment scenario, existing heterogeneous scenario (CoMP deployment scenario 3/4) with a lot of small cells within each macro cell coverage is used. Table 4 shows the other evaluation assumptions.
3.2. Evaluation results
Figure 2 shows CDF of small cell UE’s geometry in co-channel scenario. The geometry is relatively low due to interference from macro cells. As the number of small cells increase, the geometry decreases due to interference among small cells.
Figure 3 shows CDF of small cell UE’s geometry in non-co-channel scenario. The geometry is relatively high since there is no interference from macro cells. When there are few small cells within each macro cell coverage, the geometry is significantly high, since the environment is similar to isolated cell. As the number of small cells increase, the geometry decreases due to interference among small cells.
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Figure 2: Geometry of small cell UEs in co-channel scenario.
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Figure 3: Geometry of small cell UEs in non-co-channel scenario.
Then, the following shows the analysis of the number of small cell UEs to which the highest MCS can be applied when a highest MCS index larger than 29 is defined.
Table 2 shows the results for the co-channel scenario. For reference, achievable peak data rate for each MCS in 5MHz is given. Since small cell UE’s geometry is relatively low, highest MCS in LTE Rel-11 (MCS28 (64QAM, R=0.921)) can be applied to around 1% of small cell UE. Thus, only few UEs can receive a benefit from the highest MCS, even if a highest MCS index larger than 29 is defined.
Table 3 shows the results for the non-co-channel scenario. As mentioned above, the geometry of the small cell UE is relatively high and varies depending on the number of small cells. For example, when the number of small cell is 10 and highest MCS is MCS31 (256QAM, R=0.871), achievable peak data rate increases 26.1% compared with Rel-11 and the highest MCS can be applied to 5.89% of small cell UE.
As mentioned above, existing heterogeneous scenario (CoMP deployment scenario 3/4), where small cells are randomly and uniformly placed within each macro cell coverage, is assumed in these evaluations. According to Figure 3, deployment of more than 10 small cells within each macro cell coverage causes degradation of small cell UE’s geometry. However, under the small cell cluster scenario, it is expected that deployment of few small cells within the cluster leads to shorter ISD between small cells and degradation of the geometry. Furthermore, random placement of small cell within the cluster may not be reasonable in practice. Thus, how to place small cells (randomly or by planning) within the cluster should be discussed for evaluation assumptions.
Table 2: Ratio of UEs to which highest MCS can be applied (Co-channel scenario).
	Highest

MCS index
	Modulation
	Peak data
rate [Mbps]
	Number of small cells within each macro cell coverage

	
	
	
	1
	2
	4
	10
	15
	20

	28 (Rel-11)
	64QAM
	17.13 
	1.77%
	1.64%
	1.54%
	1.29%
	1.06%
	0.97%

	29
	256QAM
	18.87 (+10.2%) 
	1.32%
	1.14%
	1.20%
	0.93%
	0.75%
	0.67%

	30
	256QAM
	19.93 (+16.3%) 
	1.10%
	1.00%
	0.95%
	0.75%
	0.61%
	0.52%

	31
	256QAM
	21.60 (+26.1%) 
	0.86%
	0.72%
	0.64%
	0.46%
	0.37%
	0.33%

	32
	256QAM
	22.22 (+29.7%) 
	0.67%
	0.59%
	0.54%
	0.39%
	0.31%
	0.27%

	33
	256QAM
	22.84 (+33.3%) 
	0.47%
	0.48%
	0.39%
	0.28%
	0.21%
	0.18%


Table 3: Ratio of UEs to which highest MCS can be applied (Non-co-channel scenario).

	Highest

MCS index
	Modulation
	Peak data
rate [Mbps]
	Number of small cells within each macro cell coverage

	
	
	
	1
	2
	4
	10
	15
	20

	28 (Rel-11)
	64QAM
	17.13 
	70.89%
	48.10%
	28.32%
	11.43%
	7.38%
	5.23%

	29
	256QAM
	18.87 (+10.2%) 
	65.84%
	42.83%
	24.16%
	9.15%
	5.75%
	3.86%

	30
	256QAM
	19.93 (+16.3%) 
	62.21%
	39.25%
	21.63%
	7.81%
	4.74%
	3.17%

	31
	256QAM
	21.60 (+26.1%) 
	55.36%
	33.27%
	17.51%
	5.89%
	3.39%
	2.17%

	32
	256QAM
	22.22 (+29.7%) 
	52.98%
	31.24%
	16.26%
	5.23%
	2.95%
	1.88%

	33
	256QAM
	22.84 (+33.3%) 
	47.29%
	27.33%
	13.46%
	3.93%
	2.21%
	1.35%


4. Conclusions

In this contribution, it is highlighted that the following are important to evaluate the benefit of the introduction of 256QAM to small cell.
· Evaluation of performance degradation due to channel estimation error based on DM-RS
· Evaluation of performance degradation due to non-ideal implementation in eNB transmitter and UE receiver
· Evaluation of advantage over spatial multiplexing
· Evaluation of performance degradation due to interference between small cells under appropriate small cell deployment scenario
Furthermore, as initial evaluation results considering ideal condition, the distribution of small cell UEs to which 256QAM can be applied is provided. However, the evaluation results may vary depending on the above factors. Therefore, evaluation assumptions where these factors are taken into account should be discussed in order to investigate the benefit of introduction of 256QAM to small cell.
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Appendix
Table 4: Simulation assumptions.
	Cell deployment scenario
	CoMP scenario 3/4 [7]

	Number of macro cells
	19 x 3

	ISD of macro eNB
	500m

	Number of pico cells within each macro cell coverage
	1, 2, 4, 10, 15, 20

	Antenna configuration
	2 x 2

	Carrier frequency
	2 GHz

	eNB Tx power
	46 dBm (Macro), 30 dBm (Pico)

	Noise figure of UE
	9 dB

	Transmit antenna gain
	14 dBi (Macro), 5 dBi (Pico)

	Receive antenna gain
	0 dBi

	Channel model
	Typical Urban, path loss model 1 [6]

	CRE bias
	0 dB

	UE placement
	Configuration #1 (random placing of 30 UEs within each macro cell coverage) [6]




