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1. Introduction

A new 3GPP work item (WI) on UMTS Heterogeneous Networks enhancements was approved during the RAN#62 [1]. The present contribution considers a topic of an imbalance problem which is present due to difference in TX powers of LPN and macro. One of the issues caused by such a situation is HS-DPCCH reception reliability. 
This contribution is focused on SLS evaluation of potential performance improvements provided by following solutions listed in the last RAN1#76 meeting: 

· SIR target manipulation [2]
· Introduction of the secondary pilot [3]

· Virtual secondary pilot [4]

· Dynamic LPN ILPC restriction [5]
2. HS-DPCCH reception reliability solutions
The SIR target manipulation scheme solves the problem of HS-DPCCH reception reliability by increasing the DPCCH SIR target such as for ILPC driven by the non-serving cell (LPN in the HetNet context) the DPCCH SIR at the serving cell (macro in the HetNet context) will be at the level which guarantees the reliable reception of HS-DPCCH [6]. This solution was proposed to be considered as a baseline solution for HS-DPCCH reception problem as it does not require any standardization changes i.e. it is implementation specific solution. 

Second solution is introduction of secondary pilot which will be dedicated only for HS-DPCCH reception. In this scheme HS-DPCCH power does not depend on the DPCCH power anymore and is fixed relative to the secondary pilot. The secondary pilot and HS-DPCCH are controlled only by the DL serving cell. Despite the fact this solution requires some changes in the specification it gains in the terms of overhead introduced and its response speed on scenario changes is much quicker than in SIR manipulation scheme.
A similar scheme is presented by the introduction of virtual secondary pilot. In this scheme only HS-DPCCH is set relatively to the DPCCH power which is only controlled by the macro. The E-DPCCH is a virtual secondary pilot which power is controlled by the macro and the LPN and the powers of the E-DPDCHs are based on. In our analysis this scheme introduces the same level of performance as introduction of separate secondary pilot. Virtual Secondary Pilot seems to be more implementation demanding than Secondary Pilot in a way of required changes in power control of the legacy channels – DPCCH and E-DPCCH. Performance evaluation for both schemes – Secondary Pilot and Virtual Secondary Pilot – was assumed to be the same based on the following assumptions:

· HS-DPCCH related part is the same
· E-DPCCH power in case of Virtual Secondary Pilot is equal to total power of DPCCH and E-DPCCH in Secondary Pilot scheme since T2TP (Traffic to Total Pilot) is equal to 10dB in both schemes
Dynamic LPN ILPC restriction scheme is based on the assumption where the ILPC at the LPN is disabled in case where UE is served by the macro but it has LPN in Active Set. This operation will effect in good reception of DPCCH and HS-DPCCH by the macro because the UE TX power will be controlled only by the serving macro cell. In order to counteract the increased DPCCH power at the LPN the E-DPDCH and E-DPCCH to DPCCH power offsets should be recalculated i.e. decreased like it is done in SIR manipulation scheme. Different as it is in SIR target manipulation in ILPC restriction scheme serving macro cell is controlling the UE Tx power. Similarly as SIR target manipulation scheme this solution does not need standardization changes so it can be also considered as a baseline for comparison with Rel.12 solutions.
Dynamic rate and power adjustment is a method which re-interprets the meaning of legacy TPC commands in order to achieve good HS-DPCCH reception at the macro. Performance evaluation was not done for this method in the current contribution. 
3. Simulation Results
In this section System Level simulation results are presented for following methods: 
· SIR target manipulation

· Secondary Pilot (Virtual Pilot)

· ILPC restriction

And following metrics are provided:

· Missed Detection (ACK -> NACK/DTX) rate

· UE Tx power distribution and throughput

Simulation assumptions for deployment, traffic model and system operation are described in the Appendix A in the end of the contribution. 
3.1. Evaluated Statistics
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Figure 1 SIR manipulation – missed detection rate
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Figure 2 Secondary pilot (and virtual pilot) – missed detection rate
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Figure 3 ILPC restriction – missed detection rate
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Figure 3 SIR manipulation and secondary pilot (and virtual pilot) – UE throughput
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Figure 4 SIR manipulation and ILPC restriction – UE throughput
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Figure 5 Secondary Pilot and ILPC restriction – UE throughput
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Figure 6 UE TX power distribution – macro-LPN SHO UEs only
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Figure 7 UE TX power distribution – all UEs

Table 1 UE throughput comparison in SIR manipulation, secondary pilot (and virtual pilot) and ILPC restriction schemes
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3.2. Discussion
In the section above SLS results are presented for SIR target manipulation, Secondary Pilot, Virtual Pilot and ILPC restriction schemes.
Both SIR target manipulation and ILPC restriction methods are implementation specific and do not require specification changes. Secondary Pilot and Virtual Pilot schemes can be taken into consideration only as Rel.12 solutions. 
All the schemes guarantee that Missed Detection Rate (ACK->NACK/DTX) meets the requirements (Figure 1-3). The overhead from those solutions can be analyzed based on the UE throughput results. The overhead from the methods means the increase of UE TX power which generates more interference towards cells. The increase in interference is visible in throughout decreasing. This is especially noticeable for Macro UEs with LPNs in Active Set because all schemes affect this part of UEs and those UEs are located in cell edge which means that their performance is mostly affected by interference increasing.
Based on the results presented above it can be observed that the average throughput for All UEs in all schemes is very close to each other. However the average throughput of Macro UEs with LPNs in AS are different for all schemes. The SIR Manipulation scheme shows very low average throughput in comparison to remaining schemes. ILPC restriction shows the best average throughput for this part of UEs. However this is the effect that LPN receives the traffic from this part of UEs but don't have essential control of them (see Figure 5 in the area of 90%-100% tile) 
Significant differences can be observed also in cell edge UE throughput. Dynamic ILPC restriction scheme provides 33% gains in 5% UE throughput relative to the SIR target manipulation method and Secondary (Virtual) Pilot provides 20% gains in 5% UE throughput relative to the Dynamic ILPC restriction. Throughput gains of the Secondary Pilot scheme can be explained by the difference in mechanisms of compensation of channel variations. In SIR target manipulations scheme the 10dB margin is used in order to prevent fast fades impact but, as an effect ,during the channels peaks the power of DPCCH is unnecessary high. In case of Secondary Pilot scheme provides dynamic power adjustment of the secondary pilot in a way that its power is always below or equal to DPCCH power in SIR manipulation scheme. 
Based on figure 6 and 7 we can seen that each solution introduces minor changes in UE TX power distribution and overall changes in UE power distribution in a system is negligible. 
4. Conclusion

This document provided SLS results and analysis on the solutions intended to solve the HS-DPCCH reception problem in HetNet scenario. Based on the SLS results presented in the current document and also specification impact introduced by each Rel.12 solution we propose the following:
Proposal 1: Consider ILPC restriction method for legacy scenario 
Proposal 2: Discuss if there is sufficient benefit from the secondary pilot for Rel-12 UEs to justify the added complexity for the UE and the network
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Appendix A. System Level Simulation Assumptions

A summary of system level simulation assumptions for the deployment and traffic model and system operation are provided in Table 2 and Table 3 respectively.
Table 2. Deployment and traffic model assumptions
	Parameter
	Value

	Cell layout
	Wrap-around hexagonal grid,

19 sites with 3 sectors per site

	Inter-site distance
	500 m

	Carrier frequency
	2 GHz

	Path loss models
	Macro node: L = 128.1 + 37.6log10(R), R in kilometers;

LPN: L = 140.7 + 36.7log10(R), R in kilometers

	Shadow fading standard deviation
	Macro node: 8 dB;

LPN: 10 dB

	Shadow fading correlation
	Inter-Node B correlation: 0.5;

Intra-Node B correlation: 1.0

	Penetration loss
	20 dB

	Macro Node B antenna pattern
	Standard 3GPP Parabolic 2D antenna

	Macro Node B antenna gain (bore sight)
	14 dBi

	Macro Node B antenna pattern width
	70º

	Macro Node B antenna FTB
	20 dB

	Macro Node B noise figure
	5 dB

	Macro Node B TX power
	43 dBm

	Number of LPNs per macro sector
	4

	LPN antenna pattern
	Omnidirectional

	LPN antenna gain (bore sight)
	5 dBi

	LPN TX power
	30 dBm

	LPN noise figure
	5 dB

	LPN padding
	0 dB

	LPN distribution
	Random and uniform within the deployment area

	Number of UEs per macro sector
	8

	UE antenna pattern
	Omnidirectional

	UE antenna gain
	0 dBi

	Maximum UE TX power
	24 dBm

	User distribution
	50% of users are distributed randomly and uniformly within the deployment area and 50% of users are distributed randomly and uniformly within the radius of LPNs; the radius equals to 35 m for the LPN power of 30 dBm and 60 m for the LPN power of 37 dBm

	Minimum distance between LPN and Macro node
	75 m

	Minimum distance between two LPNs
	40 m

	Minimum distance between UE and Macro node
	35 m

	Minimum distance between UE and LPN
	10 m

	Thermal noise PSD
	-174 dBm/Hz

	Channel model profile
	Pedestrian A

	Correlation between Node B antennas
	0

	Users speed
	3 km/h

	Interference modeling
	Explicitly modeled interference, given percentage of the strong interferes are modeled with taking into account their temporal and spatial correlation properties, less powerful interferers are modeled by equivalent AWGN noise

	Traffic model
	Full Buffer


Table 3. System operation assumptions
	Parameter
	Value

	Transmission mode
	SIMO

	Link-to-system mapping interface
	Effective SINR based

	E-DCH TTI
	2 ms

	Modulation
	QPSK, 16-QAM, 64-QAM

	Channel estimation
	Realistic

	Macro Node B and LPN receiver type
	Rake

	Number of TX antennas
	1

	Number of macro Node B and LPN RX antennas
	2

	Softer handover
	Disabled

	Soft handover
	Enabled, including soft handover between LPNs and macro nodes

	Maximum active set size
	3

	Soft handover parameters
	R1a (reporting range constant) = 4.5dB

R1b (reporting range constant) = 4.5dB

	Cell individual offset (CIO) for LPNs
	3 dB

	Inner loop power control
	On

	Outer loop power control
	On

	Target BLER
	1% after the 4st transmission attempt

	H-ARQ approach
	Chase combining

	Maximum number of HARQ transmissions for data
	4

	Target RoT for macro Node B and LPN
	6 dB


