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1
Introduction
A study item on UMTS Heterogeneous Networks was started in RAN#56 [1]. Deployment of Low Power Nodes (LPN) as a complement to a macro network aims at improving capacity and coverage.  In this contribution, we provide the content on legacy UE performance in combined cell deployments for section 7.3.6 in the proposed HetNet TR Skeleton [2]. 
2. Text Proposal

[------------------------------------------------------------- TEXT START --------------------------------------------------------------]

7.3.6 Legacy UE performance in combined cell
The SFN mode is used for data transmission to a legacy UE. One potential issue with the SFN mode is the increased delay spread due to the propagation delay difference between transmitting nodes. Due to propagation delay the combined channel impulse response (CIR) becomes longer due to different propagation delays between two nodes.  Note that when the LPNs are co-located with macro node the propagation delay mistmatch does not occur.
Another issue with SFN mode is that there might be some performance loss due to the additional pilot overhead when some Release 12 UEs are in the network. To understand the performance of the legacy UE in combined cell, system level simulations and link level simulations were carried out.
A. 
System Level Analysis
In system level simualtions 4 LPNs per macro cell is assumed. The statistics are collected for 16 UEs per cell. Table xy shows the percentage of loss compared to the macro only case with ISD of 500 m. It can be observed that the legacy UEs which are served in the SFN mode may not get benefit with LPN deployment. One could expect a loss in user throughput due to the additional pilot overhead propagation delay mismatch, but from Table xy it is seen that the percentage of loss is small. A loss of 5.7% is observed at the cell edge, while a loss of 2.4% is observed in mean user throughput.  The percentage of loss might be increased if the ISD is increased to 1.73 km.
Table xy Percentage of loss with additional pilot overhead of -10 dB and propagation delay mismatch
	Throughput Metric
	Homogeneous Network in Mbps
	SFN mode with ISD = 500 m

	
	
	Value in Mbps
	%loss

	Average sector throughput
	6.6
	6.55
	0.76

	Average user throughput
	0.42
	0.41
	2.38

	Average cell edge user throughput
	0.07
	0.066
	5.71

	Median user throughput
	0.38
	0.37
	2.63


B. 
Link Level Analysis
Figure yx shows the user placement assumed when analyzing the link gains achieved with SFN mode. The macro node is placed at the centre 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 xz. 

Figure yx User placement configurations in consideration
Table xz 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
	Macro Ior/Ioc (in dB)
	LPN Ior/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


The achievable gains when the UE operates in SFN mode is shown by two sources [3] and [4]. Table xa summarizes the results from [3] The gains were shown for two cases. The first case is when the propagation offset is set to zero, and the second case is when the propagation offset is set according to Table xz. Note that in both the cases the pilot overhead is set to -16 dB (i.e. solution I of spatial reuse mode in Section 7.3.5.1). As can be observed from Table xa the impact due to propagation delay and pilot overhead is very small. There are some cases where the SFN mode will give gains, while in some cases there might be some losses due to propagation mismatch.
Table xa Achievable gains with SFN mode from [3]
	Channel
	User Location
	% of gain over macro only case without propagation delay modeled
	% of gain over macro only case with propagation delay modeled

	PA3
	L1
	-1
	0.5

	
	L2
	2
	2

	
	L3
	8.8
	7.7

	
	L4
	15.7
	15.5

	
	L5
	0
	0

	
	L6
	-3
	-1

	
	L7
	-2.6
	-2.6

	
	L8
	-6
	-6


The achievable gains from [4]source 2 are shown in Table xb

Table xb Achievable gains with SFN mode from [4]source 2
	Channel
	User location
	Macro-Only
Mbps
	SFN throughput in Mbps (% gain over macro-only)

	
	
	
	Solution I 
(idealistic probing pilots)
	Solution II
(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)


C.
Conclusions on Legacy UE Performance

SFN mode is primarily used for legacy users. When the propagation delay offsets between different transmitting nodes are not accounted for, there is a gain of up to 30% seen for legacy users in link simulations and gains of around 6-17% in system simulations. 
However, when practical propagation offsets are considered, the gains are reduced.  System level simulation results have shown a loss of around 5.7%, while link level simulation results show that the loss is around 6% for solution I and around 25% for solution II. This loss is observed in the Pedestrian A channel and is smaller for other multipath channels. 
 [---------------------------------------------------------------- TEXT END -------------------------------------------------------------]

3
Conclusions

It is proposed that the text proposal on legacy UE performance in combined cell deployments as presented in this document is agreed and included in the UMTS Heterogeneous Networks TR [2].
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