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1 Introduction

Due to the recognized importance of system simulation results for defining eICIC-related requirements, it has been agreed during the #57AH meeting discussions that

· In parallel to link level studies, the group should also evaluate the system performance,
· The interference levels agreed as working assumptions for link simulations can be revisited depending on further system/link level simulations.
This contribution presents updated system-level simulation results for signal strength and quality on CRS resource elements of the serving cell in macro-pico scenarios. The results indicate the expected signal quality of CRS-based measurements bu also for synchronization measurements since the results for non-ABS subframes are provided under the full load assumption. The earlier presented results in [3] were based on the assumption of no shadow fading correlation between cells.
2 System results
The system level assumptions used in this contribution have been presented in [1], with ABS configured only in macro cells.
2.1 Serving cell performance
The results presented in this section reflect the serving cell performance in macro-pico scenarios for three configurations [1]:
· Configuration #4b(4) – 4 pico nodes per macro cell area, clustered UE distribution,
· Configuration #4b(10) – 10 pico nodes per macro cell area, clustered UE distribution,
· Configuration #1(4) – 4 pico nodes per macro cell area, non-clustered UE distribution, 
· Configuration #1(10) – 10 pico nodes per macro cell area, non-clustered UE distribution.
For each configuration, the results are shown for (macro) inter-site distance (ISD) of 500 m and 1732 m and three cell selection offset levels, 0 dB, 3 dB, and 6 dB. Further, to allow for characterizing performance statistics by layers, the results are presented separately for macro UEs (connected to macro) and pico UEs (connected to pico), and also for over all UEs in the network.
The following performance metrics are presented for CRS-based measurements:

· 5%-ile of received energy per CRS RE (Ês);
· 5%-ile of received energy per CRS RE over the received power spectral density of the total noise and interference for the certain CRS RE (Ês/Iot),
· on REs with full load (e.g., non-ABS subframes or CCH region),

· on REs in ABS, assuming random PCI planning;
· 90%-ile of absolute difference between Ês/Iot in non-ABS CRS and ABS CRS for the same UE.
The results are summarized in Tables 1-4. Signal quality levels below -5 dB are indicated in red.
Table 1. Serving-cell results for configuration #4b(4), 24 dBm pico nodes
	Configuration
	ISD,

[m]
	Offset, [dB]
	UEs
	CRS 
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	5%-ile 
	90%-ile absolute difference between non-ABS and ABS (per UE)

	
	
	
	
	
	Non-ABS or
CCH region
	ABS
	

	#4b(4)


	500
	0
	All
	-108,7758
	-3,0376
	1,2122
	22,4064

	
	
	
	Macro
	-108,3181
	-2,9301
	1,6227
	23,7297

	
	
	
	Pico
	-110,2045
	-3,2639
	0,5674
	15,2330

	
	
	3
	All
	-109,2700
	-3,8899
	0,5316
	21,0171

	
	
	
	Macro
	-107,4915
	-2,0603
	3,0392
	23,4789

	
	
	
	Pico
	-111,2811
	-5,4535
	-2,4734
	16,0128

	
	
	6
	All
	-109,7121
	-6,5866
	-2,6756
	20,3752

	
	
	
	Macro
	-106,5888
	-1,1133
	4,0775
	23,3136

	
	
	
	Pico
	-112,3403
	-8,1616
	-4,3872
	17,2028

	
	1732
	0
	All
	-121,0212
	-3,4527
	-0,9045
	18,0915

	
	
	
	Macro
	-123,2649
	-4,7254
	-1,8590
	19,5469

	
	
	
	Pico
	-116,4291
	-1,1700
	0,7507
	16,0958

	
	
	3
	All
	-121,2312
	-3,8453
	-1,4514
	17,8037

	
	
	
	Macro
	-123,8155
	-4,8546
	-2,2011
	18,7609

	
	
	
	Pico
	-117,4471
	-3,1614
	-0,9032
	16,8583

	
	
	6
	All
	-121,7092
	-5,3821
	-2,7633
	17,7682

	
	
	
	Macro
	-124,3899
	-4,9516
	-2,5063
	18,1914

	
	
	
	Pico
	-119,3131
	-5,7404
	-2,9578
	17,3252


Table 2. Serving-cell results for configuration #4b(10), 30 dBm pico nodes
	Configuration
	ISD,

[m]
	Offset, [dB]
	UEs
	CRS 
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	5%-ile 
	Absolute difference between non-ABS and ABS (per UE), 90%-ile

	
	
	
	
	
	Non-ABS or

CCH region
	ABS
	

	#4b(10)


	500
	0
	All
	-103,9863
	-3,7909
	0,1450
	19,0618

	
	
	
	Macro
	-104,2627
	-3,6554
	0,3910
	20,2764

	
	
	
	Pico
	-103,6303
	-3,8639
	-0,1825
	17,7430

	
	
	3
	All
	-104,3882
	-4,5167
	-0,9448
	18,6155

	
	
	
	Macro
	-103,5128
	-2,3630
	2,7220
	20,6545

	
	
	
	Pico
	-105,0370
	-5,4699
	-1,9794
	17,3668

	
	
	6
	All
	-105,7135
	-6,5692
	-2,8215
	18,4599

	
	
	
	Macro
	-102,4180
	-1,1381
	5,5802
	19,8578

	
	
	
	Pico
	-106,4915
	-7,1841
	-3,6612
	17,3779

	
	1732
	0
	All
	-118,3181
	-3,2433
	-0,2358
	18,6116

	
	
	
	Macro
	-121,5745
	-4,6535
	-1,7712
	20,8667

	
	
	
	Pico
	-115,5936
	-1,7802
	0,6642
	17,6285

	
	
	3
	All
	-118,4616
	-3,8878
	-0,9671
	18,4524

	
	
	
	Macro
	-121,3058
	-4,1325
	-1,2664
	20,3727

	
	
	
	Pico
	-117,5333
	-3,8635
	-0,8778
	17,7660

	
	
	6
	All
	-119,1058
	-5,6159
	-2,1695
	18,6116

	
	
	
	Macro
	-120,8065
	-3,5436
	-0,7944
	19,8346

	
	
	
	Pico
	-118,6300
	-6,2902
	-2,8826
	18,0891


Table 3. Serving-cell results for configuration #1(4), 24 dBm pico nodes
	Configuration
	ISD,

[m]
	Offset, [dB]
	UEs
	CRS 
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	5%-ile 
	90%-ile absolute difference between non-ABS and ABS (per UE)

	
	
	
	
	
	Non-ABS or

CCH region
	ABS
	

	#1(4)

	500
	0
	All
	-109,4357
	-2,6576
	1,0634
	21,8060

	
	
	
	Macro
	-109,4734
	-2,5422
	1,3310
	22,2320

	
	
	
	Pico
	-108,5314
	-3,5393
	0,2341
	14,6793

	
	
	3
	All
	-109,4734
	-3,3207
	0,7397
	21,7172

	
	
	
	Macro
	-109,4357
	-2,1369
	2,3449
	22,2612

	
	
	
	Pico
	-110,9309
	-5,6115
	-2,4651
	14,8541

	
	
	6
	All
	-110,3809
	-5,4288
	-0,5258
	21,7437

	
	
	
	Macro
	-108,5341
	-1,7390
	2,9831
	22,6591

	
	
	
	Pico
	-114,9645
	-8,7680
	-5,1449
	15,6309

	
	1732
	0
	All
	-124,0753
	-4,9449
	-2,5889
	14,7124

	
	
	
	Macro
	-124,4491
	-4,9449
	-2,5983
	14,5885

	
	
	
	Pico
	-123,1998
	-5,4086
	-3,0311
	15,4609

	
	
	3
	All
	-124,4719
	-5,4191
	-3,0311
	14,7002

	
	
	
	Macro
	-124,0753
	-4,8773
	-2,5709
	14,6067

	
	
	
	Pico
	-125,6369
	-7,6003
	-5,6722
	14,4854

	
	
	6
	All
	-124,6006
	-6,3431
	-3,7477
	14,7002

	
	
	
	Macro
	-123,8033
	-4,6440
	-2,5161
	14,6067

	
	
	
	Pico
	-128,6632
	-11,0916
	-8,0990
	14,4854


Table 4. Serving-cell results for configuration #1(10), 30 dBm pico nodes
	Configuration
	ISD,

[m]
	Offset, [dB]
	UEs
	CRS 
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	5%-ile 
	90%-ile absolute difference between non-ABS and ABS (per UE)

	
	
	
	
	
	Non-ABS or

CCH region
	ABS
	

	#1(10)

	500
	0
	All
	-106,1684
	-4,3067
	0,1502
	18,8125

	
	
	
	Macro
	-105,9435
	-3,9065
	0,9939
	20,0230

	
	
	
	Pico
	-107,0686
	-4,8361
	-0,5188
	15,3966

	
	
	3
	All
	-106,7871
	-5,2275
	-0,8174
	18,4907

	
	
	
	Macro
	-105,5854
	-2,4731
	2,9314
	20,6640

	
	
	
	Pico
	-108,0619
	-6,2112
	-2,2539
	15,3966

	
	
	6
	All
	-107,5175
	-6,8662
	-2,3447
	18,2630

	
	
	
	Macro
	-103,6416
	-1,3191
	4,9241
	20,8553

	
	
	
	Pico
	-110,5511
	-7,8608
	-4,2062
	15,9118

	
	1732
	0
	All
	-122,6691
	-5,4413
	-2,2513
	14,7379

	
	
	
	Macro
	-123,3676
	-5,6999
	-2,3382
	14,6558

	
	
	
	Pico
	-120,9737
	-5,0845
	-1,7234
	14,7060

	
	
	3
	All
	-123,0328
	-6,2266
	-2,9519
	14,2753

	
	
	
	Macro
	-122,4321
	-4,8451
	-1,9615
	14,6558

	
	
	
	Pico
	-124,4296
	-7,6161
	-4,1623
	14,1283

	
	
	6
	All
	-124,6006
	-8,3663
	-5,4256
	14,6214

	
	
	
	Macro
	-122,0552
	-4,2007
	-1,5859
	15,5141

	
	
	
	Pico
	-126,2315
	-9,9770
	-7,2028
	14,0540


From Tables 1-4, the following general observations can be made.
Observation 1: There is a large variation in CRS Ês/Iot levels among non-ABS and ABS subframes,

· may significantly impact Rel-8/9 UEs, particularly if ABS are configured often,

· due to the large variation, even UEs that do not suffer from very poor signal quality, may need to be aware of the pattern reflecting periodical interference variation,
· more UEs suffer from the large interference variation when the UE distribution is clustered (e.g., in #4b(4) and #1(4) ).
Observation 2: In some scenarios CRS Ês/Iot in non-ABS are below -6 dB and a similar SINR level is expected in the same scenarios for PSS/SSS (given no subframe shifts are used), which is the detection level down to which the existing intra-frequency cell identification requirements are applicable in Rel-8/9, 

· 0 dB and 3 dB offsets provide signal quality levels that are feasible from the detection point of view for Rel-8/9 receivers, given that the requirements are common for DRX and non-DRX states.
Observation 3: With large macro cells, the 6 dB cell offset approaches the minimum required signal strength, which is further limiting the possibility of increaseing the cell selection offset.

3 Summary

System-level simulation results for CRS-based measurements have been presented in the paper. The following observations have been made.
Observation 1: There is a large variation in CRS Ês/Iot levels among non-ABS and ABS subframes,

· may significantly impact Rel-8/9 UEs, particularly if ABS are configured often,

· due to the large variation, even UEs that do not suffer from very poor signal quality, may need to be aware of the pattern reflecting periodical interference variation,

· more UEs suffer from the large interference variation when the UE distribution is clustered (e.g., in #4b(4) and #1(4) ).

Observation 2: In some scenarios CRS Ês/Iot in non-ABS are below -6 dB and a similar SINR level is expected in the same scenarios for PSS/SSS (given no subframe shifts are used), which is the detection level down to which the existing intra-frequency cell identification requirements are applicable in Rel-8/9, 

· 0 dB and 3 dB offsets provide signal quality levels that are feasible from the detection point of view for Rel-8/9 receivers, given that the requirements are common for DRX and non-DRX states.

Observation 3: With large macro cells, the 6 dB cell offset approaches the minimum required signal strength, which is further limiting the possibility of increaseing the cell selection offset.

Proposal 1: It is proposed that the presented system-level results are taken into account when defining requirements for eICIC.
Proposal 2: Further studies may be needed to identify interference levels for neighbour cells since the presented results are only for the serving cell.
Propose 3: Discuss the impact of the large interference variation in ABS and non-ABS subframes on legacy UEs that will be subject to highly varying in a periodic manner interference with the introduction of ABS.
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