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Foreword

This Technical Report has been produced by the 3rd Generation Partnership Project (3GPP).

The contents of the present document are subject to continuing work within the TSG and may change following formal TSG approval. Should the TSG modify the contents of the present document, it will be re-released by the TSG with an identifying change of release date and an increase in version number as follows:

Version x.y.z

where:

x
the first digit:

1
presented to TSG for information;

2
presented to TSG for approval;

3
or greater indicates TSG approved document under change control.

y
the second digit is incremented for all changes of substance, i.e. technical enhancements, corrections, updates, etc.

z
the third digit is incremented when editorial only changes have been incorporated in the document.

Introduction

This clause is optional. If it exists, it is always the second unnumbered clause.

1
Scope

This clause shall start on a new page.

The present document …

2
References

The following documents contain provisions which, through reference in this text, constitute provisions of the present document.

-
References are either specific (identified by date of publication, edition number, version number, etc.) or non‑specific.

-
For a specific reference, subsequent revisions do not apply.

-
For a non-specific reference, the latest version applies. In the case of a reference to a 3GPP document (including a GSM document), a non-specific reference implicitly refers to the latest version of that document in the same Release as the present document.

[1]
3GPP TR 21.905: "Vocabulary for 3GPP Specifications".

[2]
RP-142250: " New Study Item proposal: Study on Network-Assisted Interference Cancellation and Suppression for UMTS ".

3
Definitions, symbols and abbreviations

Delete from the above heading those words which are not applicable.

Clause numbering depends on applicability and should be renumbered accordingly.

3.1
Definitions

For the purposes of the present document, the terms and definitions given in TR 21.905 [x] and the following apply. A term defined in the present document takes precedence over the definition of the same term, if any, in TR 21.905 [x].

Definition format (Normal)

<defined term>: <definition>.

example: text used to clarify abstract rules by applying them literally.

3.2
Symbols

For the purposes of the present document, the following symbols apply:

Symbol format (EW)

<symbol>
<Explanation>

3.3
Abbreviations

For the purposes of the present document, the abbreviations given in TR 21.905 [x] and the following apply. An abbreviation defined in the present document takes precedence over the definition of the same abbreviation, if any, in TR 21.905 [x].

Abbreviation format (EW)

<ACRONYM>
<Explanation>

4
Objective of Network-Assisted Interference Cancellation and Suppression for UMTS
The objectives of the study item are the following:
1. Identify the scenarios of interest and simulation assumptions for network assisted interference cancellation and suppression (NAICS). Both homogeneous and heterogeneous networks should be considered (RAN1):

· The scenarios of interest should consider co-channel intra-Node B and inter-Node B interference conditions. 

· Both non-MIMO interference and MIMO interference should be considered.

2. Identify the UE receiver types with interference awareness that can be beneficial in the identified scenarios. Both interference cancellation (IC) receiver and interference suppression (IS) receivers, e.g., type 3i receiver, should be considered (RAN1).

3. Investigate the potential NAICS solutions to benefit the receivers with interference awareness:

· Identify the parameters to support UE with NAICS capability, for example semi-static/dynamic, cell-specific/UE-specific parameters. The trade-off between gains, and additional overhead and implementation complexity, should be studied (RAN1, RAN2).

· Study mechanisms for offloading UEs with NAICS capability (RAN1, RAN2).

· Study solutions to resolve the CSI mismatch issue for UEs with NAICS capability, e.g., enhanced UE feedback reporting techniques (RAN1).
The study shall include considerations to minimize the impact on physical layer and legacy terminals and networks.
5
Target Scenarios

The target scenarios for the UMTS NAICS study are:
1. Intra-NodeB scenario: Interference between collocated cells in the HomoNet (UE1 in Figure x1)

In intra-NodeB scenario, the interfering cell and the serving cell are collocated at the same NodeB. The percentage of UEs in this scenario depends on the number of sectors for the NodeB, for example, 3-sector deployment or 6-sector deployment. 

2. HetNet scenario: Interference between Macro and LPN in the HetNet (UE2 in Figure x1) 

In HetNet scenario, the communications between Macro and LPN via the RNC can be either instant or with a certain delay. The percentage of UEs in this scenario depends on the deployment of LPN as well as the soft handover parameters.

3. Inter-NodeB scenario: Interference between non-collocated cells in the HomoNet (UE3 in Figure x1)

In inter-NodeB scenario, the interfering and serving cells are not collocated. It is noted that the percentage of UEs in this scenario depends on the number of sectors for the NodeB, as well as the soft handover parameters.

It should be noted that for scenarios 1~3, both non-MIMO and MIMO interference can be considered.
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Figure x1 NAICS scenarios.
6
Evaluation Methodologies

6.1
Assumptions on Receiver Architectures
Three types of receiver architecture are considered: pre-decoding IC receiver, post-decoding IC receiver and Type 3i receiver.  
6.1.1 Pre-decoding IC receiver

The high level block diagram of pre-decoding is shown in Figure x1. A simplified processing chain can be summarized as follow. 

1. The UE receives the radio signal as in the legacy Type 3i frontend, whose output is the chip sequence after LMMSE. 
2. The LMMSE signal passes through the pre-decoding IC block, where interference demodulation and reconstruction is performed. In order to demodulate the interference signal, additional information is needed, e.g., modulation type, channelization code set. The corresponding information can be either detected blindly by the UE, or signaled from the NodeB. The pre-decoding IC block only reconstructs the interference signal at symbol level. No further decoding is done for the interference signal.

3. Finally the reconstructed interference signal is subtracted from the received signal. The remaining (Post-IC) signal is used for decoding the desired signal, as well as for computing other quantities such as serving cell’s CQI and SINR.  
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Figure x1: Reference receiver architecture for pre-decoding IC
6.1.2 Post-decoding IC receiver

The high level block diagram of post-decoding IC receiver is shown in the Figure x2. A simplified processing chain can be summarized as follow. 

1. The UE receives the radio signal as in the legacy Type 3i frontend, whose output is the chip sequence after LMMSE. 

2. The LMMSE signal passes through the pre-decoding IC block, where interference decoding and reconstruction is performed. The post-decoding IC block decodes the interference signal. In order to decode the interference signal, additional information from the interfering cell is needed, e.g., TBS, RV, channelization code set. Some of the information may be too challenging to be detected blindly at the UE, so additional signaling may be useful to inform UE the corresponding information. A CRC check for the interference signal will be performed after interference signal decoding. If the decoding is correct, the interference signal will be reconstructed with high accuracy. If the decoding is not correct, reconstruction at symbol level could be performed, or no reconstruction is performed.

3. The reconstructed interference signal is subtracted from the received signal. The remaining (Post-IC) signal is used for decoding the desired signal, as well as for computing other quantities such as serving cell’s CQI and SINR.
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Figure x2: Reference receiver architecture for post-decoding IC
6.1.3 Type 3i receiver

The architecture of Type 3i receiver is described in TR25.963. It requires the estimate of the interfering cell pilot channel and the instantaneous power of the interfering cell transmit power to suppress the interference. Signalling from the interfering cell can be considered to improve the performance of type 3i receivers. One example is to send to the victim UE information related to the instantaneous transmit power of a neighbour interfering cell. This can help the victim UE to suppress interference.
6.2
 Evaluations in HetNet Scenario
The simplified topology illustrated in Figure x1, which has been used during the HetNet study, is to be used for the evaluations in HetNet scenario. The detailed descriptions of the evaluation methodology in HetNet scenario can be found in TR25.800, Section 7.1.8.3. 
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Figure x1: The simplified topology to analyze the ICS receiver in HetNet scenario
Table Y: Received signal powers at each UE location

	UE Location
	LPN Ior / Ioc [dB]
	Macro Ior / Ioc [dB]
	Macro2 Ior/Ioc [dB]

	L1
	5.2774
	18.555
	0.92192

	L2
	8.3307
	18.003
	0.66949

	L3
	12.144
	17.59
	1.1988

	L4
	16.951
	17.167
	1.6937

	L5
	23.603
	16.737
	2.1588

	L6
	34.812
	16.302
	2.5979


6.3
Evaluations in HomoNet Scenario
For the HomoNet scenario study, a simplified topology is used for the evaluations. A network model with 57 Macros is assumed. As illustrated in Figure x2, 8 possible UE locations are created and shown in the figure (marked from L1 to L8). In the following we elaborate the network layout and UE locations.
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Figure x2: The simplified topology to analyze the ICS receiver in HomoNet scenario
A hexagonal cell structure is assumed with ISD = 500 meters. Cell1, Cell2 and Cell3 are collocated at NodeB1, whose position is the origin. Cell4 is at NodeB2, which is located to the left of NodeB1. The selected UE locations should be able to be served by Cell1 or Cell2. It is assumed that Cell1’s RSCP is stronger than Cell2’s RSCP such that RSCP(Cell2) – RSCP(Cell1) should vary from -9dB to 0dB. Based on this rule, we assume 8 locations L1, L2, …, L8 lie near the border of Cell1 and Cell2. The coordinate of the locations are listed in Table x1.

Table x1: Coordinates of L1~L8

	UE Location
	Coordinates

	L1
	[-500/3, 0]

	L2
	[-500/3, 10]

	L3
	[-500/3, 20]

	L4
	[-500/3, 33]

	L5
	[-500/6, 0]

	L6
	[-500/6, 5]

	L7
	[-500/6, 10]

	L8
	[-500/6, 16]


We assume that all 57 Macro cells transmit with full power and shadow fading is off. Cell1, Cell2 and Cell4 are modeled in the link-level simulator. All other 54 Macro cells are considered to be as the part of additive white Gaussian noise, Ioc. In Table x2, the Ior/Ioc for Cell1, Cell2 and Cell4 is listed for different UE locations. Note that location L1, L2, …, L8 can be served by both Cell1 and Cell2 depending on the CIO.
Table x2: Received signal powers at each UE location

	UE Location
	Cell1 Ior / Ioc [dB]
	Cell2 Ior / Ioc [dB]
	Cell4 Ior / Ioc [dB]

	L1
	0.9284
	0.9284
	1.3652

	L2
	2.2069
	-0.4839
	1.3492

	L3
	3.3436
	-2.0188
	1.3011

	L4
	4.6009
	-4.1759
	1.1889

	L5
	7.0488
	7.0488
	-7.4781

	L6
	8.3485
	5.6575
	-7.4589

	L7
	9.5478
	4.1851
	-7.4018

	L8
	10.846
	2.3283
	-7.2863


7
Study Areas

7.1
Parameters to Support UE with ICS Capability
7.2
CQI Mismatch Issue
When a more advanced IC receiver, such as pre-decoding IC or post-decoding IC, is adopted in realistic deployments, besides the geometry and the Dominant Interferer Proportion (DIP) of the dominant interferers, the transmission structure also greatly impacts the performance of ICS receivers. 
In slow moving channel, e.g., PA3, since the channel is coherent in time, factors like geometry and DIPs do not change sharply over consecutive TTIs. The interference structure, however, would change sharply between TTIs, because the NodeB scheduler is not designed to generate a sequence of TTIs with few variations on interference structure. An IC UE instantaneous CQI estimation would have large variations and this would make the reported CQI inaccurate. 
This characteristic of the transmission structures from the dominant interferers cause the CQI mismatch issue for ICS UEs. Consider the pre-decoding IC receiver: the receiver instantaneous measured CQI has large variation due to the change of the interferer modulation. For example, when the UE reports the CQI to the network, the interferer is QPSK, and IC efficiency is high. When the UE is scheduled, the interferer is 64 QAM, and the IC efficiency is low. However, the network can only use the previously reported CQI to schedule the UE, making the actual scheduled CQI higher than the CQI the UE should use. This is the CQI mismatch issue and it would eventually cause performance degradation of the IC UE.
7.2.1 Performance of ICS UE without CQI mismatch
7.2.1.1 Evaluation Methodology

In order to investigate the potential gains introduced by mitigating the CQI mismatch, an evaluation methodology and simulation assumption is proposed in this section.
7.2.1.1.1 Triple radio-link simulation to model the serving and interferer links
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Figure x illustration of dual radio-link modelling for evaluation on CQI mismatch
As shown in Figure x, a triple radio-link simulation is modelled in the link level simulations, where:

· Serving radio link: one radio link models the serving link between the serving NodeB and the ICS UE;

· Interferer radio link 1: one radio link models the strongest dominant interferer link; 

· Interferer radio link 2: one radio link models the second strongest interferer link.

To investigate the interference structure impact, different structures should be firstly modelled and defined for different factors impacting the IC efficiency. As an example, Table x gives the potential definition for interferer structures. 

Table x Modelling of interferer structure in triple radio-link simulations
	The factors impacting the IC efficiency
	Interferer’s HS-PDSCH modulation type
	Interferer’s HS-PDSCH TB size
	Interferer’s power on HS-PDSCH

	Interferer Structure 1
	Interferer structure with low order modulation, such as QPSK
	Interferer structure with the TBS which can be decoded by ICS UE correctly
	Interferer structure with low power HS-PDSCH transmission

	Interferer Structure 2
	Interferer structure with High order modulation, such as 16QAM and 64QAM
	Interferer structure with the TBS which can be decoded by ICS UE incorrectly
	Interferer structure with high power HS-PDSCH transmission


Furthermore, the scheduled sequence of the interferer’s structure should be also modelled in the interferer radio link in the triple radio-link simulations. Optionally one method is obtaining the distribution of different interferer structures from the system level simulation results. Another method is assuming the round robin scheduling.
7.2.1.1.2 Methodology for comparing performance with/without CQI mismatch
The potential gains of mitigating the CQI mismatch can be obtained by comparing the performance of the following two cases.locations of IC UE













































































































· ICS performance with CQI mismatch: the legacy ICS UE is considered, which does the CQI evaluation and filering normally regardless the interferer structures. When the serving NodeB schedules the ICS UE, the reported CQI is used.
· ICS performance with CQI mismatch mitigation: When the serving Node B choose the TB size for the ICS UE, the scheduled CQI is obtained by compensating the CQI mismatch caused by the interferer structure difference. 
Regarding the normal ICS performance with CQI Mismatch, the CQI measurement and the TBS selection/scheduling are the same as the normal operation in legacy system. If the interferer structure used in the moment CQI measured is different from the interferer structure used in the moment CQI used, there exists CQI Mismatch between the current interferer structure and the used CQI values.

Regarding the ICS performance with CQI mismatch mitigation, for each UE’s location, link simulations are run in advance to obtain the serving CQI value sequence for each Interferer structure by fixing the interferer structure in the interferer radio link. For the reason that the Interferer structure is fixed for each simulation, the obtained CQI value sequences correspond to the ideal CQI values which can be achieved by mitigating the CQI mismatch.

Simulation 1 and simulation 2 are run separately for obtaining the sequences of measured CQI for the cases when the interferer radio link has fixed structure of interferer structure 1 and 2. In order to compare the performance, the used fading channels of serving and interferer radio links are set exactly the same for all link level simulations. 

After obtaining the CQI value sequence for each interferer structure, another improved link simulation (e.g. simulation 3) is run to evaluate the potential performance by mitigating the CQI mismatch issue. A random sequence of scheduled interferer structure obtained from the system level simulation is transmitted in the interferer radio link to model the realistic interferer structure variations. When the TB size of the ICS UE is chosen, the instantaneous interferer structure on the corresponding TTI is taken as an input parameter, and the scheduled CQI value is looked up from the CQI value sequence of the corresponding interferer structure, which is obtained in advance from simulation 1 and 2. By doing this, the compensation for correcting the mismatch due to different interferer structures is modelled in the link level simulations. 

By comparing the performance from the legacy simulation and improved simulation 3, the potential gain of resolving CQI mismatch issue can be obtained. It should be noted that the fading channels of both the serving radio link and the interferer radio link must be set exactly the same for all simulations to make the performance comparable. Also the produced sequence of interferer structure from interferer radio link should be also the same for legacy simulation and improved simulation 3.
Some additional information related to the simulation is listed below:
· The misalignment effect of TTIs (interference changes within TTIs) was not considered in the simulation results.
·  Blind detection is performed by the UE.

· Two interferer cells are modelled. 
· For Type 3i UE, two interferer cells are considered. 
· For pre-decoding IC UE, two interferer cells are considered, however only the signal from the main interferer cell is reconstructed and then subtracted from the received signal. The main interferer cell is the strongest interferer cell.
· Interferer structures will be different for different receiver. 
· For Type 3i UE, the power of the interference signal will impact the receiver performance, so the two interferer structures are signal without HS-PDSCH transmission and signal with full power HS-PDSCH transmission, which means that the interference is 20% and 100% of the interferer cell’s power, respectively. The occurrence probability of each interferer structure is 50%, and there is no correlation between TTIs. This interferer structure can be found when bursty traffic occurs. The Type 3i receiver is aware of the power level of the interferer as in [3].
· For pre-decoding IC UE, several factors of interference signal structure will impact the IC efficiency, such as HS-PDSCH power, modulation type and number of codes. In our simulations, the interfering cell transmits signals with different interferer structures as listed in Table y. There is no correlation between TTIs. The pre-decoding IC receiver is aware of the modulation type and number of codes of interferer.
Table y: Modulation, number of codes and probability of different interference structures
	# of codes
	Modulation
	Probability

	1
	QPSK
	0.05

	5
	QPSK
	0.20

	10
	QPSK
	0.05

	15
	QPSK
	0.15

	4
	16QAM
	0.20

	8
	16QAM
	0.05

	15
	16QAM
	0.20

	3
	64QAM
	0.05

	15
	64QAM
	0.05


· For the CQI feedback it is assumed a delay of 4 TTIs. This assumption holds for both cases: with and without CQI mismatch. If the upper bound (without CQI mismatch) is evaluated for the ideal case of no delay for CQI feedback, clearly the performance gap between with and without CQI mismatch is larger.
7.2.1.2 Simulation Results
7.2.1.2.1 Upper bound performance of Type 3i UE

In this section, we look at the gains when the CQI mismatch is removed. It is considered the average throughput of the UE served by the LPN for the HetNet case, and the UE served by Cell2 for the HomoNet case. The UE receiver is Type 3i. The gain for the Type 3i receiver without CQI mismatch over the Type 3i receiver with CQI mismatch is significant, especially in the HetNet scenario, as shown by the results in Table z1 and z2. 
Table z1: Gains from removing the CQI mismatch in HetNet scenario for Type 3i UE (PA3)
	Type 3i, HetNet 

	UE Location
	Gain

	L1
	27.17%

	L2
	18.41%

	L3
	12.62%

	L4
	10.21%

	L5
	9.04%

	L6
	3.07%


Table z2: Gains from removing the CQI mismatch in HomoNet scenario for Type 3i UE (PA3)
	Type 3i, HomoNet 

	UE Location
	Gain

	L1
	6.11%

	L2
	10.06%

	L3
	12.88%

	L4
	17.47%

	L5
	5.63%

	L6
	7.96%

	L7
	11.06%

	L8
	14.78%


From Table z1 and Table z2, for Type 3i receiver, over 10% gain from CQI mismatch issue can be observed when the interference_cell_Ior/serving_cell_Ior is large.
The ratio of the interferer_cell_Ior and the serving_cell_Ior is larger in L2 than in L4 in HetNet scenario, and the gain from CQI mismatch is also bigger in L2 than in L4. For Type 3i receiver, power of interference signal impacts the receiver performance. When the interferer_cell_Ior/serving_cell_Ior increases, the power difference between the interference signal with full HS-PDSCH power and that without HS-PDSCH power becomes larger, hence the CQI difference at the serving cell between these two scenarios will increase, which means the CQI mismatch issue becomes more severe. Thus the gain due to CQI mismatch becomes large. 
Similar observations can be found in HomoNet scenario.
Observations 1: For Type 3i receiver, the gain from removing the CQI mismatch becomes larger when the interference_cell_Ior/serving_cell_Ior increases.

7.2.1.2.2 Upper bound performance of pre-decoding IC UE

In this section, we look at the gains in average UE throughput for pre-decoding IC UE. Table z3 and Table z4 show the gain of pre-decoding IC receiver over Type 3i receiver in PA3 channel, both with and without CQI mismatch. The IC gain is significantly large independently if the CQI mismatch exists or not. 
As illustrated in chapter 7.2.x.1, interferer signal used in this simulation has different modulation type and number of codes, but the same power. For Type 3i receiver, the interferer signal is transmitting with full power in this simulation.
Table z3: Pre-decoding IC gains in average LPN UE throughput in HetNet scenario (PA3)
	UE Location
	Pre-decoding IC w/ CQI mismatch over Type 3i
	Pre-decoding IC w/o CQI mismatch over Type 3i

	L1
	69.15%
	82.76%

	L2
	49.45%
	60.24%

	L3
	35.27%
	45.06%

	L4
	24.36%
	30.45%

	L5
	13.55%
	16.37%

	L6
	5.25%
	5.34%


Table z4: Pre-decoding IC gains in average Cell2 UE throughput in HomoNet scenario (PA3)
	UE Location
	Pre-decoding IC w/ CQI mismatch over Type 3i
	Pre-decoding IC w/o CQI mismatch over Type 3i

	L1
	8.91%
	12.43%

	L2
	10.09%
	18.55%

	L3
	10.99%
	24.70%

	L4
	15.95%
	35.99%

	L5
	14.16%
	19.82%

	L6
	18.25%
	26.28%

	L7
	22.81%
	34.24%

	L8
	31.33%
	45.51%


From Table z3 and Table z4, the following observations can be made.

We firstly analyze the pre-decoding IC gains over Type 3i. In HetNet scenario, for L1~L4, interference strength is stronger than serving signal strength. When there is CQI mismatch issue, the IC gain at L1 is 69.15%, much higher than the IC gain at L4, which is 24.36%. When there is no CQI mismatch issue, the IC gain at L1 is 82.76% while at L4 it is 30.45%. It can be seen that more IC gains can be expected with stronger interferer. Similar observations could be found in HomoNet scenario.
Observations 2: More IC gain can be obtained in the scenarios with stronger interference.
Then, we compare the IC gains w/ CQI mismatch and the gains w/o CQI mismatch. In HetNet scenario with PA3 channel model, at L3, about 10% more gains could be observed from the IC gain w/o CQI mismatch issue. At L1, about 13% more gains could be observed, where the interference strength becomes larger. This is because when interference strength is large, the CQI difference will also be large for different interference structures. In this case, the CQI mismatch issue would become more severe. Thus the gain w/o CQI mismatch is larger at L1 than at L3. Similar observations can be found in HomoNet scenario. As a result, we have the following observation:
Observations 3: For pre-decoding IC receiver, an upper bound about 10% more gain can be obtained by UE w/o CQI mismatch than UE w/ CQI mismatch. Such gain becomes larger as the interference strength increases.
7.2.2 A Solution for CQI Mismatch Issue
One potential solution is that the UE maintains and reports different types of CQI values associated to different types of interferers. The different types of interferers can be characterized by the interferer transmitting 

1. a different modulation type, for example QPSK or 16QAM or 64QAM; or

2. a TBS that can be successfully decoded by the UE that performs interference cancellation; or

3. at (or above) a certain power level.

Table x illustrates examples of different interferer structures. If the CQI is associated to an interferer type, that CQI is calculated from historical instantaneous CQI values measured at the UE when the interferer is of that type. The UE then would filter those instantaneous values over a certain time interval similarly to the processing done currently for the CQI.

Table x Examples of interferer structures with different receiver types
	
	Pre-decoding IC UE
	Post-decoding IC UE
	Type 3i UE

	Interferer Type 1 transmission
	QPSK modulation
	TBS decoded correctly by post-decoding IC UE
	low power

	Interferer Type 2 transmission
	16QAM and/or 64QAM
	TBS decoded incorrectly by post-decoding IC UE
	high power
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  Figure x Illustration of maintaining different CQI types at the UE
Figure x illustrates an example of different CQI types maintained at the UE. In this example, an IC UE is assumed, and the CQI value is based on the measurements over several TTIs where a certain type of interference exists. 

UE has knowledge of the interferer type by estimating the interferer signal or by receiving signalling from NodeB. Then UE calculates and maintains different types of CQI for each interferer type. The different maintained CQI values are then reported to the serving cell.
When the serving cell has to schedule an IC UE in the incoming TTI, it would first check the interferer type for that TTI, and then schedule the IC UE with the CQI whose type is matched to the interferer type. In this way the IC UE is scheduled with a proper CQI value and the CQI mismatch issue is mitigated. 
It is noted that this solution is only applicable to the scenarios when the serving cell and the interfering cell are co-located in the same NodeB or there is some communications between them (i.e., Macro and LPN), the serving cell would be able to obtain the interferer type in the incoming TTI.By using this solution, the UE is scheduled using the CQI value which is matched to the interferer type. The CQI mismatch issue is solved and the system performance will be improved.
7.3
Offloading Enhancements

In order to improve the resource utilization of a lightly loaded cell, it is the legacy offloading mechanism to configure a larger CIO towards the lightly loaded cell so that more UEs can be offloaded to that cell. One typical scenario is heterogeneous networks (HetNet), where a larger CIO towards the LPN is desired to increase the LPN coverage, so that more UEs can be served by the LPN. Homogeneous networks (HomoNet) deployment is also a typical scenario when a lightly loaded cell is able to serve more UEs. However, doing this is at the cost of the link performance of the offloaded UE, because the RSCP of the lightly loaded cell is generally several dBs worse than that of the original serving cell. With the introduction of UEs with ICS capability, although the RSCP of the lightly loaded cell is low, link performance can be improved with the ICS functionality. As a result, the CIO that can be applied to a UE with an advanced receiver would be larger. In the following, we investigate the scenarios when a larger CIO can be beneficial to a UE with or without ICS capability. 
Two factors would be considered when considering the benefit of offloading in the system:

1. System gain via offloading. If the cell edge UE is offloaded from a heavily loaded cell to a lightly loaded cell, it is beneficial for the heavily loaded cell, regardless of the UE performance before or after offloading, because there will be more resource at the heavily loaded cell after offloading. The overall performance of the heavily loaded cell will be improved. However, the gain at the lightly loaded cell depends on the UE performance after offloading. It is desirable to offload a UE with a more advanced receiver so that higher throughput can be obtained at the lightly loaded cell and more gain in the system can be achieved. Otherwise, the 5%-tile performance for the lightly loaded cell would be poor.

2. UE experience after offloading. The UE link level performance at the heavily loaded cell would be better than that at the lightly loaded cell. However, considering the available resource ratio of the heavily loaded cell and the lightly loaded cell, it is possible for the UE to experience a higher throughput after offloading. This is also desirable for the system 5%-tile performance. The overall UE experience in the system can be improved.
In order to motivate a cell change, the network needs, at the bare minimum, information on the load situation from the source and target cells as well as the link quality for the to-be-offloaded UE with respect to these source and target cells.
7.3.1 Evaluation
7.3.1.1 Simulation modeling

A 3-cell layout is modeled in this contribution. One cell is the serving cell and other two cells are the interfering cells. For type 3i UE, two interfering cells can both be equalized. For pre-decoding IC UE, only the signal from the main interfering cell is subtracted from the received signal.

7.3.1.2 HetNet scenario

We use the simplified HetNet topology proposed in [3] to evaluate the impact of CIO to UEs with different receiver capabilities. Figure 1 shows the topology. It can be seen that for L1~L6 locations the UEs are located near the edge of Macro and LPN. The serving cell of a UE at any of the L1~L6 locations depends on the CIO configuration. 
[image: image9.png]



Figure X Simplified topology for HetNet scenario
Table 1 shows the CIO configurations and the corresponding serving cells. Since for locations L4~L6, the UE is always served by the LPN regardless of the CIO configurations, the evaluations only considers locations L1~L3, for which either Macro or LPN can be the UE serving cell, depending on the CIO configurations.
Table x Serving cells of the UE at L1~L6 with different CIOs

	Serving cell
	CIO = 12 dB
	CIO = 9 dB
	CIO = 6 dB
	CIO = 3 dB
	CIO = 0 dB

	Macro
	None
	L1
	L1, L2
	L1~L3
	L1~L3

	LPN
	L1~L6
	L2~L6
	L3~L6
	L4~L6
	L4~L6


Table x1 shows the gains of Type 3i over Type 3, and the gains of pre-decoding IC over Type 3 at L1~L3 locations when LPN is the serving cell. For a certain receiver type, two link level throughputs are simulated for each of the locations: one throughput is calculated assuming Macro as the serving cell, and another throughput assuming LPN as the serving cell. First we discuss the throughput difference of Type 3, Type 3i and pre-decoding IC when the UE is served by the LPN. Significant performance difference can be seen among these UE receivers, especially when the UE is closer to the Macro. Such difference is caused by the UE capability to handle interference. As Type 3 receiver cannot suppress interference, its performance is only related to the geometry of the location. Type 3i receiver can perform LMMSE based interference suppression, and its performance also depends on the IS efficiency at various locations. As pre-decoding IC receiver handles interference better than Type 3i receiver, its performance is the best. It is more desirable for the system to offload a UE to the LPN that can have best performance when served by the LPN.  As shown in Table x1, IC UE performs best when served by the LPN, so it would be better to offload IC UE to LPN early. Therefore, it is more desirable for a lightly loaded cell to increase its coverage by offloading a UE with more advanced receiver.
Table x1 Gains when LPN is the serving cell
	
	L2
	L3

	Gain (Type 3i/Type 3)
	345%
	202%

	Gain(IC/Type 3)
	564%
	309%


Link throughput results can be regarded as results assuming that the UE is scheduled with 100% of the Macro or LPN resources and they cannot be considered as the UE throughput in the system when it is served by Macro or LPN. In order to emulate the system throughput, in which case the UE is scheduled with a certain ratio of the available resource we calculate the system throughput as follows:

System_Tput_Ratio (Macro/LPN) = Available_Resource_Ratio (Macro/LPN) * Link_Tput_Ratio (Macro/LPN)

where the Available_Resource_Ratio (Macro/LPN) corresponds to the ratio between the available resource at the Macro and at the LPN: if less than 1, it means that less resource are available for the UE at the Macro than at the LPN. In the following evaluations, it is practical to assume that the available resource ratio of Macro and LPN is always less than 1, because the Macro needs to serve more UEs than the LPN. It is noted that the System_Tput_Ratio does not capture the real system throughput as obtained in system simulations. The actual system throughput of the UE obtained via the system simulation may differ.
If the system throughput ratio of Macro and LPN is greater than 1, then the UE throughput in the system at the Macro is higher than that at the LPN. Otherwise, UE throughput at the LPN is higher than that at the Macro. This ratio can therefore be a simplified metric to see whether a certain CIO for offloading can improve the UE experience at a certain location.

Results for Type 3 and IC receivers at L2 and L3 locations are shown as examples. The curves for the ratio of available resource vs. ratio of system throughput are depicted in Figure x1.
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Figure x1 Available resource ratio and system throughput ratio (Macro/LPN)

Table x2 shows the available resource ratio when system throughput ratio is 1, meaning that the UE has the same experience before and after offloading.

Table x2 Available resource ratio (Macro/LPN) when system throughput ratio is 1

	
	L2
	L3

	Type 3
	7.7%
	25%

	Pre-decoding IC
	41%
	63.2%


From Figure x1, it can be seen that at L2, Type 3 receiver throughput at the Macro is still much better than that at the LPN even when the available resource at the Macro is 1/10 of the LPN. It means that a Type 3 receiver can have almost no chance to have a better experience after offloading. The edge throughput at the LPN would also be small after offloading a UE with Type 3 receiver. For pre-decoding IC receiver, however, the UE can enjoy a better experience at the LPN when available resource at the Macro is less than about 41% of that at the LPN, as shown in x2. It means that offloading a UE with pre-decoding IC receiver would likely improve the UE performance. As a result, in this scenario 6 dB CIO is not suitable for a Type 3 receiver (since there is a performance loss with increased offloading), but it is beneficial for a pre-decoding IC receiver.

At L3, Type 3 receiver can enjoy a higher throughput at the LPN when the available resource at the Macro is less than about 25% of that at the LPN. Then increasing the CIO to 3 dB is beneficial for the UE with Type 3 receiver. Similarly, a pre-decoding IC receiver can also enjoy a much higher throughput at the LPN at L3 when the available resource at the Macro is 63% of that at the LPN.

From the evaluations above, it can be seen that it would be beneficial to consider UE receiver capability when applying the CIO values to the UE to do the offloading. A CIO value chosen independently of the UE receiver capability would be harmful for the UE performance.
7.3.1.3 HomoNet scenario
We use the simplified HomoNet topology illustrated in Figure x2. It can be seen that in L1~L8 are the UEs are located near the edge of Cell1 and Cell2. Cell1 is heavily loaded and Cell2 is lightly loaded.
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Figure x2 Simplified topology for HomoNet scenario
Table x3 shows the CIO configurations and the corresponding serving cells. 

Table x3 Serving cells of the UE at L1~L8 with different CIOs

	Serving cell
	CIO = 9 dB
	CIO = 6 dB
	CIO = 3 dB
	CIO = 0 dB

	Cell1
	None
	L4

L8
	L3, L4

L7, L8
	L2~L4

L6~L8

	Cell2
	L1~L4

L5~L8
	L1~L3

L5~L7
	L1, L2

L5, L6
	L1

L5


Table x4 Gains when Cell2 is the serving cell

	
	L1
	L2
	L3
	L4
	L5
	L6
	L7
	L8

	Gain (Type 3i/Type 3)
	26%
	32%
	41%
	62%
	45%
	71%
	107%
	167%

	Gain(Pre-decoding IC/Type 3)
	38%
	45%
	57%
	88%
	66%
	102%
	154%
	251%


Similar observations from Section 7.3.1.2 can be made, that it is more desirable for a lightly loaded cell to increase its coverage by offloading a UE with more advanced receiver.

Then, we consider the system performance of the UE using the following calculation:

System_Tput_Ratio (Cell1/Cell2) = Available_Resource_Ratio (Cell1/Cell2) * Link_Tput_Ratio (Cell1/Cell2)

It is assumed that Cell1 load is heavier than Cell2 load, and the available resource ratio of Cell1 and Cell2 is always smaller than 1. It is noted that the System_Tput_Ratio does not capture the real system throughput as obtained in system simulations. The actual system throughput of the UE obtained via the system simulation may differ. 

Type 3 and pre-decoding IC receivers at (L3 and L7), and (L4 and L8) are used in the evaluations as examples. It is noted that the UE can be offloaded to Cell2 at L3 and L7 with the same CIO of 6dB, while at L4 and L8, with the same CIO of 9dB. If the system throughput ratio of Cell1 over Cell2 at the selected location is smaller than 1, offloading the UE to Cell2 can improve UE performance.
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Figure x3 Available resource ratio and system throughput ratio (Cell1/Cell2) 
Table x5 shows the available resource ratio when system throughput ratio is 1, meaning that the UE has the same experience before and after offloading.

Table x5 Available resource ratio (Cell1/Cell2) when system throughput ratio is 1
	
	L1
	L2
	L3
	L4
	L5
	L6
	L7
	L8

	Type 3
	100%
	50%
	25%
	9.2%
	100%
	52%
	27%
	11%

	Pre-decoding IC 
	100%
	59%
	32%
	15%
	100%
	73%
	52%
	34%


From Figure x3, it can be seen that the curves for Type 3 receiver at (L3 and L7), and (L4 and L8), are very similar. If a 6dB CIO is set for a Type 3 receiver, there is some chance for the UE to obtain a higher throughput after offloading. However, 9dB appears to be not suitable for a Type 3 receiver. 

For pre-decoding IC receiver, the curves at these two sets of locations are very different. At L7, the UE can enjoy a higher throughput after offloading when Cell1resource is around 52% of Cell2, as shown in x5. At L3, however, this happens only when Cell1 resource is 32% of Cell2. Similar observations can be found between L4 and L8, where the ratios are 15% and 34%, respectively. At L4, even a pre-decoding IC receiver can hardly get any chance to enjoy a higher throughput after offloading with a 9dB CIO.
This is because the interference environment at L7 or L8 would result in higher IC efficiency than L3 or L4. At L7 or L8, the dominant interferer strength is much larger than other interferers. At L3 or L4, however, the dominant interferer strength is similar to other interferers, resulting in a low IC efficiency. The RSCP based CIO measurement cannot reflect the IC efficiency difference. As a result, we can see that to offload a UE with ICS capability, interference environment should also be considered.  
7.3.1.4 Observations

From the above results, it can be observed that:

Observation 1: A larger CIO can be applied for a UE with higher capability to handle interference.

Observation 2: Whether a UE with ICS capability can achieve better performance after offloading depends also on the interference environment.
7.3.1.5 Other factors to be considered
As discussed in the HetNet SI, control channel performance, especially F-DPCH reception quality, should be considered when determining whether to offload a UE to the neighbor cell. If F-DPCH reception quality is poor at the serving cell, out-of-sync will occur, resulting in radio link failure. According to the conclusion in TR25.800, Section 7.2.1.1.7, it is possible to operate at a CIO of 9 dB for dual antenna UE. So, the maximum CIO value used for offloading purpose would be within the range of 9 dB.

In summary, it is beneficial to consider enhanced offloading mechanisms for UE with ICS capability. The major factors to be considered in the offloading mechanism design would be UE receiver capability, interference environment and control channel performance.
7.3.2 Solutions for Offloading Enhancements
7.3.2.1 Solution 1
In order to reflect the link performance of a UE in a cell, SINR of the P-CPICH after IC/IS can be used instead of RSCP. The SINR can be obtained by filtering the instantaneous SINRs. As will be shown from the simulation results, this new measurement can not only distinguish the UE receiver type but also the interference environment, because these factors can be reflected in the SINR after IC/IS. Therefore, the introduction of the new measurement can better assist offloading and achieve higher system capacity and UE throughput.
The detailed solution is described as below:

When the UE is configured with the SINR quantities, the UE would use the same legacy formula to trigger the report event: 
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In the formula, however, M_NotBest and M_Best are from SINR measurements. Because CIO is the offset based on the measurement quantities, the CIO here is therefore an SINR offset instead of an RSCP offset. When the formula is satisfied, a measurement report will be triggered and sent to the network. The network will then initiate the serving cell change procedure for that UE like legacy.
As UE is always estimating SINR for the serving cell to generate CQI, the new requirement at the UE is its capability to estimate SINR for the candidate serving cell, which can be configured by the network. For example, when the network has the need to expand its serving region by offloading, it can initiate the UE for the SINR measurement at the candidate serving cell. In order to avoid making excessive SINR estimation for all cells, the network can trigger the UE to start the new measurement to some specific cells that have the need for range expansion. For example, in HetNet scenario, the new measurement would be applied to the LPN whose CIO is large. In HomoNet scenario, the new measurement would be applied to a lightly loaded cell whose CIO is large.
7.3.2.1.1 Evaluation Results
Table x1 shows the SINR difference and the link performance difference with different receiver types for HetNet scenario. The SINR difference is the difference between the received SINR of the P-CPICH from the Macro cell and the received SINR of the P-CPICH from the LPN. 
	Table x1 SINR and link performance with different receiver types for HetNet
　
	Type 3
	Type 3i
	Pre-decoding IC

	Location
	SINR difference（dB）
	Macro over LPN Link Performance Ratio
	SINR difference (dB)
	Macro over LPN Link Performance Ratio
	SINR difference (dB)
	Macro over LPN Link Performance Ratio

	L1
	21.25
	39.27
	14.06
	6.51
	11.81
	4.06

	L2
	15.81
	12.98
	9.73
	3.48
	8.08
	2.51

	L3
	8.92
	3.96
	5.25
	1.89
	4.36
	1.58


From the simulation results it can be seen that different receiver types result in very different link performance at the same location, where the RSCP difference of Macro and LPN is the same. For example, at L2, the SINR difference is 15.81 dB for Type 3 receiver and the performance different between macro and LPN is 12.98. But for pre-decoding IC receiver, the SINR difference at L2 reduces to 8.08 and performance different reduces 2.51. Table x1 shows that the SINR difference can reflect the link performance difference, even when RSCP difference is the same. Difference receiver types can be distinguished via SINR difference accordingly.
According to the SINR difference results in Table x1, we are able to derive the serving cell association in Table x2, with different CIO configurations. When CIO is 9 dB, a pre-decoding IC UE located at both L2 and L3 can be offloaded to LPN. For a Type 3i UE, however, only at L3 it can be offloaded to the LPN. For a Type 3 UE, it cannot be offloaded to the LPN at all locations. As a result, the new measurement quantity allows the LPN to cover a larger serving area only with UEs having a more advanced receiver.  For the UEs with less advanced receiver, the LPN would only cover a smaller serving area. 
Table x2 UE serving cell association for different CIOs* 
	
	Serving cell
	CIO=9 dB
	CIO=6 dB

	Type 3
	Macro
	L1, L2, L3
	L1, L2,L3

	
	LPN
	None
	None

	Type 3i
	Macro
	L1, L2,
	L1, L2,

	
	LPN
	L3
	L3

	Pre-decoding IC
	Macro
	L1
	L1, L2,

	
	LPN
	L2, L3
	L3


* The serving cell association results for CIO=0dB are the same as the results in subclause 7.3.1.2, Table x, CIO=0dB.
Next, we show results for the homogeneous network scenario. Table x3 shows the SINR difference and link performance difference of different receiver type for HomoNet scenario. The SINR difference is the difference between the received SINR of the P-CPICH from the cell1 and the received SINR of the P-CPICH from the cell2. From the simulation result it can be seen that the UE having same receiver but with different interference environment has very different SINR and performance difference. Take L4 and L8 for example, thought their RSCP differences are 8.8dB and 8.5dB respectively, the link performance ratio are however 6.62 and 2.98, which is quite large. The link performance difference is caused by interference environment, because cell2’s DIP at L4 is much worse than at L8. It is obviously more suitable to offload a UE to cell2 at L8 than at L4. The SINR difference at L4 is 9.79 dB while at L8 is 8.09 dB. The SINR difference is able to reflect the interference environment differences. 
Table x3 SINR and link performance with different receiver types for HomoNet
	　
	Type 3
	Type 3i
	Pre-coding IC

	Location
	SINR difference（dB）
	Cell1 over Cell2 link Performance Ratio
	SINR difference (dB)
	Cell1 over Cell2 link Performance Ratio
	SINR
 difference (dB)
	Cell1 over Cell2 link Performance Ratio

	L1
	0
	1
	0
	1
	0
	1

	L2
	3.41
	2.01
	3.14
	1.81
	3.09
	1.76

	L3
	6.8
	4.03
	6.22
	3.28
	6.11
	3.11

	L4
	11.38
	10.89
	10.27
	7.48
	9.79
	6.62

	L5
	0
	1
	0
	1
	0
	1

	L6
	4.07
	1.93
	2.79
	1.47
	2.44
	1.38

	L7
	8.14
	3.78
	5.54
	2.18
	4.97
	1.93

	L8
	12.74
	8.76
	9.05
	3.68
	8.09
	2.98


According to the SINR differences results in Table x3, we are able to derive the serving cell association in Table x4 with different CIO configurations. When CIO is 9 dB, a pre-decoding IC UE at L8 can be offloading to cell2, while the UE at L4 cannot be offloaded to cell2, though the RSCP differences at L4 and L8 are almost the same. When CIO is 6dB, a pre-decoding IC UE at L7 can be offloaded to cell2 but not at L3, though the RSCP differences at L3 and L7 are almost the same. As a result, for IC/IS UE, the new measurement quantity allows a cell to cover a larger serving area with relatively better interference environment. .
	Table x4 UE serving cell association for different CIOs* 
　
	Serving cell
	CIO=9 dB
	CIO=6 dB

	Type 3
	Cell1
	L4, L8
	L3~L4
L7~L8

	　
	Cell2
	L1~L3
L5~L7
	L1~L2
L5~L6

	Type 3i
	Cell1
	L4, L8
	L3~L4
L8

	　
	Cell2
	L1~L3
L5~L7
	L1~L2
L5~L7

	Pre-decoding IC
	Cell1
	L4
	L3~L4
L8

	　
	Cell2
	L1~L3
L5~L8
	L1~L2
L5~L7


* The serving cell association results for CIO=0dB are the same as the results in subclause 7.3.1.3, Table x3, CIO=0dB.
7.3.2.1.2 Summary
As discussed above, it can be seen that new measurement quantity, i.e., SINR difference not only reflects the difference of receiver types but also the difference of interference environments. UE can trigger the handover event more appropriately than the legacy offloading handover based on RSCP difference.

7.3.2.2 Solution 2
Load information is available in the network in a variety of forms and is not considered troublesome to obtain. For example, the RNC collects downlink transmit power C-PICH measurements, path-loss estimates information from cells in the active set and can use this information to estimate whether offloading will improve the load balance in the network. 

Link quality information for HSDPA is typically given by Channel Quality Information (CQI). Downlink CQI is calculated in the UE based on CPICH measurement and then forwarded to the network via HS-DPCCH. To enable offloading, an estimate of the link quality, based on CQI measurements, from the serving cell as well as other cells in the active set are of interest (at least the second best cell). 

The link quality information provided by CQI is very short term and varies on a TTI basis. In order to provide a stable offloading mechanism, that instantaneous measurement should be smoothed over a longer period. This will avoid creating a scenario where a UE gets offloaded back and forth as soon as the channel situation worsens.  

Definition of the second best cell
The cell that is designated as the target of the offloading procedure is called the second-best cell. In this definition, it is understood that the cell constitutes the second best choice for the UE from the network point of view.  

The UE is aware of all the cells in its active set and is capable of performing link quality estimates on each of these cells. In order to define the second best cell, the UE shall measure CQI on each of the cells in the active cell and, after filtering of the measurements, reports the CQIs for the serving cell as well as the best available filtered CQI in the active set excluding the serving cell.  The cell with best CQI in the active set (i.e. excluding the serving cell) is defined as the second best cell. 

Note that it is necessary for the UE to identify the cell corresponding to the transmitted filtered CQI. This is discussed in “Channels for reporting link quality estimates”.

Rate of information exchange

In the current specification, CQI is delivered to the network on a periodic basis, controlled by the CQI feedback cycle. The link quality estimates used for offloading information can also be transmitted to the network periodically under a pre-established pattern, or on a need basis. In that case a mechanism for transmitting link quality estimates CQI for offloading calculation purposes should be established. 

Channels for reporting link quality estimates

The UE produces the link quality information itself (i.e. the UE computes a filtered CQI measurement)  and reports link quality information in the form of filtered CQI for both the serving cell and the second best cell.  The report can be done using a pre-agreed period between reports, or instead follow a request from the network. 

The serving cell CQI is transmitted on HS-DPCCH along with HARQ and PCI information. One possibility is to send the new filtered CQI information associated to the serving and second best cell in the TTI using a format similar to what HSDPCCH uses when configured with dual carrier HSPA (see 4.7.3 in [2]). The proposal is to adopt a subframe format with slot 0 containing HARQ for the serving cell, while slot 1 and 2 conveys the link quality information for the serving cell and the second best cell

The link quality information for both cells can be reported in a number of different ways. For example,  using 1 slot for each cell (10 bits coding) or by creating a unique codeword for both CQI over the two slots (20 bits coding). As an example, the 20-bits codeword solution is considered. For implementation of the encoding, the encoding procedure explained in [2], subclause 4.7.3.2 could be reused.

In order to add second best cell identification, one possibility is, for example, to introduce a 3-bit pattern corresponding to the cell index of the second best cell in the active set list. Figure x1 shows an example of the mapping for the filtered CQIs for both, the serving cell and second best cell as well as the second best cell ID to a single 20 bits codeword.  Several mapping and coding solutions are possible and an agreed solution should be discussed at a later stage. 
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Figure x1: Possible construction of CQI codeword with second best cell identification
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Annex A: Performance Evaluation Methodology

A.1
Link Simulation Assumptions

Description of  link level simulation parameters
Table x3: Link level simulation assumptions set-up
	Parameter
	Value

	Number of cells
	3

	P-CPICH_Ec/Ior
	-10dB

	HS-PDSCH Ec/Ior
	-1dB

	Common channel cancellation
	CPICH, P-CCPCH and SCH from interfering cell are cancelled.

	Spreading factor for

HS-PDSCH
	16

	CQI Feedback Cycle
	1 TTI

	CQI Feedback Delay
	4 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 HARQ Transmissions
	4

	Propagation Channel Type
	PA3, VA30 (VA120 optional)

	Channel Estimation
	Realistic

	Noise Estimation
	Realistic

	UE Receiver Type
	Type 3i, Pre-decoding Type IC receivers (Post-decoding Type IC optional)


A.2 System simulation assumptions
Both hetnet and homonet types of network are evaluated using the two agreed receivers, type 3i and NAICS pre-decoding. Optionally NAICS post-decoding can be evaluated.  The traffic models shall account for both full buffer and bursty traffic. 

A.2.1 Simulation parameters

Parameters for hetnet and homonet scenarios are given in table 1a and 1b.  Details on hetnet parameters can be found in TR25.800 [3]. 
Table １a: System simulation parameters
	Parameters
	Value 
	

	Cell plan
	57 cell hexagonal (19 NodeB, 3 sectors per Node B with wrap-around)

(21 cell hexagonal optional)

	Carrier Frequency
	2000 MHz

	Carrier bandwidth
	5MHz

	Channel Model 
	PA3, VA3, (VA120 optional)

	Thermal noise density
	-174dBm/Hz

	Number of HARQ processes 
	6

	Number of LPNs/LPN deployment 
	1, 2, 4; 8 (optional); 16 (optional)

Minimum distance between LPN and macro cell: 75m

Minimum distance between LPNs: 40m

	Dropping criteria for LPNs


	· LPNs are randomly and uniformly distributed within a macro cell.

· (Optional) LPNs are deployed according to the received CPICH RSCP of the macro cell: 

CPICH RSCP = TxPow_CPICH + AntGain - PL – PenLoss

TxPow_CPICH is the CPICH tx power of macro cell (33dBm)

AntGain is the antenna gain

PL is large scale fading calculated according to path loss model

PenLoss is the penetration loss

The deployment of LPNs will be labelled as centre, near, middle, far, edge, from the macro cell depending on the CPICH RSCP value, P(dBm).

P=-46dBm, centre (the min distance between UE and macro cell, and UE is in main beam of antenna); 

P=-66dBm, near (1/3 of distance centre-edge of the macro cell) 

P=-74dBm, middle (1/2)

P=-80dBm, far (2/3)

P=-88dBm, edge

	Inter-site distance
	500 m

1000 m (optional)

	Number of UEs
	· For full buffer (DL) 

· 16, optional 32 for the case of 16 LPNs

· For full buffer (UL) 

· 8

· For bursty traffic model

variable up to system stability level

The minimum distance between UE and macro cell is 35m

The minimum distance between UE and LPN is 10m

	Dropping criteria for UEs


	· Random: UE randomly and uniformly distributed within a macro cell 

· Hotspot: Randomly and uniformly dropping with Photspot of the total users within a radius, r, of LPN base station, and randomly and uniformly dropping of the remaining users in the entire macro geographical area of the given macro cell (including LPN area).

Type 1: Photspot = ½ 

Type 2: Photspot = ¾  (optional)

The radius r of the LPN is equal to 20m, 35m, and 60m when the LPN power is 24dBm, 30dBm, and 37dBm, respectively.

	RoT
	6dB (both NodeB and LPN NodeB)

	Path Loss
	Macro Node: L=128.1 + 37.6log10(R), R in kilometres

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

	Log Normal Fading

(outdoor)
	Standard Deviation: 8dB (macro cell); 10 dB (LPN)

Inter-Node B Correlation: 0.5

Intra-Node B Correlation :1.0

Correlation Distance: 50m 


Table １b: System simulation parameters, cont’d.
	Penetration loss
	20dB

	Maximum UE EIRP
	24dBm

	Maximum Tx Power of NodeB
	Macro Node: 43dBm

LPN: 37 dBm, 30 dBm, 24 dBm

	Max BS Antenna Gain
	Macro cell: 14dBi

LP cell: 5 dBi

	Max UE Antenna Gain
	0dBi

	NodeB Noise Figure
	Macro Node: 5 dB

LPN: 5 dB; 11 dB (optional)

	UE Noise Figure
	9 dB

	Thermal noise density
	-174dBm/Hz (reception bandwidth 3.84MHz)

	HS-DSCH
	Up to 15 SF 16 codes per carrier for HS-PDSCH

Total available power for HS-PDSCH is 80% (SIMO) / 75% (MIMO) of Node B Tx power, with HS-SCCH transmit power being driven by 1% HS-SCCH BLER.
HS-PDSCH HARQ: Both chase combining and IR based can be used. Maximum of 4 transmissions with 10% target BLER after the first transmission. Retransmissions are of highest priority. 

HS-DPCCH decoding is assumed ideal.

UL HARQ operating point: 1% residual BLER after 4th transmission

	HS-SCCH code number
	4

	Total overhead power
	20% (SIMO)  25% (MIMO, optional)

	UE Receiver
	Type 3i (interference suppression receiver)

Pre-decoding IC

(post-decoding IC , optional)

	Soft Handover
	Considering Scenarios with SHO

	Soft Handover Parameters
	SHO available

· R1a (reporting range constant) = 4.5dB

· R1b (reporting range constant) = 4.5dB



	CIO
	0dB~9 dB

	Max active set size
	3

	harq operation
	DL: Based on CQI. No IBLER control

	Network Configuration
	SIMO

MIMO (optional)


Parameters for downlink  REF _Ref340818050 \r \h  \* MERGEFORMAT 
and uplink bursty traffic model are given in Table 2 and Table 3, respectively. 

Table ２: Downlink bursty traffic model
	Component
	Distribution
	Parameters
	PDF

	File size (S)
	Truncated Lognormal
	Mean = 0.25 Mbytes
Std. Dev. = 0.0902 Mbytes
Maximum = 1.25 Mbytes
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	Inter-burst time 
	Exponential
	Mean = 5 sec
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A.2.2 System performance evaluation metrics

A.2.2.1 Full buffer traffic

For full buffer traffic, the following performance measures are used for evaluation:
· System  throughput 
· UE throughput: average, 90%,  50%, and 5%

· Percentage of UEs served by second best cell
· Average and CDF of RoT for UL

A.2.2.2 Bursty traffic

The burst patterns in a burst traffic model are characterized by the following measurements:

· The burst rate, defined as the ratio between the data burst size in bits and the total time the burst spent in the system.
· The total time the burst spent in the system is the time difference measured between the instant the data burst arrives at the Node B and the instant when the transfer of the burst over the air interface is completed.. The total time the burst spent in the system is equal to the sum of the transmission time over the air and the queuing delay.
For bursty traffic, the performance metrics described in subclause A.2.2.1 may be re-used.
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