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Introduction

In RP-110824 (WID) [1], issues for identifying the scenarios of further enhanced non-CS-based ICIC for LTE were presented and the brief summary is the same as following.

· Based on system performance gains identify the scenarios for which the following UE performance requirements will be specified, in terms of, e.g., number of interferers and their relative levels with respect to the serving cell.
· UE performance requirements to enable significantly improved detection of PCI and system information (MIB/SIB-1/Paging) in the presence of dominant interferers for FDD and TDD systems, and different network configurations (e.g., subframe offset / no-subframe offset).

· UE performance requirements for significantly improved DL control and data detection and UE measurement/reporting in the presence of dominant interferers (including colliding and non-colliding RS, as well as, MBSFN used as ABS, as well as, ABS subframe configurations) for FDD and TDD systems.

· Dominant interference applicable to both macro-pico and CSG scenarios and  with or without handover biasing

In this contribution, we evaluated the system performance between "MeNBs and CSG HeNBs" and between "MeNB and outdoor pico-nodes" under the condition of co-channel deployment. Also, we discussed the scenarios of further enhanced non-CS-based ICIC for LTE based on the results of these simulations.

Scenario of MeNBs and CSG HeNBs

Simulation Assumptions

System Model
The basic simulation assumptions are set according to 3GPP TR 36.814 [2], assuming the dense urban dual stripe model and path loss model 1 for the HeNBs. Some specific parameters are listed in Table 1.

[bookmark: _Ref264651032]Table 1: Dense Urban Dual Stripe Model parameters
	N (number of apartments per row)
	10

	M (number of blocks per cell)
	1

	L (maximum number of floors per block)
	6

	R (deployment ratio )
	0.1

	P (activation ratio)
	100%

	Probability of MUE being indoor
	35%



We assumed in the simulation scenarios that maximum and minimum HeNB transmit powers were 20dBm and 0dBm, respectively. Both MeNBs and HeNBs operate in the same 10 MHz bandwidth and full-buffer traffic model is used. There are 30 UEs dropped within each macro geographical area and both MeNBs and HeNBs independently allocate radio resources to their UEs using a time and frequency selective Proportional Fair scheduler. 

HeNB Power Setting
Downlink HeNB power was set according to the method in R4-113320 [3] as agreed in RAN4 #59 meeting. It is explained in the followings.  

· CRS Êc, measured in dBm, is the reference signal received power (RSRP) per resource element present at the Home BS antenna connector received from the co-channel Wide Area BS.
· Ioh, measured in mW, is the total received DL power, including all interference but excluding the own Home BS signal, present at the Home BS antenna connector on the Home BS operating channel.
· 
 is the number of downlink resource blocks in the own Home BS channel.
· 

 is the number of subcarriers in a resource block, .
· The output power, Pout, is the sum of transmits power across all the antennas of the Home BS, with each transmit power measured at the respective antenna connectors.

Table 2: HeNB Output Power for Co-channel E-UTRA Channel Protection
	Input Conditions
	Output power, Pout

	


Ioh (DL) > CRS Êc + 10log10() + [30] dB 

and 

[Option 1]: CRS Êc ≥ -127 dBm 

	
≤ [10] dBm 


	


Ioh (DL) ≤ CRS Êc + 10log10() + [30] dB

and 

[Option 1]: CRS Êc ≥ -127 dBm

	


≤ max (Pmin, min (Pmax, CRS Êc + 10log10() + X ))


[40] dB ≤ X ≤ [90] dB 




HeNB adjusts its maximum DL transmit power according to the output power described in Table 2. Here, the output power is the value determined after considering all of the strongest receiving power of MeNB and the total received DL power (, including all interference but excluding the own HeNB signal) at the HeNB. Also, parameter X that is set to control the output power of HeNB is a value determined from the network side.
In the simulation, X was separately set at 50dB, 60dB, or 70dB and each case was evaluated for its performance.

Coordination for DL Data Channel
In addition, we evaluated time domain cooperative silencing where HeNBs are mute in a fraction of subframes, while MeNBs can transmit in all subframes. In such cooperative silencing, MUEs have coordinated subframes in which significant interference from HeNBs is removed. Consequently, such MUEs experience high fluctuation of interference level subframe-by-subframe. In this case, the baseline is to schedule such MUEs at the coordinated subframes but it is also possible for MeNBs to serve some MUEs at the uncoordinated subframes with an adequately controlled MCS level if the interference from the HeNB is not fatally destructive to those MUEs.
There are three simulation scenarios according to adopted schemes:

· Macro-only deployment
· [bookmark: OLE_LINK1][bookmark: OLE_LINK2]Uncoordinated HeNB deployment: Co-channel deployment where MeNBs and HeNBs transmit in all subframes without any interference coordination
· Uncoordinated HeNB deployment with and without HeNB Power Setting

· Coordinated HeNB deployment: HeNBs are mute in a fraction of subframes (for example, 5 subframes per frame), while MeNBs transmit in all subframes
· Coordinated HeNB deployment with and without HeNB Power Setting

Simulation Results

SINR Distribution

[image: ]
[bookmark: _Ref264815287]Figure 1: UE SINR Distribution in HeNB Deployment with and without HeNB Power Setting

[bookmark: _Ref264815288][image: ]
Figure 2: MUE SINR Distribution in HeNB Deployment with and without HeNB Power Setting

Figure 1 shows that the tail MUEs in HeNB deployment experience severe interference problem caused by CSG HeNBs. 
As shown in Figure 2, more significant SINR degradation occurs to indoor MUEs, especially when they are located in an apartment having a CSG HeNB in it. A large fraction of indoor MUEs experience the control channel decoding problem and they may declare radio link failure. In other words, such MUEs may fail to keep their connectivity without interference coordination.
In Figure 1 and 2, we also provide the performance with HeNB power setting. From the simulation results, we can observe that HeNB power setting can somewhat improve the SINR performance of the tail MUEs. However, as we expected, there occurred a degradation in the performance of SINR of HUEs by controlled the output power of HeNB.
The simulation results of edge (5-percentile) MUE geometry gains under several simulation scenarios are shown in Table 3.

Table 3: 5-percentile MUE Geometry Gain [dB]
	Scenario
	5-percentile MUE Geometry Gain [dB]

	[bookmark: _Hlk300925227]Macro-only deployment
	-3

	HeNB deployment
w/o HeNB Power Setting
	-14

	HeNB deployment
w/ HeNB Power Setting (‘X = 50dB’)
	-5

	HeNB deployment
w/ HeNB Power Setting (‘X = 60dB’)
	-9

	HeNB deployment
w/ HeNB Power Setting (‘X = 70dB’)
	-14



When we look into the results described in Table 3, we can see that the higher value of X is set, the worse performance of 5-percentile MUE Geometry Gain becomes. That is, the higher value of X is set by the network, the higher possibility for HeNB to send a signal to HUE at maximum transmit power turns out to be and consequently MUE will receive a higher level of interference from HeNB.
Therefore, based on the results of 5-percentile MUE Geometry Gain described in Table 3, it is desirable to consider a scenario in which the interference level that MUE receives is about 10dB higher than the receiving signal power from its own serving cell (i.e., MeNB) giving consideration to the worst case, under the condition in which MeNBs and CSG HeNBs are deployed.

Observation 1: Under the condition in which MeNBs and CSG HeNBs are deployed, while we look into the simulation results of the 5-percentile MUE Geometry Gain, it is desirable to consider a scenario in which the interference level that MUE receives is about 10dB higher than the receiving signal power from its own serving cell (i.e., MeNB) relatively giving consideration to the worst case.

Throughput performance
The mean and edge (5-percentile) user throughput are listed in Table 4 and 5, respectively. 
Note that in coordinated HeNB deployment, the number of coordinated subframes where HeNBs stop transmission is fixed as 5 in a heuristic manner and simulation results are expected to be suboptimal.
The results of uncoordinated HeNB deployment with and without HeNB power setting are listed as a reference even though there are large numbers of indoor MUEs experiencing radio link failure as shown in Figure 2.

[bookmark: _Ref264808876]Table 4: Mean User Throughput [kbps]
	Scenario
	All UE
	MUE
	HUE

	Macro-only deployment
	595
	595
	-

	Uncoordinated HeNB deployment
w/o HeNB Power Setting
	24001
	1100
	48568

	Uncoordinated HeNB deployment
w/ HeNB Power Setting (‘X = 50dB’)
	18640
	1113
	37443

	Uncoordinated HeNB deployment
w/ HeNB Power Setting (‘X = 60dB’)
	22653
	1105
	45769

	Uncoordinated HeNB deployment
w/ HeNB Power Setting (‘X = 70dB’)
	23961
	1102
	48483

	Coordinated HeNB deployment
w/o HeNB Power Setting (‘# of ABSs = 5’)
	12310
	1146
	24286

	Coordinated HeNB deployment
w/ HeNB Power Setting (‘# of ABSs = 5’, ‘X = 50dB’)
	9639
	1148
	18748

	Coordinated HeNB deployment
w/ HeNB Power Setting (‘# of ABSs = 5’, ‘X = 60dB’)
	11638
	1145
	22895

	Coordinated HeNB deployment
w/ HeNB Power Setting (‘# of ABSs = 5’, ‘X = 70dB’)
	12287
	1146
	24238



[bookmark: _Ref264818399]Table 5: Edge (5-percentile) User Throughput [kbps]
	Scenario
	All UE
	MUE
	HUE

	Macro-only deployment
	189
	189
	-

	[bookmark: OLE_LINK3][bookmark: OLE_LINK4]Uncoordinated HeNB deployment
w/o HeNB Power Setting
	282
	19
	23561

	[bookmark: OLE_LINK5][bookmark: OLE_LINK6]Uncoordinated HeNB deployment
w/ HeNB Power Setting (‘X = 50dB’)
	344
	247
	18492

	Uncoordinated HeNB deployment
w/ HeNB Power Setting (‘X = 60dB’)
	302
	129
	22869

	Uncoordinated HeNB deployment
w/ HeNB Power Setting (‘X = 70dB’)
	280
	20
	23412

	Coordinated HeNB deployment
w/o HeNB Power Setting (‘# of ABSs = 5’)
	392
	328
	11701

	Coordinated HeNB deployment
w/ HeNB Power Setting (‘# of ABSs = 5’, ‘X = 50dB’)
	391
	322
	9254

	Coordinated HeNB deployment
w/ HeNB Power Setting (‘# of ABSs = 5’, ‘X = 60dB’)
	394
	323
	11426

	Coordinated HeNB deployment
w/ HeNB Power Setting (‘# of ABSs = 5’, ‘X = 70dB’)
	392
	322
	11637



As shown in Table 4 and 5, introducing HeNBs into macro-only deployment generally brought a huge improvement in terms of mean user throughput due to the off-loading effect.
Also, as shown in Table 4 and 5, time domain cooperative silencing significantly improve the 5-pencentile MUE throughput. More detailed values are provided in Table 6 and 7. 

Table 6: Tail MUE Throughput [kbps]
	
	X-percentile MUE Throughput [kbps]

	Scenario
	X=1%
	2%
	3%
	4%
	5%

	Macro-only deployment
	123
	147
	163
	178
	189

	Uncoordinated HeNB deployment
w/o HeNB Power Setting
	0
	0
	0
	2
	19

	Uncoordinated HeNB deployment
w/ HeNB Power Setting (‘X = 50dB’)
	0
	9
	125
	208
	247

	Uncoordinated HeNB deployment
w/ HeNB Power Setting (‘X = 60dB’)
	0
	0
	3
	46
	129

	Uncoordinated HeNB deployment
w/ HeNB Power Setting (‘X = 70dB’)
	0
	0
	0
	3
	20

	Coordinated HeNB deployment
w/o HeNB Power Setting (‘# of ABSs = 5’)
	220
	257
	284
	312
	328

	Coordinated HeNB deployment
w/ HeNB Power Setting (‘# of ABSs = 5’, ‘X = 50dB’)
	217
	254
	281
	301
	322

	Coordinated HeNB deployment
w/ HeNB Power Setting (‘# of ABSs = 5’, ‘X = 60dB’)
	215
	254
	281
	303
	323

	Coordinated HeNB deployment
w/ HeNB Power Setting (‘# of ABSs = 5’, ‘X = 70dB’)
	221
	260
	283
	307
	322



Table 7: Tail Indoor MUE Throughput [kbps]
	
	X-percentile MUE Throughput [kbps]

	Scenario
	X=1%
	2%
	3%
	4%
	5%

	Macro-only deployment
	115
	138
	149
	164
	178

	Uncoordinated HeNB deployment
w/o HeNB Power Setting
	0
	0
	0
	0
	0

	Uncoordinated HeNB deployment
w/ HeNB Power Setting (‘X = 50dB’)
	0
	0
	0
	2
	5

	Uncoordinated HeNB deployment
w/ HeNB Power Setting (‘X = 60dB’)
	0
	0
	0
	0
	0

	Uncoordinated HeNB deployment
w/ HeNB Power Setting (‘X = 70dB’)
	0
	0
	0
	0
	0

	Coordinated HeNB deployment
w/o HeNB Power Setting (‘# of ABSs = 5’)
	217
	265
	306
	320
	341

	Coordinated HeNB deployment
w/ HeNB Power Setting (‘# of ABSs = 5’, ‘X = 50dB’)
	220
	265
	297
	314
	337

	Coordinated HeNB deployment
w/ HeNB Power Setting (‘# of ABSs = 5’, ‘X = 60dB’)
	215
	264
	293
	309
	330

	Coordinated HeNB deployment
w/ HeNB Power Setting (‘# of ABSs = 5’, ‘X = 70dB’)
	219
	262
	295
	315
	331



Note that about 3% of MUEs cannot receive any packet when uncoordinated HeNBs are deployed with deployment ratio of 0.1 and a fraction of indoor MUE is 35%. Even with HeNB power setting, there are still some MUEs which cannot receive any packet, and significant throughput degradation occurs to indoor MUEs. Thus, the problem of MUEs experiencing the throughput outage will be worse if HeNB deployment ratio or indoor MUE ratio is increased in uncoordinated deployment scenarios.
Therefore, under the condition in which MeNBs and CSG HeNBs are deployed, if consideration is given to the simulation results of throughput outage probability of MUEs and edge user throughput, a conclusion could be made that time domain cooperative silencing method would generate performance improvement in the aspect of system performance.
The simulation result of UE throughput CDF according to each of the scenarios that mentioned above is provided in Appendix A.

[bookmark: OLE_LINK9][bookmark: OLE_LINK10][bookmark: OLE_LINK11]Scenario of MeNBs and Outdoor Pico nodes

Simulation Assumptions

System Model
The basic simulation assumptions are set according to the latest 3GPP TR 36.814 [2] summarized in Appendix B.
Here we consider co-channel deployment where outdoor pico nodes for hotzone cells are placed throughout a macro-cell layout. The pico nodes and UEs are deployed according to configuration #1 (uniform placement) and configuration #4b (clustered placement). 4 pico nodes are randomly and uniformly dropped in each macro cell, and 30 UEs are dropped according to each configuration within each macro geographical area.
In particular, outdoor RRH/Hotzone path loss Model 2 described in [2] and fast fading with TU are used. All system simulations are based on 3GPP Case 1 scenario and the corresponding 3D antenna pattern (including vertical pattern) is assumed. Full-buffer traffic model is used and the macro and hotzone cells independently allocate radio resources to their UEs using a time and frequency selective Proportional Fair scheduler.
The serving cell selection is based on best reference signal received power (RSRP). In case of cell range expansion (CRE), a fixed bias value is added to RSRP of the pico nodes and then the cell with best RSRP is chosen as the serving cell.

Almost Blank Subframe (ABS)
We evaluated time domain cooperative silencing where MeNBs are mute in a fraction of subframes (i.e., ABSs), while pico nodes can transmit in all subframes. In such cooperative silencing, pico-UEs have “coordinated” subframes in which significant interference from MeNBs is removed. Consequently, such pico-UEs experience high fluctuation of interference level subframe-by-subframe. In this case, all subframes can be divided into two groups; one with low interference and the other with high interference.

Multiple CSI Reports (Subframe Grouping for CSI Measurements and Reports)
When ABS is adopted, pico-UEs’ CQI/PMI/RI are measured and reported separately depending on the group to which each subframe belongs. A pico-UE generates two CQI/PMI/RI values each of which targets the channel status at each subframe groups. By doing this, it becomes possible to serve a pico-UE at the uncoordinated subframes with an adequately controlled MCS level to cope with the interference from the MeNB (if it is not fatally destructive to the communication of the pico-UE).
There are three simulation scenarios according to adopted schemes:

· Macro-only deployment
· Reuse-1: Conventional co-channel deployment where macro and pico nodes transmit in all subframes.
· Reuse-1 with and without a Biased Serving Cell Selection

· ABS: ABS is adopted. The above-mentioned multiple CSI reports is used, i.e. two CSI reports – one for the coordinated subframes and the other for the uncoordinated subframes – are provided to the pico nodes. 
· ABS with and without a Biased Serving Cell Selection

And the simulations were performed in order to evaluate system performance under each simulation scenario, assuming that {0, 6, 9, 12, 15, 25, 30} dB bias values were given to the pico nodes for serving cell selection. 

Simulation Results

SINR Distribution
First we study the downlink wideband SINR (geometry) with and without a biased serving cell selection. Figure 3 and 4 show SINR distributions when pico nodes and UEs dropped according to the configuration #1 and #4b, respectively. 

[image: ]
Figure 3: UE SINR Distribution in Pico node Deployment with and without Biased Serving Cell Selection (Configuration #1)

[image: ]
Figure 4: UE SINR Distribution in Pico node Deployment with and without Biased Serving Cell Selection (Configuration #4b)

In general, the SINR degradation is observed because of additional interferer (pico nodes). The limited SINR gain in high SINR region is come from a few pico-UEs located close enough to the serving pico node and these pico-UEs overcome harsh interference from MeNBs.
When a biased serving cell selection (i.e., CRE) is adopted, significant SINR degradation occurs in both configurations. This is because newly connected pico-UEs suffer from not only lower transmission power of pico nodes but also harsh interference from the original serving MeNBs. Even in configuration 4b where the most UEs are placed in proximity to the pico nodes and have lower path loss to the serving pico nodes than that to the MeNBs, if the cell selection bias is high, interference from macro cells causes serious performance degradation due to the large difference in transmission power.
Therefore, such coverage expansion of pico nodes should be accompanied with resource coordination (i.e., ABS) so that some resources are reserved for pico-UEs only.

Throughput Performance
Table 8 and 9 show each of the performance gains of both mean and 5% worst user throughput under configuration #1 and #4b according to the various scenarios mentioned above, respectively. In addition, Table 8 and 9 also showed the performance gain according to each scenario with the relative ratio of the performance gain under macro-only deployment scenario.
Especially when performance assessment was conducted under the scenario of ABS with and without a biased serving cell selection, we observed the mean and 5% worst user throughput for each setting, altering ABS value under certain bias values. Here, we assumed in the simulation that the bias values could be {0, 6, 9, 12, 15, 25, 30} dB and ABS values could range from 0 up to 5. 
Table 8 and 9 show only the results of the simulation for ABS value settings that had the highest 5% worst user throughput under certain bias values in the scenario of ABS with and without a biased serving cell selection. The entire results of the simulation are provided in Appendix C, including all the possible combinations of bias values and ABS values in the scenario of ABS with and without a biased serving cell selection.

Table 8: User Throughput [kbps] (Configuration #1)
	Scenario
	Bias [dB]
	0
	6
	9
	12
	15
	25
	30

	Macro-only deployment
	Mean
	856 
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A

	
	
	(1.00)
	
	
	
	
	
	

	
	5% worst
	237 
	
	
	
	
	
	

	
	
	(1.00)
	
	
	
	
	
	

	Reuse-1 w/ and w/o 
a Biased Serving Cell Selection
	Mean
	3293
	3088
	3010
	2968
	2953
	2967
	3004

	
	
	(3.85)
	(3.61)
	(3.52)
	(3.47)
	(3.45)
	(3.47)
	(3.51)

	
	5% worst
	421 
(1.78)
	512
(2.16)
	354
(1.49)
	160
(0.68)
	50
(0.21)
	0
(0.00)
	0
(0.00)

	
	Pico-UE Ratio
	0.44
	0.55
	0.6
	0.65
	0.7
	0.83
	0.88

	ABS w/ and w/o 
a Biased Serving Cell Selection
	# of ABS
	0
	1
	1
	2
	4
	5
	5

	[bookmark: _Hlk301046081]
	Mean
	3293
	3473
	3441
	3684
	4006
	3995
	3924

	
	
	(3.85)
	(4.06)
	(4.02)
	(4.30)
	(4.68)
	(4.67)
	(4.58)

	
	5% worst
	421
(1.78)
	529
(2.23)
	549
(2.32)
	577
(2.43)
	577
(2.43)
	539
(2.27)
	454
(1.92)

	
	Pico-UE Ratio
	0.44
	0.55
	0.60
	0.65
	0.7
	0.83
	0.88



Table 9: User Throughput [kbps] (Configuration #4b)
	Scenario
	Bias [dB]
	0
	6
	9
	12
	15
	25
	30

	Macro-only deployment
	Mean
	868 
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A

	
	
	(1.00)
	
	
	
	
	
	

	
	5% worst
	238 
	
	
	
	
	
	

	
	
	(1.00)
	
	
	
	
	
	

	[bookmark: _Hlk301109805]Reuse-1 w/ and w/o 
a Biased Serving Cell Selection
	Mean
	3851
	3698
	3637
	3613
	3614
	3677
	3735

	
	
	(4.44)
	(4.26)
	(4.19)
	(4.16)
	(4.16)
	(4.24)
	(4.30)

	
	5% worst
	789
(3.32)
	738
(3.10)
	491
(2.06)
	232
(0.97)
	125
(0.53)
	5
(0.02)
	1
(0.00)

	
	Pico-UE Ratio
	0.66
	0.76
	0.81
	0.84
	0.87
	0.93
	0.95

	ABS w/ and w/o 
a Biased Serving Cell Selection
	# of ABS
	0
	2
	3
	4
	5
	5
	5

	[bookmark: _Hlk301104349]
	Mean
	3851
	4438
	4635
	4773
	4881
	4806
	4774

	
	
	(4.44)
	(5.11)
	(5.34)
	(5.50)
	(5.62)
	(5.54)
	(5.50)

	
	5% worst
	789
(3.32)
	1026
(4.31)
	1063
(4.47)
	1055
(4.43)
	1054
(4.43)
	939
(3.95)
	850
(3.57)

	
	Pico-UE Ratio
	0.66
	0.76
	0.81
	0.84
	0.87
	0.93
	0.95



In Table 8 and 9, we can see that the scenario of reuse-1 with and without biased serving cell selection has a considerable gain as compared with the scenario of macro-only deployment in terms of mean user throughput. 
As shown in Table 8 and 9, the scenario of ABS with a biased serving cell selection shows the best output in terms of overall performance among other scenarios. The reason for this kind of simulation result is that, when macro cell sets ABS, the overall resource that allocated to MUEs decreases and the throughput loss of MUEs occurs, but throughput gain of pico-UEs due to ABS setting by macro cells is greater than the throughput loss of MUEs. So it could lead to a significant performance improvement from the perspective of mean user throughput. 
And, if the higher bias value is set, the more UEs will be attached to the pico nodes and thus the remaining macro-UEs can have more resources. Regardless of the above situation, the interference level that pico-UEs receive from macro eNBs becomes higher relatively. However, because of ABS setting of macro cells, interference that pico-UEs receive at ABS from macro eNBs will be removed, and it will lead to the performance improvement from the perspective of edge user throughput.
The results described in Table 8 and 9 show us that the combinations of bias value and ABS value which have the highest edge user throughput performance under configuration #1 and configuration #4b are “15dB bias, # of ABSs = 4” and “9dB bias, # of ABSs = 3”, respectively.
Therefore, when we look into the simulation results of the various combinations of bias value and ABS value, especially in terms of bias value that has the highest edge user throughput, it is desirable to consider a scenario in which the interference level that pico-UEs receives is about 10 dB higher than the receiving signal power level from its own serving cell (i.e., pico eNB) relatively, under the condition that both MeNBs and outdoor pico nodes are deployed.
The simulation results of UE throughput CDF according to the simulation scenarios which mentioned above are provided in Appendix C.

Observation 2:  Looking into the simulation results for the combinations of bias value and ABS value, especially in terms of bias value that has the highest edge user throughput, it is desirable to consider a scenario in which the interference level that pico-UEs receive is about 10dB higher than the receiving signal power from its own serving cell (i.e., pico eNB) relatively, under the condition that both MeNBs and outdoor pico nodes are deployed.

Summary

In this contribution, we evaluated the system performance between "MeNBs and CSG HeNBs" and between "MeNB and outdoor pico-nodes" under the condition of co-channel deployment. And, we discussed the scenarios of further enhanced non-CS-based ICIC for LTE on the basis of the results from these simulations. The following proposals are made based on observation 1 and 2. 

Proposal: Looking into the system performance gains according to the various HetNet deployment scenarios through simulation, it is desirable to consider a scenario of further enhanced non-CS-based ICIC for LTE in which the interference level that UEs receive is about 10dB higher than the receiving signal power from its own serving cell relatively.
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Appendix A: Simulation results for the scenario of MeNBs and CSG HeNBs
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Figure 5: UE Throughput CDF in Uncoordinated HeNB Deployment w/ and w/o HeNB Power Setting
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[bookmark: OLE_LINK12][bookmark: OLE_LINK13]Figure 6: UE Throughput CDF in Coordinated HeNB Deployment w/ and w/o HeNB Power Setting
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Figure 7: UE Throughput CDF in HeNB Deployment w/ and w/o HeNB Power Setting (‘# of ABSs=5’, ‘X=50dB’)


















Appendix B: Simulation parameters for the Scenario of MeNBs and Outdoor Pico nodes

	Parameter
	Assumption/Value

	Simulation scenario
	3GPP Case 1

	Cellular layout
	Hexagonal grid, 19 macro cell sites, 3 cells per site, wrap‑around

	Hotzone deployment
	4 Hotzone nodes per cell, wrap‑around

	Inter-site distance (ISD)
	500 m

	UE deployment
	30 UEs per cell (Configuration 1, 4b)

	Distance-dependent path loss
	TR 36.814 Outdoor RRH/Hotzone Model 2

	Shadowing standard deviation
	Pico to UE
	10 dB

	
	Macro to UE
	8 dB

	Correlation distance of Shadowing
	50 m

	Shadowing correlation Between  cells
	0.5

	Channel model
	TU

	Penetration loss
	Pico to UE
	20 dB

	
	Macro to UE
	20 dB

	Carrier frequency
	2 GHz

	Bandwidth
	10 MHz (50RB)

	Minimum distance between UE and Macro
	35 m

	Minimum distance between UE and Pico
	10 m

	Minimum distance between Pico eNBs
	40 m for Case 1

	Thermal noise density
	-174 dBm/Hz

	Antenna pattern for macro cell
(horizontal)
	


 = 70 degrees, Am = 25 dB  (70 degree horizontal beamwidth)

	Antenna pattern for macro cell
(vertical)
	


 = 10 degrees,  SLAv = 20 dB

	Antenna pattern for Hotzone cell
	Omni-directional

	Total macro TX power
	46 dBm 

	Total pico TX power
	30 dBm

	Macro antenna gain
	14 dBi 

	Pico antenna gain for Pico-UE link
	5 dBi

	UE antenna gain
	0 dBi

	Macro and Pico transmitter to UE
	2 antennas, 0.5 wavelengths separation

	UE receiver
	2 antennas, 0.5 wavelengths separation

	UE speed 
	3 km/h

	UE noise figure
	9 dB

	Pico noise figure
	5 dB

	Traffic type
	Full buffer for BS

	Scheduler
	Time and frequency selective Proportional Fair scheduler

	Downlink link adaptation
	Wideband PMI 
CQI sub-band size: 6 RB
CQI reports: 5 ms
CQI delay: 6 ms
CQI measurement error: N(0,1) per PRB
CQI quantization: 5 bit CQI, 1.2 dB granularity ( -7 ~ 29 dB)
MCSs based on LTE transport formats [36.213]

	Hybrid ARQ
	Incremental Redundancy (IR), Maximum four transmissions,
Initial transmission target FER: 10%

	Hybrid ARQ round trip delay for UE
	8 subframes (8 ms)

	Downlink receiver type
	MMSE

	Channel Estimation
	Non Ideal

	Feedback and control channel errors
	Ideal

	Simulation drops
	3

	Link to System Mapping
	MIESM



Appendix C: Simulation results for the Scenario of MeNBs and Outdoor Pico nodes

Table 10: User Throughput [kbps] (Configuration #1)
	Scenario
	Bias [dB]
	0
	6
	9
	12
	15
	25
	30

	ABS w/ and w/o 
a Biased Serving Cell Selection
	# of ABS
	0

	
	Mean
	3293
	3088
	3010
	2968
	2953
	2967
	3004

	
	5% worst
	421
	512
	354
	160
	50
	0
	0

	
	# of ABS
	1

	
	Mean
	3566
	3473
	3441
	3424
	3402
	3365
	3375

	
	5% worst
	377
	529
	549
	517
	401
	163
	121

	
	# of ABS
	2

	
	Mean
	3798
	3741
	3708
	3684
	3649
	3577
	3564

	
	5% worst
	335
	486
	547
	577
	535
	298
	219

	
	# of ABS
	3

	
	Mean
	3984
	3952
	3914
	3890
	3844
	3738
	3706

	
	5% worst
	295
	425
	502
	561
	575
	400
	303

	
	# of ABS
	4

	
	Mean
	4139
	4127
	4085
	4060
	4006
	3876
	3822

	
	5% worst
	253
	366
	435
	512
	577
	481
	388

	
	# of ABS
	5

	
	Mean
	4281
	4278
	4237
	4208
	4145
	3995
	3924

	
	5% worst
	211
	303
	362
	438
	522
	539
	454

	
	Pico-UE Ratio
	0.44
	0.55
	0.60
	0.65
	0.7
	0.83
	0.88



Table 11: User Throughput [kbps] (Configuration #4b)
	Scenario
	Bias [dB]
	0
	6
	9
	12
	15
	25
	30

	ABS w/ and w/o 
a Biased Serving Cell Selection
	# of ABS
	0

	
	Mean
	3851
	3698
	3637
	3613
	3614
	3677
	3735

	
	5% worst
	789
	738
	491
	232
	125
	5
	1

	
	# of ABS
	1

	
	Mean
	4180
	4157
	4154
	4144
	4146
	4183
	4236

	
	5% worst
	730
	996
	914
	802
	696
	409
	332

	
	# of ABS
	2

	
	Mean
	4442
	4438
	4431
	4414
	4411
	4413
	4438

	
	5% worst
	652
	1026
	1035
	979
	863
	629
	521

	
	# of ABS
	3

	
	Mean
	4641
	4645
	4635
	4614
	4603
	4578
	4579

	
	5% worst
	571
	998
	1063
	1038
	977
	772
	654

	
	# of ABS
	4

	
	Mean
	4800
	4809
	4797
	4773
	4757
	4705
	4688

	
	5% worst
	497
	920
	1056
	1055
	1028
	878
	773

	
	# of ABS
	5

	
	Mean
	4943
	4949
	4934
	4904
	4881
	4806
	4774

	
	5% worst
	407
	803
	1008
	1053
	1054
	939
	850

	
	Pico-UE Ratio
	0.66
	0.76
	0.81
	0.84
	0.87
	0.93
	0.95



[image: ]
Figure 8: UE Throughput CDF for Configuration #1

[image: ]
Figure 9: UE Throughput CDF for Configuration #4b
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