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1. Introduction
In previous meetings, a few ICIC schemes for PDCCH, including both frequency and time domain schemes, have been proposed and discussed. However, comprehensive performance evaluations for these ICIC schemes especially in system level are still not enough. In this contribution, we focus on evaluating the performances related to PDCCH with and without interference management in a Macro-Pico deployment scenario.
2. PDCCH ICIC schemes
We consider a typical case, i.e. control region is located on the foremost three OFDM symbols in a subframe. Figure 1 shows the baseline (without interference management) scheme, in which Macro PDCCH and Pico PDCCH can reuse all available resources in control region except the resources distributed to PCFICH, PHICH and RS.
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Figure 1: Baseline scheme – Full reuse
Figure 2 shows two ICIC schemes we would like to evaluate, i.e. a frequency domain scheme (left) and a time domain scheme (right). In frequency shrinking scheme, Macro PDCCH and Pico PDCCH use a different half of the whole frequency band; while in symbol muting scheme, they fully reuse the first symbol and separately occupy one of the remain two symbols. Therefore, from another point of view, the two schemes can also be called no reuse scheme and partial reuse scheme respectively.
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Figure 2: ICIC schemes – Frequency shrinking (left) and Symbol muting (right)
3. Performance Evaluation
In this contribution, we investigate and evaluate 3GPP case 1 scenario with configuration 1, 4a and 4b for a 10MHz Macro + Pico deployment [1]. 2Tx2Rx antenna configuration is assumed for the downlink transmission of both PDCCH and PDSCH. Range expansion (RE) is considered in our simulation. The results are based on the full buffer traffic model and path loss model 2. More simulation assumptions are summarized in appendix A.
3.1 PDCCH SINR performance
In this section, we investigate the PDCCH performance for the baseline scheme in terms of PDCCH SINR CDF and outage ratio at first. We assume -4 dB as the SINR threshold for 1% BLER for the PDCCH. Then the PDCCH SINR performance for the ICIC schemes will be compared with the baseline scheme.
· Baseline scheme

Figure 3 shows the PDCCH SINR distributions for all UEs in Configuration 4b with 0dB, 3dB, 6dB, 9dB and 25dB RE bias values.
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Figure 3: PDCCH SINR distribution for baseline scheme in Configuration 4b
We can see from Figure 3 that as RE bias value increasing from 0dB to 25dB, the SINR distribution degrades, especially in the lower SINR region. The trends of the SINR distribution of Configuration 1 and 4a are similar to that of Configuration 4b, as shown in Figure B-1 in appendix B.
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Figure 4: PDCCH outage rate performance in Configuration 1, 4a and 4b
Figure 4 shows the PDCCH outage ratio with different RE bias values, under different configurations.

We observe that the increment of RE bias value can worsen the PDCCH SINR performance. This phenomenon is due to the increased interference to the UEs which change from Macro UEs to Pico UEs, and the number of these UEs gets larger as RE bias value increases. It’s noted that Configuration 4b performs relatively good among these three Configurations. The ratio of Pico UE is highest in Configuration 4b. Thus the number of the UEs which change from Macro UEs to Pico UEs is smallest when RE scheme is used. Under the same RE bias value, the increased interference is relatively low in Configuration 4b.
· ICIC schemes
Figure 5 shows the PDCCH SINR distributions in Configuration 4b with ICIC schemes, and 0dB and 9dB RE bias values are applied here.
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Figure 5: PDCCH SINR performance comparison in Configuration 4b
It is observed from Figure 5 that there is a significant improvement in the PDCCH SINR performance when ICIC schemes are used. The reason is that the ICIC schemes trade the resource for the reduction of interference. Additionally, as a no reuse scheme, frequency shrinking is a bit better than symbol muting of partial reuse. It is worth noting that RE scheme (RE bias value is set 9dB) improves the PDCCH SINR performance in high SINR region for the ICIC schemes. As some Macro UEs, especially at cell edge, which observed strong interference from other Macros before, choose Pico as the new serving node when RE scheme is used. Thus the interference from Macro can be greatly reduced for the ICIC schemes.
For Configuration 1 and 4a, the situation is similar and the corresponding simulation results are shown in Figure B-2 in appendix B.
3.2 PDSCH throughput performance
PDCCH carries DCI to tell UE how to correctly receive downlink data, and the control signaling errors may arise in the transmission process. Undoubtedly, the errors will result in serious performance degradation of data channel throughput. 

To evaluate the impact of the PDCCH errors on PDSCH throughput, firstly we obtain PDCCH SNR-BLER curves, as shown in Figure 6. Obviously, the larger the PDCCH scale (from 1 CCE to 8 CCEs), the more reliable of the PDCCH.
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Figure 6: PDCCH BLER performance
In the following evaluation, we assume that Macro and Pico try to distribute all their available CCEs to the scheduled UEs. Through CQI report, the UE with poor channel condition has higher priority to get a PDCCH with larger scale during the distribution. One thing to note is that compared with full reuse scheme, the available resources for symbol muting scheme to transmit PDCCH has a 1/3 reduction, and cut in half for frequency shrinking scheme.
We evaluate the PDSCH throughput performance under four different PDCCH settings. Several RE bias values (0dB, 3dB, 6dB, 9dB, 12dB) are applied here. Additionally, to evaluate fairness among users, the fairness index is calculated as in [8]. The fairness index ranges from 0 to 1, and the larger the value, the better the fairness. The throughput performance results of PDSCH of Configuration 4b are shown in Table 1, and the corresponding results of Configuration 1 and 4a can be found in appendix C.
Table 1 PDSCH throughput (bps/Hz) performance in Configuration 4b
	RE bias
	w/o PDCCH modeling
	w/ PDCCH modeling

full reuse

	
	Average sector
	5% 

worst
	Fairness index
	Average sector
	5%
worst
	Fairness index

	0 dB
	9.9303
	0.0771
	0.6418
	9.8160
	0.0686
	0.6280

	3 dB
	9.7100
	0.0939
	0.6938
	9.5860
	0.0843
	0.6818

	6 dB
	9.6857
	0.0975
	0.7242
	9.3070
	0.0652
	0.7005

	9 dB
	9.3885
	0.0863
	0.7342
	8.8000
	0.0487
	0.6879

	12 dB
	9.3166
	0.0750
	0.6538
	8.3143
	0.0155
	0.5747

	RE bias
	w/ PDCCH modeling

frequency shrinking
	w/ PDCCH modeling

symbol muting

	
	Average sector
	5% 

worst
	Fairness index
	Average sector
	5% 

worst
	Fairness index

	0 dB
	9.5594
	0.0535
	0.6066
	9.7388
	0.0630
	0.6239

	3 dB
	9.4656
	0.0727
	0.6735
	9.6620
	0.0871
	0.6837

	6 dB
	9.3760
	0.0801
	0.7087
	9.5466
	0.0914
	0.7193

	9 dB
	9.2262
	0.0798
	0.7232
	9.3138
	0.0865
	0.7273

	12 dB
	9.0693
	0.0563
	0.6355
	9.1422
	0.0534
	0.6395


As w/o PDCCH modeling can be seen as an ideal case, its PDSCH throughput performance is certainly the best. When no RE scheme is used (i.e. RE bias value is set 0dB), full reuse scheme is better than ICIC schemes in all performance indexes, including average sector throughput, 5% worst throughput and fairness index. This is because that the interference is not so severe with such a low RE bias value, and the performance can be improved when more resources are provided for PDCCH. However, as RE bias value goes on increasing, the interference becomes an important factor to be considered. The gain of biased cell selection with small bias value (<= 6 dB) is observed for cell edge (5% worst) UE throughput. ICIC schemes can provide better performance over w/o ICIC. With regard to ICIC schemes, though symbol muting has a bit worse performance in PDCCH SINR than frequency shrinking, symbol muting achieves better performance in PDSCH throughput. Similar analysis can be made for Configuration 1 and 4a.
From the results, we would like to emphasize that data channel performance loss caused by control channel should be considered, and when RE scheme is used, some ICIC management for control channels should be adopted.
4. Conclusions

In this contribution, we have presented PDCCH and PDSCH performance evaluation results with and without ICIC technology respectively for a Macro-Pico deployment scenario. Based on our simulation results, the following conclusions can be drawn:

· When no RE (range expansion) scheme is used, the resources of the control region can be fully reused by Macro cell and Pico cell as the interference is not too severe, that is, full reuse scheme shows the best performance.

· When RE scheme is used, some ICIC management for control channels should be adopted due to the considerable interference. The optimal bias value is about 6 dB for the two proposed ICIC schemes, between which symbol muting is better than frequency shrinking due to a reasonable compromise between interference and resources.
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Appendix A: Simulation parameters
Table A-1 System simulation parameters

	Parameter
	Assumption

	Cellular layout
	3-sectorized Hexagonal grid with 7 cells wrap-around 

	System frequency
	2GHz carrier, 10 MHz bandwidth

	ISD
	500m (case 1)

	Total Macro Tx power 
	46dBm

	Total Pico Tx power 
	30dBm

	Macro antenna height
	32m

	Pico antenna height
	5m

	UE antenna height
	1.5m

	Pico distribution
	4 Picos/Macro

	UE distribution
	Configuration 1: 25 UEs/Macro

	
	Configuration 4a: 22 UEs/Macro, 2 UEs/Pico

	
	Configuration 4b: 10 UEs/Macro, 5 UEs/Pico

	Traffic model
	Full buffer

	Scheduling algorithm
	Proportional Fair

	Macro antenna gain plus cable loss
	14dBi

	Pico antenna gain plus connector loss
	5dBi

	UE antenna gain
	0dBi

	Thermal Noise Density
	-174 dBm/Hz

	Noise figure at Macro
	5dB

	Noise figure at Pico
	5dB

	Noise figure at UE
	9dB

	Downlink HARQ
	Maximum 4 times retransmissions, Chase combining HARQ

	CQI feedback delay
	5ms for per hop

	Number of Macro antenna
	2 Tx antenna 

	Number of Pico antenna
	2 Tx antenna 

	Number of UE antenna
	2 Rx antenna

	MIMO for data channel
	EBB beamforming

	MIMO for control channel
	SFBC

	Antenna pattern (horizontal)
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	Path-loss model
	Macro to UE
	Model 2:PLLOS(R)= 103.4+24.2log10(R)

PLNLOS(R)= 131.1+42.8log10(R), R in km

Case 1: Prob(R)=min(0.018/R,1)*(1-exp(-R/0.063))+exp(-R/0.063)

	
	Hotzone to UE
	Model 2:PLLOS(R)=103.8+20.9log10(R)

PLNLOS(R)=145.4+37.5log10(R), R in km

Case1:Prob(R)=0.5-min(0.5,5exp(-0.156/R))+min(0.5, 5exp(-R/0.03))

	Penetration loss
	20dB for both Macro to UE and Pico to UE

	Shadowing standard deviation
	Model 2:8dB for Macro to UE
10dB for Pico to UE

	Shadowing correlation
	Between cells
	0.5

	
	Between sectors
	1.0

	Shadowing Correlation distance
	50m

	Fast fading model
	Macro-UE
	ITU Uma

	
	Pico-UE
	See [7]

	Thermal Noise Density
	-174 dBm/Hz

	UE speeds of interest
	120 km/h

	Minimum distance between UE and regular node
	>= 35 meters

	Minimum distance between new node and regular node
	>=75m



	Minimum distance between UE and new node
	> 10m 


	Minimum distance among new nodes
	40 m

	Channel estimation error
	None

	L2S interface
	MI-ESM

	MCS
	29 levels 


Table A-2 Simulation parameters for PDCCH BLER-SINR
	Parameter
	Assumption

	DCI format
	Format 1

	TB size (information + 16 bit CRC)
	50 bit

	Channel coding
	1/3 rate Tailbiting Convolutional Coding with rate matching

	Modulation
	QPSK

	Channel model
	AWGN

	REG size
	4 REs

	CCE size 
	9 REGs

	PDCCH size
	1/2/4/8 CCEs


Appendix B: SINR CDFs for PDCCH in Configuration 1 and 4a
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Figure B-1: PDCCH SINR distribution for baseline scheme in Configuration 1 (left) and 4a (right)
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Figure B-2: PDCCH SINR performance comparison in Configuration 1 (left) and 4a (right)
Appendix C: PDSCH throughput performance in Configuration 1 and 4a
Table C-1 PDSCH throughput (bps/Hz) performance in Configuration 1
	RE bias
	w/o PDCCH modeling
	w/ PDCCH modeling

full reuse

	
	Average sector
	5% 

worst
	Fairness index
	Average sector
	5%
worst
	Fairness index

	0 dB
	8.2862
	0.0391
	0.4016
	8.0252
	0.0270
	0.3775

	3 dB
	8.0135
	0.0478
	0.4626
	7.8163
	0.0416
	0.4444

	6 dB
	7.7892
	0.0568
	0.5308
	7.3638
	0.0388
	0.5048

	9 dB
	7.5790
	0.0543
	0.5673
	7.0782
	0.0319
	0.5259

	12 dB
	7.0710
	0.0414
	0.6220
	6.0162
	0.0091
	0.5339

	RE bias
	w/ PDCCH modeling

frequency shrinking
	w/ PDCCH modeling

symbol muting

	
	Average sector
	5% 

worst
	Fairness index
	Average sector
	5% 

worst
	Fairness index

	0 dB
	7.7044
	0.0178
	0.3484
	7.9462
	0.0221
	0.3710

	3 dB
	7.5389
	0.0292
	0.4189
	7.8080
	0.0373
	0.4407

	6 dB
	7.3583
	0.0279
	0.4876
	7.5387
	0.0381
	0.5105

	9 dB
	7.1443
	0.0322
	0.5262
	7.3941
	0.0430
	0.5463

	12 dB
	6.6683
	0.0302
	0.5821
	6.8452
	0.0360
	0.5993


Table C-2 PDSCH throughput (bps/Hz) performance in Configuration 4a
	RE bias
	w/o PDCCH modeling
	w/ PDCCH modeling

full reuse

	
	Average sector
	5% 

worst
	Fairness index
	Average sector
	5%
worst
	Fairness index

	0 dB
	8.5765
	0.0445
	0.4837
	8.2635
	0.0329
	0.4674

	3 dB
	8.5206
	0.0537
	0.5472
	8.1865
	0.0315
	0.5176

	6 dB
	8.3968
	0.0679
	0.6046
	8.1213
	0.0536
	0.5781

	9 dB
	8.0864
	0.0604
	0.6371
	7.4352
	0.0236
	0.5906

	12 dB
	7.8059
	0.0480
	0.6316
	6.7533
	0.0087
	0.5403

	RE bias
	w/ PDCCH modeling

frequency shrinking
	w/ PDCCH modeling

symbol muting

	
	Average sector
	5% 

worst
	Fairness index
	Average sector
	5% 

worst
	Fairness index

	0 dB
	7.8680
	0.0175
	0.4298
	8.2221
	0.0291
	0.4612

	3 dB
	7.9531
	0.0214
	0.4918
	8.1403
	0.0254
	0.5126

	6 dB
	7.9381
	0.0379
	0.5613
	8.1878
	0.0504
	0.5776

	9 dB
	7.6505
	0.0417
	0.5975
	7.8672
	0.0514
	0.6208

	12 dB
	7.4557
	0.0377
	0.6064
	7.6363
	0.0416
	0.6193
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