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1 Introduction
In RAN Plenary #47 [1], it was agreed to study enhanced ICIC Techniques that are Release 8/9 compatible (i.e. that are backwards compatible with Release 8/9 UEs). This contribution shows dynamic system simulations results for a HetNet scenario comprising of co-channel macro-eNBs and Relays (and/or pico-cells) serving UEs with the Rel-8 control channels (PDCCH) turned on. In this document, the relays simulations are done with both in-band and out-of-band, and noting that out-of-band results are also applicable to pico-cells.

The dynamic system simulation results lead to the following conclusion: 

The Rel-8 control channel (PDCCH) design works satisfactorily for HetNets with eNBs and both Relays and Pico cells.
2 Release 8 Control Channel (PDCCH) Performance - Simulations
Dynamic system simulations were performed with the control channels (PDCCH) turned ON to explore the co-channel HetNet performance (Macro-eNB and inband and out-of-band relays). The detailed system simulation assumptions follow the Relay channel models agreed in RAN1 [3][4]. Additional assumptions are given in Annex A 

System simulation results for Networks with Relays with explicitly modeled PDCCH for ‘n=2’
 an ‘n=3’ are shown in Table 1.  Results are included for both Inband and Outband Relays.  The out-of-band relay results are also applicable to Pico cells. 

· Inband Relay: Performance loss with Rel-8 PDCCH was at most ~ 2% 

· Outband Relay: Performance loss with Rel-8 PDCCH was at most ~ 5% 

· For HeNB, it is FFS to see if Rel-8 control is already adequate for the co-channel situation.
Table 1 – Network Performance with Relays with/without Explicit PDCCH modeling*

	Deployment Scenario and Relay Type
	 
	Throughput (kbps) with RNs ON

	
	 
	CCH ON
	CCH OFF

	
	 
	n=2
	n=3
	n=2
	n=3

	Case 1 Outband
	Sector
	85232
	78028
	86983
	79075

	
	5%-ile
	403
	364
	405
	368

	Case 1 Outband,            3dB boost, 3dB deboost
	Sector
	89655
	81927
	91401
	83092

	
	5%-ile
	535
	484
	566
	514

	Case 3 Outband
	Sector
	121180
	111860
	111350
	101227

	
	5%-ile
	213
	192
	218
	198

	Case 1 Inband
	Sector
	31400
	 
	31432
	 

	
	5%-ile
	228
	 
	229
	 

	Case 1 Inband,             3dB boost, 3dB deboost
	Sector
	31784
	 
	31814
	 

	
	5%-ile
	210
	 
	212
	 

	Case 3 Inband
	Sector
	31770
	 
	32037
	 

	
	5%-ile
	138
	 
	138
	 


* Note ‘n=3 ‘CCH OFF” results are estimated from ‘n=2’ ‘CCH OFF” results.

Table 2 – Network Performance without Relays with/without Explicit PDCCH modeling

	Deployment Scenario
	 
	Throughput (kbps) with RN OFF

	
	 
	CCH ON
	CCH OFF

	
	 
	n=2
	n=3
	n=2
	n=3

	Case 1
	Sect
	27686
	25282
	27743
	25329

	
	5%ile
	219
	195
	220
	197

	Case 3
	Sect
	22939
	21292
	23297
	21278

	
	5%ile
	107
	92
	110
	98


3 Conclusion 
Based on extensive simulations, the Rel-8 control channel (PDCCH) design works satisfactorily for HetNets with eNBs and both Relays and Pico cells.
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Annex A: simulation assumptions
Table 3 – Simulation assumptions

	Parameter
	Assumption/Value

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

	Relay layout
	0 RN cell (baseline) or 4/10 cells per macro eNB cell, not wrapped‑around

	Inter-site distance (ISD)
	500 m (DS case 1), 1732 m (DS case 3 suburban unless otherwise specified), 

	Distance-dependent path loss for eNB(UE1
	Per latest agreed model in RAN1,  TR 36.814 v1.6.0 (Case 3 is suburban)

	Distance-dependent path loss for eNB(RN
	Per latest agreed model in RAN1,  TR 36.814 v1. 6.0

	Distance-dependent path loss for RN(UE2
	Per latest agreed model in RAN1,  TR 36.814 v1. 6.0

	Lognormal Shadowing 
	As modeled in UMTS 30.03, B 1.4.1.4

	Shadowing standard deviation: macro to UE
	8 dB

	Shadowing standard deviation: macro to RN
	6 dB

	Shadowing standard deviation: relay to UE
	10 dB

	Correlation distance of Shadowing
	50 m

	Shadowing correlation
	Between sites
	0.5

	
	Between cells per site
	1.0

	Penetration loss from macro to UE
	20 dB

	Penetration loss from macro to RN
	0 dB

	Penetration loss from relay to UE
	20 dB

	Carrier frequency
	2 GHz

	Bandwidth
	10 MHz

	Subcarrier spacing
	15 kHz

	Resource block size
	180 kHz (12 subcarriers)

	Subframe duration
	1.0 ms

	Number of OFDM symbols per subframe
	14 (11 used for data, 2 for control (n=2), 1 for RS overhead, 10 for data on the backhaul)

	Channel model
	Typical Urban (TU) used for PDSCH 

	UE deployment
	1425 UEs over 57 cells (uniform random spatial distribution over the network)

	Minimum distance between UE and BS
	35 m

	Minimum distance between relays
	40 m for Case 1 with 10 RNs/cell, 70m for all others

	Frequency reuse factor
	1

	Hybrid ARQ scheme
	IR , Chase combining (asynchronous) (2/3<MCS<4.8), 16 levels

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

	Hybrid ARQ round trip delay for RN backhaul
	10 ms

	Thermal noise density
	-174 dBm/Hz

	Antenna pattern for macro eNBs (horizontal)
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 = 70 degrees, Am = 25 dB  (70 degree horizontal beamwidth)

	Antenna pattern for backhaul receive antennas at the RN (horizontal)
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 = 70 degrees, Am = 20 dB  (70 degree horizontal beamwidth)

	Antenna pattern for relays to UEs (horizontal)


	Omni, 0dB for all directions

	Antenna pattern for macro eNBs (vertical)
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 = 10 degrees,  SLAv = 20 dB

	Antenna pattern for relays (vertical)
	Vertical pattern off

	Total macro BS TX power
	40 Watts, 46 dBm 

	Total relay TX power
	30 dBm (DS Case 1), 37 dBm (DS Case 3)

	BS antenna gain (incl. cable loss)
	14 dBi 

	Relay antenna gain (incl. cable loss)
	7 dBi (for Rx/Tx with eNB) and 5 dBi (for Rx/Tx with UE2)

	BS and relay transmitter to UEs
	2 antennas

	Relay receiver from BS
	4 antennas

	UE speed 
	3 km/h

	UE receiver
	2 antennas

	UE antenna gain
	0 dBi

	UE noise figure
	9 dB

	RN noise figure
	5 dB

	CQI feedback delay
	3 ms

	CQI subband size
	180 kHz (12 subcarriers)

	CQI quantization
	5 bits per value/subband

	CQI feedback cycle
	2 ms

	CQI Error
	1dB for low SINR and 0.5 for high SINR

	Traffic type
	Full buffer for BS

	Scheduler
	Time and frequency selective Proportional Fair scheduler

	UE Channel Estimation
	Non Ideal

	Simulation drops
	3

	Interference modeling
	Frequency selective interference from all eNBs/RNs, top 15 interferers with both frequency/spatial selective interference and fast fading

	Link to System Mapping
	MMIB

	Control channel model
	Ideal/realistic

	Control channel scheduling min SINR
	-10 dB

	# of PDCCH symbols
	2 or 3

	# of used PDCCH REGs
	243 (27 CCEs) for n=2

	Link to system level interface
	K=7 Convolutional Coder (PDCCH), MMIB (PDSCH)

	Max # UEs scheduled per subframe
	10

	UE Channel Estimation
	Non Ideal

	Simulation drops
	3

	
	


More on PDCCH modeling assumptions: SFBC without precoding was used for PDCCH transmission, PCFICH and PHICH borrow 12% of the PDCCH power on the first control symbol, at most 3 dB intra-PDCCH power offset (i.e. the maximum power imbalance within one PDCCH) was used, at most 3 dB PDCCH REG power boosting was assumed, and at most 3 dB PDCCH REG power deboosting was allowed.  Since PDCCH on the first symbol lends power to PCFICH and PHICH, PDCCH on the second symbol may be power boosted to compensate (subject to 3 dB boosting limit per REG and total power constraint, e.g. ∙ 40 W).  See ‎[5] 

 REF _Ref228607271 \r \h 
 \* MERGEFORMAT ‎[6] for relevant discussions.  1, 2, 4, and 8 CCE aggregations can be used. PDCCH CCE to physical RE mapping (including REG interleaving, cell-specific cyclic shift) was per TR 36.211 v8.6.0 ‎[7] .  Note that in the 2 Tx antenna case, half of the RS per antenna are punctured, releasing 3 dB power that was assumed to be used for 1) PCFICH/PHICH (not modeled) if 0 dB RS boosting was simulated, or 2) RS when 3 dB RS power boosting was simulated.







































� Note the ‘n’ is CFI indicated via PCFICH.  That is, ‘n’ is control region size in OFDM symbols.
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