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1 Introduction
In the evaluation of NCT and small cell on/off, transmission mode assumption was agreed as TM10 [2]. In TM10, CSI measurement takes into account only PDSCH interference and does not take into account CRS interference. In low resource utilization (= light load) condition, CRS interference is dominant. Therefore, to take into account CRS interference in the link adaptation has the influence on the user throughput performance. Taking into account CRS interference for link adaptation can be realized by different outer loop between the subframe with CRS and without CRS or CSI measurement with and without consideration of CRS interference. If CRS interference is not taking into account in the link adaptation, NCT gain is seen as large because NCT can reduce the CRS interference and link adaptation works better. In BCT, the link adaptation of non MBSFN subframe works poorly because of CRS interference. This document evaluated the relation between small cell on/off and the link adaptation taking into account CRS interference.

In addition, we evaluated the relation between small cell on/off and SIB overhead size.
2 Discussion
The relation between Small Cell ON/OFF and link adaptation with CRS
We evaluate the relation between small cell on/off and link adaptation with CRS. We call the evaluation without taking into account CRS interference as common link adaptation. We call the evaluation with taking into account CRS interference as separate link adaptation. The reason of separate means the link adaptation of the subframe with CRS and the subframe without CRS runs independently. In our evaluation, instead of separate outer-loop as possible reality, we use CRS interference itself is included in the reporting from UE. As a baseline, we evaluate small cell always-on. Our simulation assumes macro cell is always-on. Figure 1, Table 1 and Table 2 show the user throughput CDF of small cell UE depending on traffic load (= arrival rate and therefore corresponds to resource utilization). Regardless of link adaptation method, small cell on/off has better performance than small cell always-on. The small cell on/off gain is reduced in high resource utilization condition. 

When cell is always-on, we can observe the difference between common link adaptation and separate link adaptation. On the other hand, when small cell on/off is used, the difference between common link adaptation and separate link adaptation is almost zero. The reason is by using small cell on/off, CRS interference in off state cell is reduced and the common link adaptation works well. Therefore, small cell on/off does not require the link adaptation taking into account CRS interference. In reality, the link adaptation taking into account CRS interference could be difficult as multiple outer-loops in short burst of the packet is difficult. To report CRS interference itself in CSI reporting requires multiple CSI reporting with CRS and without CRS, which require some standardization efforts. Small cell on/off does not require such CSI reporting with CRS interference and shows better performance.
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Figure 1: Small cell UE throughput in depending on arrival rate
Table 1: small cell UE throughput in arrival rate=3.1
	Scheme
	Link adaptation(LA)
	Small cell UE throughput
	RU[%]

	
	
	5% CDF 
	LA gain
	on/off gain
	50 % CDF
	LA gain
	on/off gain
	Macro cell
	Small cell

	Small cell always-on
	Common
	11.51
	1.7%
	
	29.97
	8.3%
	
	19
	5.25

	
	Separate
	11.70
	
	
	32.47
	
	
	18.06
	4.98

	Small cell  on/off
	Common
	11.93
	-0.4%
	3.6%
	35.61
	-1.0%
	18.8%
	18.78
	4.7

	
	separate
	11.88
	
	1.5%
	35.25
	
	8.6%
	17.8
	4.68


Table 2: small cell UE throughput in arrival rate=9.1
	Scheme
	Link adaptation(LA)
	Small cell UE throughput
	RU[%]

	
	
	5% CDF 
	LA gain
	on/off gain
	50 % CDF
	LA gain
	on/off gain
	Macro cell
	Small cell

	Small cell always-on
	Common
	6.53
	7.8%
	
	21.0
	7.8%
	
	61.76
	24.99

	
	Separate
	7.04
	
	
	22.63
	
	
	59.52
	23.42

	Small cell  on/off
	Common
	6.87
	2.3%
	5.2%
	23.44
	1.3%
	11.6%
	60.13
	23.05

	
	separate
	7.03
	
	-0.1%
	23.75
	
	4.9%
	58.86
	22.66


The relation between Small Cell ON/OFF and SIB overhead
In above evaluation, SIB overhead was zero. The impact of SIB overhead difference of small cell on/off with common link adaptation (without CRS interference in CSI reporting) is shown in Figure 2. SIB overhead varies among 0%, 1.4% and 3.0%. In small cell always-on, SIB overhead size has large impact to the throughput. In small cell on/off, the SIB overhead size has almost no impact to throughput since off state has no SIB interference. 
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Figure 2: Small cell UE throughput in depending on SIB overhead
3 Summary

This contribution evaluated the small cell on/off related to CRS interference and SIB overhead size. 
Based on the evaluations, we draw following conclusions;
· Small cell on/off does not require the link adaptation with CRS interference and is superior performance compared to always on with link adaptation accounting CRS interference
· Small Cell on/off shows large gain regardless of SIB overhead size
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Annex A – Simulation Assumptions
Table 3  Simulation Assumptions

	Simulation parameters
	Value

	Deployment 
	Scenario 2a
Outdoor small cell cluster, 1 cluster per macro cell area
4 small cells per cluster

	Layout
	7 cell sites – 21 macro cells (ISD 500m) with wrap around techniques

	Channel model
	based on [1]

	Tx power
	Small cell   30dBm 

	Traffic load
	Resource utilization of most loaded layer is {20%(λ=3.1), 60%(λ=9.1)}

	Traffic model
	FTP model1

	PDCCH overhead
	2 symbols

	CRS overhead
	4 subframes in BCT with 2 CRS ports

	Cell association
	RSRP for intra-frequency and RSRQ for inter-frequency
RSRQ + bias with realistic buffer, Bias of 0 dB

	Time scale 
	15ms (for OFF to ON), 0ms (for ON to OFF)


Annex B – Simulation results on throughput of all UEs
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Figure 3: all UE throughput in depending on arrival rate

Table 4: all UE throughput in arrival rate=3.1

	Scheme
	Link adaptation(LA)
	All UE throughput
	RU[%]

	
	
	5% CDF 
	LA gain
	on/off gain
	50 % CDF
	LA gain
	on/off gain
	Macro cell
	Small cell

	Small cell always-on
	Common
	9.84
	2.2%
	
	27.61
	6.7%
	
	19
	5.25

	
	Separate
	10.06
	
	
	29.47
	
	
	18.06
	4.98

	Small cell  on/off
	Common
	9.91
	2.7%
	0.7%
	29.83
	3.6%
	8.0%
	18.78
	4.7

	
	separate
	10.18
	
	1.2%
	30.89
	
	4.8%
	17.8
	4.68


Table 5: all UE throughput in arrival rate=9.1
	Scheme
	Link adaptation(LA)
	All UE throughput
	RU[%]

	
	
	5% CDF 
	LA gain
	on/off gain
	50 % CDF
	LA gain
	on/off gain
	Macro cell
	Small cell

	Small cell always-on
	Common
	4.65
	7.1%
	
	17.90
	7.7%
	
	61.76
	24.99

	
	Separate
	4.98
	
	
	19.27
	
	
	59.52
	23.42

	Small cell  on/off
	Common
	4.83
	5.6%
	3.9%
	19.51
	2.8%
	9.0%
	60.13
	23.05

	
	separate
	5.10
	
	2.4%
	20.06
	
	4.1%
	58.86
	22.66
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