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1
Introduction

“Combined Cell” as introduced in [3], employs the same PSC for both the macro-cell and the low power node (LPN), offering a radical change in the way Heterogeneous UMTS networks are designed. The proponents [2], [3] divide the combined cell operation into two modes – Single Frequency Network (SFN) and the Spatial Re-use (SR). By transmitting the same signal from both nodes in SFN mode, there is an SNR gain obtained even for the legacy users, which was shown to result in increased downlink throughputs [3]. However, further studies [4] suggested that this performance improvement of Single Frequency Network (SFN) is sensitive to the exact propagation offsets encountered in practice.
In the default operation of combined cells, all users (legacy and Rel. 12) would be in the SFN mode. Based on information derived from probing pilots, Rel. 12 users can exploit the benefits of Spatial Re-use mode by being scheduled from the optimal LPN [3]. D-PICH was proposed to enable data demodulation from the serving LPN once the Rel. 12 user is in SR mode. We refer the readers to [5] where we elaborate on the need for a continuous D-PICH, which enables reliable network operation. In this contribution, we present the impact on legacy users’ performance in the SFN mode of combined cell when a continuous D-PICH (dedicated pilot) is enabled. Including systems evaluated for comparison, the list becomes:

·  Single-Frequency Network (SFN) (idealistic probing pilots)
·  Single-Frequency Network (SFN) (continuous D-PICH)
·  Macro-only Network
2
System Modelling 
We repeat the presentation from [4] for reader’s convenience. Fig. 1 illustrates the modelling for the Single-Frequency Network concept as proposed in [2], [3]. In this system, the low power node transmits the exact same signal as the macro. The signals from macro and low power node experience independent fading channels. We model a time-offset that corresponds to the delay in free space propagation between the low power node’s signal and the macro with respect to the relative distance to the user. The user reports the CQI information to the Macro. Note that the low power node has no scheduling capabilities in the SFN mode. 
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Figure 1: Single frequency network modelling
3
HSDPA Throughput Results
User placement and link simulation assumptions are included in the appendices A and B. We give HS throughput results for all the enlisted scenarios in Section 1 when the user is placed at one of the 8 locations given in Table 2 (refer Appendix A). We simulate only one user while multi-user throughputs can be obtained using an equally fair allocation of resources (in time) among the users.

In Table 1, we present our comparison between the SFN and macro-only networks. It is worthwhile to mention that even though the network is deployed to support Rel. 12 UEs, SFN is the mode of operation for legacy UEs. 

First we restrict our attention to PA3 channel. When we compare the setting with no propagation offsets and use the original combined cell proposal [2], [3] with ideal probing pilots, we obtain as much as 30% gain of SFN mode over macro-only operation. This is obtained when the user is located at L4. In this location, the LPN offers a strong diversity path for the user. This maximum gain decreased to 18% under the continuous D-PICH assumption. 

Next, when we assume the realistic propagation offsets at each user location, the gains from SFN actually became negative. We observed 13% loss at L4 compared to macro-only baseline. On the other hand, a maximum loss of up to 25% is observed at L3. We attribute the loss to two factors: 

1.  Decrease in available HS power because dedicated pilots are now assigned 10% of power due to enhanced spatial re-use mode [5]. Note that these pilots are absent in macro-only baseline or the original combined cell proposal with idealistic probing pilots.
2.  Noise enhancement of the equalizer due to more multi-path. Note that at the locations L3 and L4, the macro signal and the LPN-signal are at comparable levels, but are delayed by approximately 1.5 chips.
Now, we study the performance in other fading channels - PB3 and VA30. We observe a maximum loss of 18% in PB3 and VA30 channels when SFN results are compared to macro-only baseline. A prior contribution [4] discussed the lower sensitivity of SFN mode to propagation offsets in PB3 and VA30 fading channels. 
Table 1: HSDPA throughput comparison between Macro-Only and Single Frequency Network (SFN) modes of operation. The locations with high SFN gain over Macro-only are highlighted. 

	Channel
	User location
	Macro-Only

Mbps
	SFN throughput in Mbps (% gain over macro-only)

	
	
	
	Original SR proposal

(idealistic probing pilots)
	After SR enhancements

(continuous D-PICH)

	
	
	
	w/o prop. offsets (K=0)
	w/ prop. offsets
	w/o prop. offsets (K=0)
	w/ prop. offsets

	PA3
	L1
	15.15
	15.16(0)
	14.82(-2)
	14.28(-6)
	13.04(-14)

	
	L2
	14.46
	15.03(4)
	13.51(-7)
	13.73(-5)
	10.93(-24)

	
	L3
	13.73
	15.73(15)
	13.13(-4)
	14.03(2)
	10.36(-25)

	
	L4
	13.73
	17.84(30)
	14.43(5)
	16.23(18)
	11.91(-13)

	
	L5
	17.56
	17.52(0)
	17.52(0)
	17.01(-3)
	17.01(-3)

	
	L6
	12.10
	12.15(0)
	12.13(0)
	11.57(-4)
	11.51(-5)

	
	L7
	12.98
	12.90(-1)
	12.90(-1)
	12.29(-5)
	12.29(-9)

	
	L8
	4.62
	4.55(-2)
	4.55(-2)
	4.19(-9)
	4.19(-9)

	PB3


	L1
	10.77
	10.94(2)
	10.93(1)
	10.02(-7)
	9.85(-9)

	
	L2
	10.58
	10.85(3)
	10.57(0)
	n/a
	8.72(-18)

	
	L3
	10.21
	11.10(9)
	10.52(3)
	8.98(-12)
	8.33(-18)

	
	L4
	10.28
	11.79(15)
	11.19(9)
	9.72(-5)
	9.23(-10)

	
	L5
	11.65
	11.74(1)
	11.74(1)
	11.17(-4)
	11.17(-4)

	
	L6
	9.65
	9.68(0)
	9.68(0)
	9.14(-5)
	9.15(-5)

	
	L7
	10.00
	10.05(1)
	10.05(1)
	9.51(-5)
	9.51(-5)

	
	L8
	4.04
	4.11(2)
	4.11(2)
	3.79(-6)
	3.79(-6)

	VA30


	L1
	8.90
	9.01(1)
	8.96(1)
	8.15(-8)
	8.08(-9)

	
	L2
	8.68
	8.94(3)
	8.75(1)
	7.35(-15)
	7.17(-17)

	
	L3
	8.41
	9.10(8)
	8.89(6)
	7.11(-15)
	6.89(-18)

	
	L4
	8.42
	9.65(15)
	9.40(12)
	7.91(-6)
	7.66(-9)

	
	L5
	9.62
	9.67(1)
	9.64(0)
	9.13(-5)
	9.13(-5)

	
	L6
	7.79
	7.83(1)
	7.87(1)
	7.36(-6)
	7.32(-6)

	
	L7
	8.12
	8.16(0)
	8.16(0)
	7.70(-5)
	7.70(-5)

	
	L8
	3.00
	3.04(1)
	3.04(1)
	2.76(-8)
	2.76(-8)


6
Conclusions

The document characterizes the impact to legacy users in the SFN, the combined cell mode of operation for legacy users. We enable a continuous dedicated pilot for each node (required for reliable operation of release-12 UEs in combined cells). When the propagation offsets are not accounted for, there is a gain of up to 30% for legacy users in SFN mode. However, when practical propagation offsets are considered, then there are no gains observed and instead a loss in legacy user’s throughput (up to 25%) is observed in SFN. This loss is observed in PA3 channel and is smaller (~18%) for PB3 and VA30 channels.
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Annex A: User Placement











Figure 2: User placement configurations in consideration
In Fig. 2, the macro is placed at the center of the hexagon and the LPN is placed on the line joining the macro to a hexagon’s corner. We consider 8 user locations indexed from 1-8 in Fig. 2. Locations 1-4 are close to the LPN while locations 5-8 are distributed in the hexagon’s sector. 
For the link simulations, we require the level of signals received at each user location from the macro, the LPN and the surrounding macro-cells. For this purpose, we use a 57-cell network simulator to calculate the received Ior (macro), Ior (LPN) and the Ioc values (includes contribution from other macro-cells with 20% loading). In this network simulator, we assume a 30 dBm transmit power for the LPN-cell and use 3GPP path loss models. We define geometry (macro/LPN) as the ratio of the Ior(macro/LPN) to the Ioc, where Ioc does not include the contribution for the other cell (LPN/macro).This quantity is tabulated in Table 2. Different path-delays between the macro and LPN result in an offset of the LPN-signal relative to the macro-signal at the user. Assuming the speed of light c, this offset 
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 denote the distances to the LPN and the macro-cell from the user. The offsets are tabulated in Table 2 both in nano-seconds and UMTS chips (260ns/chip).
Table 2: User geometries and propagation offsets for different placements; co-ordinates are given with reference to macro (as origin), LPN at (72 m,-125 m).
	Location 

Index
	Co-ordinates

(x,y) in meters
	Ior(macro)/Ioc 

(in dB)
	Ior(LPN)/Ioc

(in dB)
	LPN propagation offset relative to Macro (in ns)
	LPN propagation offset relative to Macro (in UMTS chips)

	L1
	(57,-99)
	19
	5
	281
	1.1

	L2
	(62,-107)
	18
	12
	343
	1.3

	L3
	(65,-112)
	17
	17
	381
	1.5

	L4
	(67,-116)
	17
	24
	412
	1.6

	L5
	(0,-83)
	24
	-13
	0
	0

	L6
	(0,-167)
	15
	-10
	278
	1.1

	L7
	(-72,-125)
	16
	-19
	0
	0

	L8
	(-144,-250)
	4
	-28
	129
	0.5


AnnexB
Link Simulation Parameters

Table 3: Link simulation parameters
	Parameter
	Value
	Comments

	Macro-cell/LPN common parameters

	Transmit antennas
	1
	

	P-CPICH Ec/Ior
	-10 dB
	

	D-PICH Ec/Ior 
	-10 dB
	Continuous D-PICH for combined cells

	P-CCPCH Ec/Ior
	-12 dB
	

	SCH Ec/Ior
	-12 dB
	

	PICH Ec/Ior
	-15 dB
	

	HS-SCCH Ec/Ior
	-12 dB


	We use genie based HS-PDSCH decoding in the simulator and not rely on HS-SCCH decoding

	HS-PDSCH Ec/Ior
	-1.9 dB (SFN with continuous D-PICH)
-1.3 dB (SFN without D-PICH, macro-only)
	All of the remaining power

	Macro-cell  

	PSC
	84
	

	Low power Node

	PSC
	84 


	

	User

	Receiver Type
	Type 3i
	LMMSE equalizer 

	Channel Estimation
	Based on P-CPICH
	

	Receive Antennas
	2
	Fading Correlation = 0

	Outer loop
	Enabled
	With 10% target BLER

	CQI feedback delay
	8 ms
	

	CQI calculation
	Based on CPICH SNR
	Post equalizer

	CQI adjustment
	None
	

	CQI feedback error
	0 %
	

	HS-PDSCH scheduling
	Variable Reference Channel based on CQI feedback
	

	Channel

	Channel Type
	PA3, PB3, VA30 
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