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1 Introduction

A study item on UMTS Heterogeneous Networks was started in RAN#56 [1]. Deployment of Low Power Nodes (LPNs) as a complement to a macro network aims at improving capacity and coverage. In [2], we list some of the deployment scenarios to be studied as part of the study item. One important deployment scenario is when each LPN creates a separate cell within a macro network. We refer to this as co-channel deployment. Another deployment scenario which is attractive in a number of mobility aspects is the combined cell deployment where each LPN is part of the macro cell. The combined cell deployment avoids frequent handovers, and allows the UE to reduce handover failure rate [3, 4]. An overview of combined cell deployment is given in [5]. 

It was shown in [6] that the interference due to spatial reuse in both co-channel and combined cell has the same effect.  Hence, with combined cell similar cell-splitting gains as that of co-channel deployment can be expected. It has been found that there is slight degradation in the combined cell performance due to the additional pilot overhead needed to support spatial reuse.
During RAN1#72bis and RAN#73, questions were raised about the performance of legacy UEs in a combined cell deployment. In [7], it was shown that the legacy UE performance is significantly impacted due to the propagation delay between macro and LPN. However, in [8, 9] it was shown that the degradation is very small when the same simulation framework was used.

During RAN#61, the following open issues were identified to be further addressed in RAN1 [10].

· The benefits of E-DCH decoupling should be further assessed. For example, the quality and cost (in terms of LPN power) of downlink control signalling transmitted by the LPN and the delay in receiving the grants need to be investigated.

· The benefits of NAIC for LPN range expansion should be further assessed. Both pre-decoding and post-decoding IC should be considered and the gains and reliability of needed signaling to enable IC should be evaluated.

· The impacts of combined cells, e.g. on performance of legacy terminals, should be further assessed.

In this contribution, we present further results on downlink UE performance in the spatial reuse mode in a combined cell. In [11], similar results were presented based on the Type 3 receiver. In the present contributions Type 3i receiver performance is presented.
2 Link Simulation Model
Figure 1 shows the user placement for analyzing the link performance in a combined cell as proposed in [7]. The macro node is placed at the center of the hexagon and the LPN is placed on the line joining the macro to a hexagon’s corner. The user geometries are tabulated in Table 1. 
The geometry (macro or LPN) is defined as the ratio of the Ior, macro or LPN, to the Ioc, where Ioc does not include the contribution for the other cell (LPN or macro). Additional simulation assumptions are shown in the Appendix.
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Figure 1: User placement configuration.
Table 1: User geometries and propagation offsets for different placements; coordinates are given with reference to macro (as origin), LPN at (72 m,-125 m).
	Location 

Index
	Co-ordinates

(x,y) in meters
	
[image: image2.wmf]or

I

ˆ

(macro)/Ioc 

(in dB)
	
[image: image3.wmf]or

I

ˆ

(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


Based on Table 1 UEs at locations L1, L2, L5, L6, L7, and L8 will be served by the macro node, and, UEs at locations L3 and L4 will be served by the LPN. Additionally, UEs at location L2 may also be offloaded to the LPN.
It was shown in [6] that the interference due to spatial reuse in both co-channel and combined cell has the same effect. The only important factor to consider is that in the combined cell case, additional pilots are needed to support spatial reuse. As a result, the available power for HS-PDSCH is less. In our evaluation, we consider the following two cases for the combined-cell deployment.

· Solution I: -13 dB power allocation for the demodulation pilot (D-CPICH) and -16 dB power allocation for the probing pilot (F-CPICH) (see [12]). The F-CPICH is transmitted with a low “ON” duty factor.

· Solution II: -10 dB power allocation for D-CPICH (see [12]).

The additional power consumption for the other overhead channel is 20%. Furthermore, for the macro-only and co-channel deployments, 20% of total power is assumed for the overhead channels.
3 Simulation Results
We evaluate the performance of downlink UE performance with the Type 3i receiver. Our results are summarized in Table 2 and Table 3, for combined cell pilot solutions I and II, respectively. It can be seen that in either case, combined cell spatial reuse improves over the macro-only deployment significantly. Compared to the co-channel deployment however, there is a small loss, due to the additional pilot overhead needed to support combined-cell spatial reuse. Although the spatial reuse gain in combined cell is slightly smaller than in co-channel, combined cell offers much improved mobility performance and mobility management in a heterogeneous network [3, 4]. Thus, the combined-cell deployment could be used as a good complimentary solution to the co-channel deployment to help manage the mobility aspects of the network.
Table 2: Relative performance in link throughput with combined cell spatial compared to macro-only and co-channel deployments. (Solution I)
	(Macro UE location, LPN UE location)
	Gain over macro only deployment
	Loss compared to co-channel deployment

	(L1, L2)
	19.91%
	-2.37%

	(L2, L2)
	8.12%
	-2.68%

	(L5, L2)
	42.48%
	-1.18%

	(L6, L2)
	26.92%
	-2.57%

	(L7, L2)
	31.29%
	-2.38%

	(L8, L2)
	-0.46%
	-3.70%

	(L1, L3)
	45.83%
	-2.18%

	(L2, L3)
	34.35%
	-2.42%

	(L5, L3)
	67.24%
	-1.18%

	(L6, L3)
	56.18%
	-2.34%

	(L7, L3)
	59.75%
	-2.19%

	(L8, L3)
	41.20%
	-3.04%

	(L1, L4)
	75.47%
	-1.74%

	(L2, L4)
	64.71%
	-1.90%

	(L5, L4)
	94.91%
	-0.95%

	(L6, L4)
	89.41%
	-1.86%

	(L7, L4)
	91.92%
	-1.76%

	(L8, L4)
	89.85%
	-2.16%


Table 3: Relative performance in link throughput with combined cell spatial compared to macro-only and co-channel deployments. (Solution II)

	(LPN UE location, Macro UE location)
	Gain over macro only deployment
	Loss compared to co-channel deployment

	(L1, L2)
	16.91%
	-4.81%

	(L2, L2)
	5.07%
	-5.42%

	(L5, L2)
	40.70%
	-2.41%

	(L6, L2)
	23.49%
	-5.21%

	(L7, L2)
	27.92%
	-4.89%

	(L8, L2)
	-4.17%
	-7.30%

	(L1, L3)
	42.41%
	-4.47%

	(L2, L3)
	30.87%
	-4.94%

	(L5, L3)
	65.10%
	-2.44%

	(L6, L3)
	52.27%
	-4.79%

	(L7, L3)
	55.92%
	-4.54%

	(L8, L3)
	36.77%
	-6.08%

	(L1, L4)
	72.14%
	-3.61%

	(L2, L4)
	61.33%
	-3.91%

	(L5, L4)
	92.85%
	-1.99%

	(L6, L4)
	85.60%
	-3.83%

	(L7, L4)
	88.19%
	-3.67%

	(L8, L4)
	85.57%
	-4.37%


4 Conclusion
In this contribution, we present further results for the combined-cell spatial reuse mode based on the Type 3i receiver. We would like to propose that tables 2 and 3 in this contribution are added to the technical report [12].
Proposal: Tables 2 and 3 in this contribution are added to the technical report [12].
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6 Appendix

Table 1: Link level simulation parameters.

	Parameter
	Value
	Comments

	P-CPICH_Ec/Ior
	-10dB
	

	Spreading factor for

HS-PDSCH
	16
	

	Modulation
	QPSK, 16QAM, 64QAM
	

	TBS
	Variable
	CQI based scheduling

	Number of Transport Blocks
	1
	

	HSDPA Scheduling Algorithm
	CQI based
	

	CQI Feedback Cycle
	1 TTI
	

	CQI feedback error
	0 %
	

	HS-DPCCH ACK/NACK feedback error
	0 %
	

	Maximum number of HS-DSCH codes
	15
	

	Number of HARQ Processes
	6
	

	Maximum Number of H-ARQ Transmissions
	1
	

	Target Number of H-ARQ Transmissions
	1
	

	Residual BLER
	10% after 1 transmission
	

	Number of Rx Antennas
	2
	

	Channel Encoder
	3GPP Turbo Encoder
	

	Turbo Decoder
	Max- Log MAP
	

	Number of iterations for turbo decoder
	8
	

	Propagation Channel Type
	PA3
	

	Channel Estimation
	Realistic
	

	Noise Estimation
	Realistic
	

	UE Receiver Type
	Type3i
	

	Rx Antenna Correlation
	0
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