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1. Introduction

A new 3GPP work item (WI) on UMTS Heterogeneous Networks enhancements was approved during the RAN#62. The present contribution considers a topic “consider support for E-DCH decoupling for Rel-12 terminals” included into the list of WI objectives [1]. 
The E-DCH decoupling consists in changing a Node B providing the UL serving node functionality for UEs located in the SHO zone between a Macro node and an LPN. In the considered scenarios, these UEs are associated to the Macro node due to a higher Macro TX power in DL. However, the UL channel between the UE and the LPN is stronger that the channel between the UE and the Macro node. As a result, the UL data reception is performed mainly by the LPN. Application of the E-DCH decoupling moves the serving Node B functionality from the Macro node to the LPN providing a direct control of the serving grant by the same Node B that performs data reception. This improves the system robustness and performance. 

Moreover, application of the E-DCH decoupling guarantees a reliable reception of the scheduling information (SI) including the happy bit transmitted via E-DPCCH and the in-band SI transmitted via E-DPDCH. The in-band scheduling information includes current UE buffer and power status and other information to be decoded at the UL serving Node B to ensure sustainable system operation. While reliable reception of the E-DPCCH and E-DPDCH channels is guaranteed at the node performing the data reception (either the serving or a SHO node), application of the E-DCH decoupling also guarantees a reliable reception of SI at the serving Node B.

Previous simulation results for evaluation of the E-DCH decoupling technique were presented in [2], [3], [4] and [5]. Moreover the impact of introduction E-DCH decoupling to the interfaces is minor or none, as it is shown in [6]. 

This contribution is focused on SLS evaluation of potential performance improvements provided by the E-DCH decoupling directly taking into account SI reception performance at the serving Node B. As far as the most important information carried by SI is the UE buffer state (in the considered scenarios all UEs are not power limited, i.e. the power state is not critical), the bursty traffic simulations are performed where the UE buffer state changes during the simulation time and performance of signaling this state to the network may be modeled and analyzed.
2. Simulation Methodology and Assumptions
The simulation results are provided for two basic scenarios: the baseline scenario (where no LPNs are present in the system) and the HetNet scenario where both macro nodes and LPNs are present. For the HetNet scenario both cases of E-DCH decoupling enabled and E-DCH decoupling disabled are simulated.
Simulations are performed assuming a bursty traffic model. The traffic model parameters are taken according to the agreed HetNet evaluation methodology [7]. Packet sizes have the truncated lognormal distribution with the average packet size of 0.0625 MB (0.5 Mbit). Packets arrival to the UE buffer obeys the Poisson distribution with the average traffic intensity of 0.2 packets per second per UE.
Both the deployment model and system parameters are taken in accordance with the agreed set of simulation assumptions for HetNet evaluation [7]. The assumed channel model profile is Ped A, 3 km/h, the ISD equals to 500 m, LPN dropping is uniform, UE dropping is hotspot, and all UEs are modeled as outdoor ones. The LPN power of 30 dBm, 4 LPNs per macro sector, 12 UEs per macro sector and the LPN Cell Individual Offset (CIO) of 3 dB are considered.

The SLS results provided in this document are obtained under the assumption of a rake Node B receiver with 2 RX antennas. The round-robin code division multiplexing (CDM) scheduling is assumed with the overall RoT budget equally divided between all UEs transmitting the UL data in each sector. In order to model scheduling of UEs located in the SHO zone more realistically especially between an LPN and a Macro node, the serving and non-serving relative grant functionality is implemented in the SLS.

SI transmission is modeled when a new packet appears in the UE buffer. In this case the UE has to signal to the network its buffer state update via SI. Only after a correct reception of the UE buffer state the network is able to allocate power grants for the UE to enable the data transmission. As far as only the serving Node B is able to increase the serving grant, the SI is to be correctly received at the serving Node B. Otherwise, it the SI cannot to be decoded the packet transmission is not possible. Other SI transmissions taking place in a real network (i.e., during the packet transmission period and after packet transmission is completed) are not simulated as having much less critical impact on the system performance characteristics which can be modeled in the considered methodology.
The in-band SI is to be received to inform the scheduler about a large amount of traffic to request for a sufficient grant. Therefore, this study is focused on modeling of the in-band SI and the happy bit modeling is not considered in the study.

It is assumed that after a packet appearance, the UE sends SI in all 8 H-ARQ processes. If the SI is not received at the serving Node B after all H-ARQ retransmissions of all 8 processes (i.e., after continuously sending the SI in a series of consecutive [8 ( maximum number of H-ARQ attempts] TTIs), it is assumed that the connection cannot be established and the packet is removed from the UE buffer. In that case the burst rate of zero is taken for this packet.

The standalone SI format is assumed. In that case the H-ARQ mechanism is driven by ACK/NACK messages received only from the serving Node B (ignoring ACK/NACK from non-serving Nodes B) which leads to continuation of H-ARQ attempts until the transport block including SI is decoded at the serving Node B or the maximal number of attempts is reached. The maximal number of attempts can be configured for standalone SI independently on the value used during the UL data transmission. In particular, this parameter can be increased providing a higher SI reception reliability due to soft combining, but causing a higher latency. A practical scenario of 4 H-ARQ attempts (the same value as for the UL data) is considered as a basic case. In order to evaluate an upper bound of SI reception performance, a limiting case of 16 H-ARQ transmission attempts is additionally considered. 
A summary of system level simulation assumptions is included in Appendix A.

3. Simulation Results

3.1. Evaluated Statistics

The UL system performance statistics gathered and analyzed in the present contribution include CDFs of the UE burst rate, the sector throughput and the sector RoT. The burst rate is a per-packet metric introduced as a ratio of the packet size to the packet service time (i.e. the total time elapsed from the packet appearance in the UE buffer until its complete reception). Additionally, 5% and 50% percentiles of the UE burst rate and a percentage of traffic packets unable to be transmitted because of the SI reception problem (a percentage of dropped packets) are measured.
For the HetNet scenario, the burst rate statistics and percentages of dropped packets are separately measured over the following UE groups:

1. LPN-associated UEs (LPN is the DL serving cell);

2. Macro-associated UEs (macro Node B is the DL serving cell) without LPNs in the active set;

3. Macro-associated UEs with at least one LPN in the active set (SHO UEs between LPN and Macro). The E-DCH decoupling technique is applied to those UEs.

The burst rate statistics and a percentage of dropped packets measured over all UEs are also provided. The sector throughput and RoT are separately plotted over macro nodes, LPNs and all nodes in the system.
Burst rate statistics and percentages of dropped packets are included in the main text of the document. Distributions of the sector throughput and RoT are provided in Appendix B.

3.2. Results for 4 H-ARQ Transmissions for SI
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Figure 1. CDFs of the UE burst rate for the case of 4 H-ARQ Transmissions

Table 1. Average, median and 5% UE burst rate, percentages of dropped packages and UE percentages for the case of 4 H-ARQ Transmissions

	Scenario
	E-DCH decoupling
	UE Group
	UL UE Burst Rate
	Percentage of

dropped packages
	Percentage of UEs

	
	
	
	Mean
	5%
	50%
	
	

	Baseline
	-
	-
	0.84
	0.16
	0.77
	2.7%
	-

	HetNet
	off
	All UEs
	1.4
	0
	1.56
	12.2%
	100%

	
	
	LPN UEs
	1.67
	0.84
	1.73
	0.6%
	38%

	
	
	Macro UEs w/o LPN in AS
	1.49
	0.64
	1.53
	2.1%
	49%

	
	
	Macro UEs w/ LPN in AS
	0.35
	0.0
	0.0
	79.1%
	13%

	
	on
	All UEs
	1.54
	0.69
	1.6
	1.3%
	100%

	
	
	LPN UEs
	1.65
	0.82
	1.72
	0.6%
	38%

	
	
	Macro UEs w/o LPN in AS
	1.45
	0.62
	1.49
	2.0%
	49%

	
	
	Macro UEs w/ LPN in AS
	1.56
	0.73
	1.62
	0.8%
	13%


3.3. Results for 16 H-ARQ Transmissions for SI
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Figure 2. CDFs of the UE burst rate for the case of 16 H-ARQ Transmissions
Table 2. Average, median and 5% UE burst rate, percentages of dropped packages and UE percentages for the case of 16 H-ARQ Transmissions

	Scenario
	E-DCH decoupling
	UE Group
	UL UE Burst Rate
	Percentage of

dropped packages
	Percentage of UEs

	
	
	
	Mean
	5%
	50%
	
	

	Baseline
	-
	-
	0.72
	0.18
	0.66
	0.2%
	-

	HetNet
	off
	All UEs
	1.28
	0.45
	1.32
	2.3%
	100%

	
	
	LPN UEs
	1.45
	0.75
	1.48
	0.0%
	38%

	
	
	Macro UEs w/o LPN in AS
	1.29
	0.62
	1.29
	0.0%
	49%

	
	
	Macro UEs w/ LPN in AS
	0.76
	0.0
	0.72
	16.2%
	13%

	
	on
	All UEs
	1.36
	0.66
	1.38
	0.0%
	100%

	
	
	LPN UEs
	1.46
	0.76
	1.49
	0.0%
	38%

	
	
	Macro UEs w/o LPN in AS
	1.29
	0.61
	1.29
	0.0%
	49%

	
	
	Macro UEs w/ LPN in AS
	1.38
	0.69
	1.4
	0.0%
	13%


3.4. Discussion
The results for burst rate and percentage of dropped packets for the maximum number of H-ARQ transmissions equal to 4 are provided in Figure 1 and Table 1. These results demonstrate that for the case of E-DCH decoupling disabled (where a macro Node B is the UL serving cell for SHO UEs between a macro cell and an LPN) there is a significant fraction of packets for which a connection cannot be established due to SI reception problems. This percentage is up to 80% among packets transmitted by UEs located in the SHO area between a macro Node B and an LPN and 12% among all packets transmitted in the system.
The results for 16 H-ARQ transmissions provided in Figure 2 and Table 2 demonstrate that the percentage of dropped packets among macro-LPN SHO UEs is decreased down to 16% because of more efficient H-ARQ soft combining. However, the time required for the maximum number of SI transmission attempts equals to 256 ms which makes the latency impractical. This latency increase leads to a packet service time increase which can also be seen in the provided results as a decrease of the burst rate.
When the E-DCH decoupling is enabled (where an LPN is the UL serving cell for SHO UEs between a macro cell and an LPN) the SI reception problem is absent because the UL TX power is directly controlled by the LPN at the specified BLER point of 1% after the 4th transmission attempt. As can be seen from the results, the percentage of non-transmitted packets among SHO UEs is only 0.8% and the SI transmission does not cause an additional latency increase. This leads to much higher burst rates presented for the case of E-DCH decoupling enabled in both cases of 4 and 16 H-ARQ attempts.
4. Conclusion

This document provided SLS results with direct modeling of SI reception to demonstrate its impact on the system behavior for evaluation of the E-DCH decoupling technique.
The results demonstrate that an issue of SI reception exists in HetNet scenarios with the legacy system configuration. The quantitative results are dependent on the specific maximum number of the H-ARQ attempts configured in the system. If a practical setting of maximum four H-ARQ transmissions is configured, a significant percentage of packets cannot be transmitted because the SI about a new packet waiting for a grant cannot be received at the serving Node B. This percentage in a typical HetNet scenario is up to 80% among packets transmitted by UEs located in the SHO area between a macro Node B and an LPN and 12% among all packets transmitted in the system.
For a higher number of H-ARQ attempts equal to 16 (the maximum limiting case), the fraction of non-transmitted packets can be decreased from 80% down to 16% among packets transmitted by SHO UEs. However, while not completely solving the SI reception problem, this additionally increases the latency up to 256 ms needed to perform all SI transmission attempts. Such a latency increase is not practical. Therefore, some new approach is needed for improving SI reception in HetNet scenarios.
The E-DCH decoupling technique solves the SI reception problem for SHO UEs by moving the UL serving sell functionality from a macro Node B to an LPN without an additional increase of the latency. The percentage of non-transmitted packets for E-DCH decoupling enabled among SHO UEs is below 0.8%. Therefore it is proposed to consider the E-DCH decoupling technique as a basic method for solving SI reception issues.
Proposal: Consider E-DCH decoupling as a basic method for solving SI reception issues.
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Appendix A. System Level Simulation Assumptions

A summary of system level simulation assumptions for the deployment model, traffic model and system operation are provided in Table 3, Table 4 and Table 5 respectively.

Table 3. Deployment model simulation 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
	12

	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


Table 4. Traffic model assumptions
	Parameter
	Value

	Traffic model
	Bursty

	File size distribution
	Truncated lognormal

	Mean file size
	0.0625 MB

	Standard deviation
	0.0225 MB

	Maximal file size
	0.3125 MB

	Inter-burst time distribution
	Exponential

	Mean inter-burst time (per each UE)
	5 s

	Simulation drop length
	300 s


Table 5. 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

	Number of independent SI transmission attempts
	8

	Maximum number of HARQ transmissions for SI
	4 or 16


Appendix B. Additional Simulation Statistics

B.1. Results for 4 H-ARQ Transmissions for SI
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Figure 3. CDFs of the sector throughput for the case of 4 H-ARQ transmissions
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Figure 4. CDFs of the sector RoT for the case of 4 H-ARQ transmissions
B.2. Results for 16 H-ARQ Transmissions for SI
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Figure 5. CDFs of the sector throughput for the case of 16 H-ARQ transmissions
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Figure 6. CDFs of the sector RoT for the case of 16 H-ARQ transmissions
