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1. Introduction
It is important that heterogeneous network (Het NW) deployments are effectively supported in LTE-Advanced [1]-[5]. In [4] and [5] we evaluated the uplink (UL) performance of LTE Release-8 in Het NW deployments under the two serving cell selection schemes and presented that pathloss (PL) based serving cell selection can potentially provide significant higher UL performance gain than that of received power (RP) based serving cell selection. However, in [6] we clarified that the deep penetration PDCCH [7] which solves the PDCCH performance deterioration due to different maximum transmission powers between Macro-nodes and Hotzone-nodes is needed to realize PL based serving cell selection.

In this contribution, we assume that Macro-nodes transmit PDCCH to Hotzone user equipments (HUEs) on behalf of Hotzone-nodes (hereafter we call this scheme “the extended PDCCH transmission scheme”) in order to solve the PDCCH performance problem. By evaluating UL performance in Het NW deployment, we clarify the effectiveness of this scheme.
2. PDCCH Transmission Scheme
First we show details of the extended PDCCH transmission scheme (Please see Fig. 1 and 2).
1. A Hotzone-node schedules PUSCH grant for a HUE and sends the scheduling information to a Macro-node via X2 interface

2. The Macro-node transmits PDCCH indicating the scheduling information to the HUE

3. The HUE receives PDCCH from the Macro-node and transmits PUSCH to the Hotzone-node

4. the Hotzone-node receives PUSCH from the HUE and sends Ack/Nack information to the Macro-node via X2 interface

5. The Macro-node transmits PHICH to the HUE

To realize this scheme, the functions described below are needed.
· X2 interface supporting scheduling information and Ack/Nack information

· Reception of PDCCH/PHICH from a non-serving cell

· Larger number of subframes between PUSCH and corresponding PHICH than that specified in current specifications (4 subframes in FDD)
· Sufficient number of HARQ processes for large HARQ re-transmission interval due to X2 delay (this is not necessary but a lack of HARQ process may cause a deterioration of peak data rate and spectral efficiency due to a loss of scheduling opportunity)
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Fig. 1 Configuration of the extended PDCCH transmission scheme           Fig. 2 PUSCH transmission process

3. Simulation
Here we show the simulation assumptions and parameters in Table 1 – 4. These are based on [8] and [9] except the assumptions marked with †. For Hotzone-nodes and UE deployment, the configuration 1 defined in Table A.2.1.1.2-3 of [8] is evaluated and 5 drops are simulated. We consider the coexistence of Macro- and Hotzone-cells. For the sake of simplicity, we approximate the interference from the UEs outside of the strongest 21 cells on each serving cell selection criterion by 1-ray fading. We assume an adequate number of HARQ processes to avoid a loss of scheduling opportunity due to a lack of HARQ processes. Since UEs exist within the PDCCH coverage area, no PDCCH reception error is considered.
Based on these simulation assumptions, we evaluate the UL performance gain of PL based serving cell selection using the extended PDCCH transmission scheme with X2 delay of 0/ 5/ 10/ 20 ms which causes delay of scheduling information and Ack/ Nack information from Hotzone-nodes to Macro-nodes, and compare it with the performance gain of RP based serving cell selection.
Table 1. 3GPP Case 1 (Macro-cell) system simulation baseline parameters.
	Parameter
	Assumption

	Cellular layout
	Hexagonal grid, 7 cell sites, 3 sectors per site†

	Inter-site distance
	500 m

	Distance-dependent path loss
	L=128.1 + 37.6log10R, R in km

	Shadowing standard deviation
	8 dB

	Shadowing correlation
	Between cells
	0.5

	
	Between sectors
	1.0

	Penetration loss
	20 dB

	Antenna pattern (horizontal)

(For 3-sector cell sites with fixed antenna patterns)
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	Antenna pattern (vertical)

(For 3-sector cell sites with fixed antenna patterns)
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BS antenna height is set to 32 m.

	Combining method in 3D antenna pattern
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	Channel model
	Typical Urban

	Number of BS RX antennas
	2

	Total BS TX power (Ptotal)
	46 dBm

	BS antenna gain after cable loss
	14 dBi

	BS noise figure
	5 dB

	Antenna bore-sight points toward flat side of cell (for 3-sector sites with fixed antenna patterns)
	


	Minimum distance between UE and cell
	>= 35 m


Table 2.  Heterogeneous system simulation baseline parameters.
	Parameter
	Assumption

	Nodes per macro-cell
	1, 2, 4 or 10

	Distance-dependent path loss from new nodes to UE
	L=140.7 + 36.7log10R, R in km

	Shadowing standard deviation
	10 dB

	Shadowing
correlation
	Between cells
	0.5

	
	Between sectors
	N/A

	Penetration loss
	20 dB

	Antenna pattern (horizontal)
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	Channel model
	Typical Urban

	Total BS TX power (Ptotal)
	30 dBm

	Number of BS RX antennas
	2

	Antenna gain + connector loss
	5 dBi

	Minimum distance between new node and regular node
	>= 35 m

	Minimum distance between UE and new node
	> 10 m

	Minimum distance among new nodes
	 > 40 m†


Table 3.  Other simulation parameters.
	Parameter
	Value

	Duplex method
	FDD

	Carrier frequency
	2.0 GHz

	System bandwidth
	10 MHz

	Bandwidth configuration
between macro-cell and new node-cell
	Co-channel

	Inter-cell interference modeling
	Explicit modeling (all cells occupied by UEs)

	UE speeds of interest
	3 km/h

	Number of UE TX antennas
	1

	UE power class
	23 dBm (200 mW)

	UE antenna gain
	0 dBi

	Traffic model
	Full buffer

	Scheduling algorithm
	Proportional fairness

	UL receiver type
	Maximum ratio combining

	UL power control
	Open loop with fractional path loss compensation
(PO=-80dBm, alpha=0.8)*

	HARQ scheme
	HARQ-IR, up to 5 re-transmission

	Link adaptation
	SINR estimation with 4ms delay, 5ms SRS period

	PDCCH reception
	Ideal

	Channel estimation
	Ideal

	Number of resource blocks for PUCCH
	6

	Link to system mapping
	EESM, same 
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 value for all MCS


* PO=-90dBm in [4]-[6] is misdescription.
Table 4.  Placing of new nodes and UEs.

	Configuration
	UE density across
macro cells*
	UE distribution
within a macro
cell
	New node
distribution
within a macro cell
	Comments

	1
	Uniform

25/macro cell
	Uniform
	Uncorrelated
	Capacity enhancement


* New node density is proportional to the UE density in each macro cell. UE density is defined as the number of UEs in the geographic area of a macro-cell.
4. Simulation Results
The UL user throughputs (5% worst / median / mean) are shown in Table 5 and the cumulative distribution functions (CDFs) of the UL user throughput and the fraction of users served by Macro-cells and Hotzone-cells are shown in Fig. 3 and 4, respectively. The parenthetical values in Table 5 indicate the performance gain over the Macro only deployment.

Table 5 shows that the performance gain is deteriorated as X2 delay increases in PL based serving cell selection. This is because optimum MCS selection and scheduling are destroyed by scheduling delay due to X2 delay. However, PL based serving cell selection provides significant higher performance gain than RP based serving cell selection even if X2 delay is equal to 20ms (this means scheduling delay is equal to 24ms). This is because the efficient load-balancing is achieved by dispersion of users into the Hotzone-nodes as shown in Fig. 4 and the optimal link with minimum PL is used.
Table 5. User throughput.
	Serving cell selection
	RP based
	PL based (X2 delay: 0ms)

	User throughput
[kbps] (Gain)
	5% worst
	Median
	Mean
	5% worst
	Median
	Mean

	Macro only
	79
	501
	467
	79
	501
	467

	1 Hotzone
	83(6%)
	532(6%)
	568(22%)
	118(50%)
	615(23%)
	707(51%)

	2 Hotzones
	90(14%)
	567(13%)
	660(41%)
	165(110%)
	776(55%)
	923(98%)

	4 Hotzones
	105(34%)
	644(29%)
	842(80%)
	352(348%)
	1188(137%)
	1303(179%)

	10 Hotzones
	221(182%)
	936(87%)
	1360(192%)
	898(1042%)
	2090(317%)
	2145(360%)


	Serving cell selection
	PL based (X2 delay: 5ms)
	PL based (X2 delay: 10ms)

	User throughput
[kbps] (Gain)
	5% worst
	Median
	Mean
	5% worst
	Median
	Mean

	Macro only
	79
	501
	467
	79
	501
	467

	1 Hotzone
	117(48%)
	610(22%)
	691(48%)
	115(46%)
	607(21%)
	678(45%)

	2 Hotzones
	161(104%)
	763(53%)
	898(92%)
	158(101%)
	757(51%)
	876(88%)

	4 Hotzones
	347(342%)
	1153(130%)
	1264(171%)
	342(335%)
	1127(125%)
	1228(163%)

	10 Hotzones
	891(1033%)
	2016(303%)
	2071(344%)
	896(1038%)
	1956(291%)
	2004(330%)


	Serving cell selection
	PL based (X2 delay: 20ms)

	User throughput
[kbps] (Gain)
	5% worst
	Median
	Mean

	Macro only
	79
	501
	467

	1 Hotzone
	113(43%)
	603(20%)
	655(40%)

	2 Hotzones
	154(96%)
	745(49%)
	837(79%)

	4 Hotzones
	342(334%)
	1073(114%)
	1164(149%)

	10 Hotzones
	874(1010%)
	1842(268%)
	1898(307%)
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           (a) 1 Hotzone


(b) 2 Hotzones
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           (c) 4 Hotzones


(d) 10 Hotzones

Fig. 3. User throughput CDF.
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          (a) RP based serving cell selection
          (b) PL based serving cell selection
Fig. 4. Fraction of users.
5. Conclusion

As we showed in [3] and [4], PL based serving cell selection provides potentially high UL performance gain in Het NW deployment since the efficient load-balancing is achieved by dispersion of users into the Hotzone-nodes and the optimal link with minimum PL is used. In order to realize PL based serving cell selection, deep penetration PDCCH is needed to solve PDCCH performance issue due to different maximum powers between Macro-nodes and Hotzone-nodes as pointed out in [6] and [7].

In this contribution, we assumed the extended PDCCH transmission scheme where Macro-nodes transmit PDCCH to HUE on behalf of Hotzone-nodes to realize deep penetration PDCCH and evaluated UL performance in Het NW deployment configuration 1. Our simulation results indicate that PL based serving cell selection using the extended PDCCH transmission scheme provides significant higher performance gain than that of RP based serving cell selection even if X2 delay is as large as 20ms and that the extended PDCCH transmission scheme is an effective approach to improve the UL performance in Het NW deployment.
To effectively support Het NW deployment, we believe that such a PDCCH transmission scheme should be discussed.
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