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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

The existing ICIC solutions were mainly developed for macro-only scenarios or to address interference between macro and HeNB, as well as between macro and pico. Expected popularity of multi-carrier base stations calls for development of autonomous interference management mechanisms for optimally exploiting available frequency assets (carriers in same or different bands). In HetNet environments with mixture of different BTS types and without tight synchronization requirements, this seems like the next natural step. 
1
Scope

The present document provides descriptions of use cases, their analyses and possible solutions for some of them. Considerations with regards to requested functionality in scope of other 3GPP groups if any, may be captured in this document as well.
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]
3GPP TR 36.814: "Evolved Universal Terrestrial Radio Access (E-UTRA); Further advancements for E-UTRA physical layer aspects"
[3]
3GPP TR 36.213: "Evolved Universal Terrestrial Radio Access (E-UTRA); Physical layer procedures"

[4]
3GPP TR 36.214: "Evolved Universal Terrestrial Radio Access (E-UTRA); Physical layer; Measurements"

3
Definitions, symbols and abbreviations

3.1
Definitions

For the purposes of the present document, the terms and definitions given in TR 21.905 [1] 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 [1].

3.2
Symbols

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

<symbol>
<Explanation>

3.3
Abbreviations

For the purposes of the present document, the abbreviations given in TR 21.905 [1] 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 [1].

ICIC
Intercell Interference Coordination
SC HeNB
Single Carrier HeNB
MC HeNB
Multiple Carrier HeNB

4
Use cases for carrier-based HetNet ICIC
4.1
Prioritisation

Table 4.1-1 presents the prioritisation of the interference scenarios.

Table 4.1-1: Prioritisation of interference scenarios for Carrier-based HetNet ICIC

	Interference scenario
	Priorities for:

Operational carriers selection
	Priorities for:

Per UE carrier selection of PCell and SCell

	Macro – pico
	FFS for pico

NO for macro
	YES for pico

YES for macro

	Macro – SC HeNB (coordinated)
	FFS for HeNB

NO for macro
	N/A for HeNB

NO for macro

	Macro – MC HeNB (coordinated)
	NO for HeNB

NO for macro
	NO for HeNB

NO for macro

	Macro – SC HeNB (uncoordinated)
	FFS for HeNB

NO for macro
	N/A for HeNB

NO for macro

	Macro – MC HeNB (uncoordinated)
	NO for HeNB

NO for macro
	NO for HeNB

NO for macro


Operational carrier: The carrier an eNB selected to use for its own operation. An eNB may use one or more operational carriers. An eNB selects a carrier from the set of available carriers assigned to the eNB in the network planning process. This term was introduced to differentiate with the Primary Carrier and Secondary Carrier concepts, which are "per-UE" concepts.

Per UE carrier selection for PCell and SCell: user carrier selection assistance when carrier-based ICIC is used for interference management purposes. The carrier aggregation feature is available on the network side and both CA-capable and non CA-capable UEs are present in the system.

4.2
DL interference in macro-pico environment

4.2.1
Description

In this case, to enable appropriate offloading of users to pico cells there will be a group of users that are served by the pico cells while still far away from it, as represented in figure 4.2.1-1. In this case, these users will in fact suffer from a strong interference from the macro cell, which needs to be mitigated with ICIC techniques, in the time-domain or frequency-domain or in combination. 
In such scenario, providing inter-eNB assistance can be beneficial to optimize the selection of resources protected from interference, while mitigating interference with available ICIC mechanisms for those users.
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Figure-4.2.1-1: Users in heterogeneous network: (a) close to macro; (b) close to pico; (c) in intermediate region (e.g. pico cell edge).
4.2.2
Solution

The solutions proposed for DL interference mitigation in macro-pico environment shall be enhancements to the existing mechanisms defined in Rel.10 and before. The assumptions and pre-requirements for those solutions should not be changed. The scenario corresponds to the deployments described in sub-clause 9A of TR 36.814 [2], where some examples of interference mitigation in time and frequency domain are described. In the scope of this WI, the focus is on frequency domain techniques, e.g. with the use of cross carrier scheduling, whereby the additional use of time domain interference mitigation mechanisms on multiple carriers is not precluded. In order to achieve this, coordination of protected resources between macro and pico cells is beneficial.
To achieve such coordination, the following enhancements have been identified for evaluation.
Solution 1: Interference indication and loading for data and control channels for multi-carrier

In this solution an eNB informs neighbour eNBs about DL interference problems on carrier X, both in data and control regions, and exchanges the information about Pcell vs. SCell carrier loading. The neighbour eNB can use this information when deciding on the assignment of a UE PCell and SCell(s), to achieve resource protection: in reaction to high DL interference indication, eNBs may allocate users' PCells of UE to different carriers and reallocations may be limited to SCell reconfigurations. Upon receiving the indication of interference problems, the peer eNB may for example reduce the number of users using carrier X (e.g. by de-activating SCells on carrier X), or reduce the transmission power on carrier X, to mitigate interference in the data region, as well as may reduce its transmission power for the control channel region on carrier X (e.g. using cross-carrier scheduling for carrier X, such that PDCCH scheduling grants for carrier X are send from other carriers) , or scatter CCEs in more PDCCH symbols to mitigate interference in the control region. Knowing in addition the loading in terms of Pcell and Scell could help an eNB to decide on the assignment of a UE PCell and SCell(s), e.g. when neighbour cells mainly use carrier 1 for PCell, the eNB can select carrier 1 more for SCell of its users, which allows a quick deactivation.
The solution involves the following enhancements:
A.
Exchanges the information about Pcell vs. SCell carrier loading over X2

B.
Exchange interference indication for data channels over X2

C.
Exchange interference indication for control channels over X2
The indication about data interference problem on a given carrier could be a single binary message, but also could include higher level of granularity to indicate the criticality of the data channel interference problems. Moreover, if the peer eNB for some reasons is not able to take actions for reducing the interference on carrier X, it may inform the initiating eNB about the problem. The PCell/SCell carrier load may be implemented as an extension of the Resource Status Report Initiation and Resource Status Report procedures, e.g. in a form of number of users for whom the carrier is PCell or SCell.

DL control channel interference on a given carrier could be estimated based on existing mechanisms (no impact on the UE). For example, an eNB may consider a UE is suffering high DL interference in control channels in case it does not respond in large ratio as expected to control information, like scheduling grants. The controlling eNB can take this into account and exchange the information, if requested, with its neighbours to improve the PCell and SCell selection.
Solution 2: Preconfiguration of protected resources

In this solution, protected resources are preconfigured in a consistent way among macro and pico cells to properly coordinate for carrier-based ICIC. The neighbour eNB can use this information when deciding on the assignment of a UE PCell and SCell(s) for users suffering from strong macro interference in a proactive manner. So for example if there are two carriers, one of which protected from interference, that carrier can be selected as Pcell in the pico cell to convey scheduling information and data to users suffering from strong interference from macro, while the other carrier can be used as Scell for the same users by the pico.

The solution involves OAM providing the configuration for protected PDCCH carrier component(s) to involved eNBs.
Solution 3: Exchange of information about the configuration of protected resources

In this solution, the information about the configuration of protected resources is exchanged between eNBs over X2 interface, aiming for a consistent configuration to properly coordinate for carrier-based ICIC. The neighbour eNB can use this information when deciding on the assignment of a UE PCell and SCell(s) for users suffering from strong macro interference in a proactive manner. So for example if there are two carriers, one of which protected from interference, that carrier can be selected as Pcell in the pico cell to convey scheduling information and data to users suffering from strong interference from macro, while the other carrier can be used as Scell for the same users by the pico

A message exchange framework similar to the one defined for Rel-10 eICIC is adopted to assist carrier selection in HetNet scenarios via X2-AP (see Figure 4.2.2-1). The macro eNB can request to report loading status information to monitor and further tune the power allocation of the protected resources. Similar to what defined for eICIC in Rel-10, the eNB needing assistance can send an Invoke Indication to the assisting node to receive information about allocated resources in the frequency domain.
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Figure-4.2.2-1: Example of message exchange for Pcell/Scell(s) selection assistance in carrier-based HetNet ICIC.

The solution consists of the following:
A.
The Relative Narrowband Transmit Power IE (RNTP) included in the Load Information message is used to exchange information about transmit power for Physical Resource Blocks (PRBs) used for data channels, in order to assist carrier selection for users strongly interfered by macro cell in HetNet deployments.

A-1)
No enhancement to current mechanisms

A-2)
Current RNTP reporting mechanisms is extended by enabling an eNB to indicate to another eNB the RNTP threshold it likes to receive a report about 

A-3)
Enable an eNB to send the recommended transmit power and/or expected power reduction to another eNB, to achieve protected resources

A-4)
Current RNTP reporting mechanisms is extended by enabling an eNB to indicate to another eNB to increase or decrease the used RNTP threshold

B.
 Information about the configuration of protected PDCCH carrier component(s) is exchanged among eNBs:

B-1)
Protected PDCCH carrier component(s) are chosen by eNB(s) and information is exchanged via X2 whenever the cross-carrier scheduling is enabled

B-2)
OAM provides protected PDCCH carrier component(s) preference list to each eNB, the eNB chooses PDCCH CC(s) in the provided list and exchanges the information with its cross-carrier scheduling partner through X2 whenever the cross-carrier scheduling is enabled

B-3)
The set for protected carrier component(s) is configured in the macro and signaled via the X2 interface to the pico. Whenever cross scheduling is used to convey scheduling information to user strongly interfered by macro cell, the pico configure UE Pcell from this protected set.
4.2.3
Discussion

4.2.3.1
Evaluation criteria

Table 4.2.3.1-1 lists the evaluation criteria used for comparing the different solution for the DL interference in macro-pico environment.

Table 4.2.3.1-1: Evaluation criteria for Carrier-based HetNet ICIC in DL interference scenario

	Criteria
	Description

	Interference mitigation target
	Description of the targeted channel  for interference mitigation in each solution (DL Control Channel, DL Data Channel or both)

	Synchronization Level
	Synchronization level as evaluated by RAN3. 
Note: the WI should focus on solutions not requiring tight synchronization between eNBs.

	eNB impact
	The impact on eNB implementation should be evaluated. If any, the description of the impact could be added.

	X2  impact
	The X2 impact should be evaluated. If any, the description of the impact could be added.

	OAM  impact
	The OAM impact should be evaluated. If any, the description of the impact could be added.

	Other impacts
	Impacts not included above should be described here, if any.

	Compatibility
	Compatibility with legacy Rel-8/9/10 UEs. 
Note: the WI should focus on solutions with no physical layer impact that would work for both legacy Rel-8/9 UEs, as well as benefit from optimizations available for Rel-10/11 UEs supporting carrier aggregation. Thus the solutions shall rely on existing UE features in different Releases. Realistic assumptions for availability of UE measurements and power consumption to be used.

	Feasibility
	Candidate solutions should be easily implemented with existing technology and/or by means of realistic changes to the standards.

	Effectiveness
	The (potential) effectiveness and flexibility of candidate solutions in addressing the DL interference scenario in HetNet deployments via carrier-based ICIC shall be evaluated.

	Flexibility
	The candidate solution should allow for flexibility in e.g. resource partitioning and assignment.

	Complexity
	Candidate solutions should not be too complex when implemented in practice, e.g. in terms of number of exchanged messages or frequency of appliance.


4.2.3.2
Comparison matrix
Table 4.2.3.2-1 captures the evaluation of the solutions.

Table 4.2.3.2-1: DL Interference scenario: solution evaluation summary
	Criteria
	Solution 1
	Solution 2
	Solution 3

	
	1-A
	1-B
	1-C
	2
	3-A
	3-B

	Interference mitigation target
	DL Control/Data Channel
	DL Data Channel
	DL Control Channel
	DL Control Channel
	DL Data Channel
	DL Control Channel

	Synchronization Level
	Not needed
	Not needed
	Not needed. 

In non-synchronized deployment, the aggressor eNB will to reduce the usage of both data and control channel resource of that carrier, to reduce the interference to the control channel of the victim eNB.
	Not needed

In non-synchronized deployment, the aggressor eNB will to reduce the usage of both data and control channel resource of that carrier, to reduce the interference to the control channel of the victim eNB
	Not needed
	Not needed

In non-synchronized deployment, the aggressor eNB will to reduce the usage of both data and control channel resource of that carrier, to reduce the interference to the control channel of the victim eNB

	eNB impact
	eNB needs to estimate or collect information about Pcell/Scell loading inform other eNBs about it
	eNB needs to estimate or collect information about DL Data channel interference inform other eNBs about it
	eNB needs to estimate or collect information about DL Control channel interference inform other eNBs about it
	No
	A2/A3/A4 eNBs need to exchnage information  or negotiate RNTP Threshold/ Tx power 

No impact for A1
	eNB needs to exchange configuration information for protected PDCCH

	X2 impact
	Pcell/Scell loading exchanging via X2
	DL data channel interference information / indication exchanging via X2
	DL control channel interference information / indication exchanging via X2
	
	A2/A3/A4 Extension of RNTP/ Tx power related information exchanging via X2

No impact for A1
	Configuration of protected PDCCH carrier component(s) exchanged via X2



	OAM impact
	No impact on OAM
	No impact on OAM
	No impact on OAM
	OAM Pre-configures protected PDCCH carrier component(s) to eNBs
	
	B2 only: OAM provides protected PDCCH carrier component(s) preference list to each eNB

	Other impacts
	None identified
	None identified
	None identified
	None identified
	None identified
	None identified

	Compatibility
	Compatible
	Compatible
	Compatible
	Compatible
	Compatible
	Compatible

	Feasibility
	Feasible
	Feasible
	Feasible
	Feasible
	Feasible
	Feasible

	Effectiveness
	Proactive solution
	Reactive solution

Low/Medium

Based on reactive approach, without relying on protected resources
	Reactive solution

Low/Medium

Based on reactive approach, without relying on protected resources
	Proactive solution
Medium/High

Based on proactive approach to protect resources, with limited adaptation
	Proactive solution
High

Based on proactive approach to protect resources and adaption with A2/A3/A4 – limited adaption if A1 is selected
	Proactive solution
High

Based on proactive approach to protect resources

	Flexibility
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes

	Complexity
	Low / Medium
	Low / Medium
	Low / Medium
	Low
	Low
	Low


4.2.4
Specification impact
The specification impact for the different solutions is limited to the X2-AP specification (most cases) and possibly to O&M specifications (few cases), as listed in Table 4.2.3.2-1 at “X2 Impact” and “OAM Impact” lines.
4.3
UL interference in macro-pico environment

4.3.1
Description

This scenario concerns per-UE carrier selection for PCell and SCell.

A macro UE (MUE) interferes in the UL with the pico cell, while not being able to detect the pico. Both, macro and pico share at least one carrier. An example of this scenario is depicted in figure 4.3.1-1.
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Figure 4.3.1-1: UL interference scenario in macro-pico environment, Macro Cell overlapping Pico Cell coverage.
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Figure 4.3.1-2: UL interference scenario in macro-pico environment, Macro Cells bordering Pico Cell.
Figures 4.3.1-1 and 4.3.1-2 show two typical cases of Pico cell deployments where the Pico cell is either located within the coverage of a macro cell or it is bordering a macro cell. It has to be noted that in the scenario presented in figure 4.3.1-2 the pico cell coverage (i.e. DL coverage) does not necessarily need to overlap with the coverage of the neighbour Macro cell. 

In such deployments a MUE has been assigned one or more carriers (either as PCell or as SCell or both) of which at least one is on the carrier frequencies used by the Pico cell.

For the reason of simplicity, the pico eNB in the figures above is shown as serving only one cell, but it could instead serve multiple cells on the same carriers used by macro cells.

In such scenario, the asymmetry between the UL coverage of MUE and the DL coverage of pico eNB implies that a MUE, not able to detect the Pico cell, will cause UL interference to the Pico cell. It can be basically modeled by a geometric area, i.e. UL interference area, where MUEs cause UL interference to pico. 

4.3.2
Solution

4.3.2.1
Macro-based solution: macro identifying MUEs interfering with the Pico eNB
In this group of solutions the Macro eNB is responsible for detection of the MUEs interfering with the Pico eNB in UL. The identification of the interfering MUEs allows for frequency based handling of the source of interference.
Solution 1a.
OI from Pico to Macro + historical scheduling information in Macro

Identification based on UL Interference Overload Indication (OI) from Pico to macro and historical scheduling decisions in macro.  This means exploiting existing signalling over X2AP, where the interfered Pico indicates the interference overload per PRB. By including additional time information of the interference overload from Pico to macro, the macro can identify the right MUEs causing the uplink interference.
Solution 1a1.
OI from Pico to Macro + static scheduling of MUE 

This solution is based on Solution 1a. Particular frequency-domain scheduling patterns (e.g. reserved PRBs for MUEs that are candidates for identification) are used by the macro, hence avoiding the need for additional time information on X2.

Solution 1b.
MUE & Pico location 

Identification based on MUE location information. If the location of the Pico is known at the macro, then this could enable uplink interferer identification. 
MUE location can be an important component when addressing the scenario in Section 3, provided that location is available, and that the subscriber consents to its use.

Solution 1c.
MUE sending a random access preamble to be detected by the non-serving Pico 

The scenario addressed by this solution is the macro-Pico UL interference scenario, and the objective, in the context of carrier based interference management, is that the interfering MUE should be moved to a different carrier, but the interfering MUE cannot be identified because of the Pico cell DL/UL coverage imbalance. 

To identify the interfering MUE, it is proposed that the Macro eNB selects some MUEs to perform the non-contention based Random Access procedure using PRACH resources and preambles known to the Macro eNB and the Pico eNB beforehand. The Pico eNB detects the preamble transmissions and forwards the RACH-access-relevant information needed for UE identification to the Macro eNB as well as an indication of the received signal strength of the preambles. The Macro eNB is able to identify MUEs using the received information based on associations established beforehand, and the Macro eNB is able to identify the interfering MUE (s) based on the received signal strength information provided by the Pico eNB.

Solution 1d.
Uplink channel sounding (i.e. SRS measurements) of MUE detected by non-serving Pico eNB
The purpose of this solution is to identify the source of interference in cases of Macro-Pico UL interference scenarios where an interfering MUE cannot identify the interfered Pico eNB. The method for identification of the interfering MUE is based on uplink channel sounding (Sounding Reference Signals - SRS). 
In this solution the Pico eNB detects high uplink interference for UEs on a specific carrier, and deduces that the induced interference is from UE(s) served by neighbour macro eNB(s). It therefore indicates uplink interference overload using the Load Information message over X2 to the neighbour macro eNB. 
As the macro eNB may not have any indications about which of its served UEs is inducing interference to the Pico base station, the macro eNB configures channel sounding for one or several served UEs. The selection of the MUEs for which such procedure will be applied is restricted to the UE(s) potentially generating interference to the Pico eNB. As an example, selection of potentially interfering UEs may be based on one of the following factors: 
1)
Based on the geometry of MUEs that detected the Pico cell in the past, MUEs in proximity of the Pico cell can be identified;

2)
Comparing the neighbour cells reported by the Pico eNB in the X2 setup messages with the cells reported by MUEs and using this information, together with the MUE geometry; 
3)
Comparing the neighbour cells reported by MUEs when they can detect the Pico cell with the neighbour cells reported by potentially interfering MUEs, together with the MUE geometry. 
The macro base station signals the channel sounding configurations of the potentially interfering UEs to the Pico eNB so that it can initiate the detection mechanisms. The UEs perform the channel sounding transmission, and by monitoring the SRS, the Pico eNB detects the MUE(s). 

Once the Pico eNB detects the MUE and detects information relative to the channel sounding configuration of such UE, it signals such information to the macro base station, which then is able to identify the interfering UE and to take appropriate measures such as move the UE on different radio resources.
Solution 1e.
Uplink MUE DMRS sounding detected by non-serving Pico eNB
The Macro eNB, in order to be assisted in identifying which of its served MUEs are inducing interference to the Pico node, signals to the Pico the uplink radio resources allocated to potentially interfering MUEs (in terms of TTI, allocated PRBs, DMRS configuration and possibly other FFS parameters like MUE’s Timing Advance etc). Once the Pico eNB detects the MUEs uplink signal, it signals the relevant information (TTI, allocated PRBs, DMRS configuration and interference level) back to the Macro eNB, which is then able to identify the interfering MUEs and take appropriate counter-measures for interference mitigation. As in the SRS based method, the selection at the Macro eNB of the MUEs potentially interfering the Pico eNB may be based on the neighbour cells reported by the MUEs. The overall mechanism is transparent to UEs.
Interference mitigation mechanism for Solution 1a, 1b, 1c, 1d and 1e
The family of solutions described in section 4.3.2.1 is based on the identification of the source of interference, i.e. the interfering MUE(s). Such interfering MUEs could generate interference on part or all of the macro resources, depending on their traffic demand and macro scheduling decisions. 

After identification of the interfering MUE, the solutions described in section 4.3.2.1 imply (re)scheduling the MUEs to other resources that could reside on the same carrier or on different carriers. A typical example could be that of a MUE interfering on resources used as SCell. The Macro eNB could either decide to change the SCell carrier for that UE or to de-activate the SCell. 

By moving the aggressor MUE on different resources (either not shared with the Pico eNB or not interfering with the Pico eNB) it is possible to attenuate the interference to the Pico eNB.
4.3.2.2
Pico-based solution
In this solution Pico is responsible of interference management, because Pico knows which PUEs are interfered, Pico can re-schedule the PUEs and/or use proper power control for PUEs directly. 

Solution 2a.
Pico (re)scheduling the interfered PUEs to other resources (same carrier or different carriers)

In case the Pico is aware of UL interference from MUEs, the Pico re-schedules the interfered PUEs to other resources and avoids scheduling PUEs on the interfered resources; the other resources could be on the same carrier or different carriers:

-
Other PRBs where the strong UL interference does not occur. 

-
Other PRBs with low interference sensitivity by other nodes, i.e. HII value from other nodes is equal to "0".
Solution 2b.
Reuse existing power control mechanisms at Pico
Reuse Release 8/9 power control mechanism with further enhancements left FFS, as specified in LS R3-120008 by RAN1.
4.3.3
Discussion

The overall evaluation is composed of two steps:

-
first evaluation made by RAN3 with emphasis on network related aspects;

-
performance evaluation performed by RAN1 based on RAN3's request

4.3.3.1
Evaluation criteria
Table 4.3.3.1-1 lists the evaluation criteria used for comparing the different solution for the UL interference in macro-pico environment.
Table 4.3.3-1: Comparison criteria for UL interference solutions

	Criteria
	Description

	Compatibility with legacy UEs 
	Is the solution operable in case of legacy UEs? 

	Synchronisation level 
	Clarify the level of synchronisation required by each solution. 

	X2 specification impact
	High-level impact on functional specification and protocol specification to enable support of eNB interworking.

	Impact on eNB
	Requirements relative to processing capacity, memory, configured information. Implementation impact to enable support of eNB interworking.

	UE specification impact 
	Uu interface specification impact (should be none according to current WID objectives). The solutions shall rely on existing UE features in different releases, with focus on solutions with no physical layer impact.

	Impact on UE implementation and performance
	E.g. power consumption, performance impact on data and control channels. 

	Effectiveness of the solution
	Solution performance. Effectiveness (including accuracy and latency) of the interference mitigation.


4.3.3.2
Comparison matrix

Table 4.3.3.2-1 captures the evaluation of the solutions.

Table 4.3.3.2-1: Comparison of UL interference solutions

	
	Compatibility with legacy UEs
	Synchronisation level
	X2 specification impact
	Impact on eNB
	UE specification impact
	Impact on UE implementation and performance
	Effectiveness of the solution

	Solution 1a
	
	
	
	
	
	
	

	Solution 1a1
	
	
	
	
	
	
	

	Solution 1b
	
	
	
	
	
	
	

	Solution 1c
	
	
	
	
	
	
	

	Solution 1d
	
	
	
	
	
	
	

	Solution 1e
	
	
	
	
	
	
	

	Solution 2a
	
	
	
	
	
	
	

	Solution 2b
	
	
	
	
	
	
	


4.3.4
Specification impact
4.4
Interference coordination in dense macro-pico deployments
4.4.1
Description

This scenario concerns operational carriers selection.

The problem occurs in a scenario, where the pico cells share one or more carriers (macro cells may share this carrier, too). In this case, for the shared carrier, the available interference mitigation methods apply to data channels only (and selected control channels), while broadcast and most other signalling channels may still be interfered. Hence, methods that enable protection of both, data and signalling channels on one or more shared carriers, may be needed.
4.4.2
Solution
Existing mechanisms
It is understood the existing mechanisms may and shall, whenever it is found beneficial, be reused. An example of how those mechanisms can be used today to perform cell switching on/off is presented in Figure 4.4.2-1.
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Figure 4.4.2-1, Carrier Selection for Pico

The most relevant existing mechanisms are:

-
Exchange of carrier information of neighboring eNBs via X2 setup procedure, including EARFCN, Transmission Bandwidth, etc.

-
Exchange of interference information of neighboring eNBs via X2 ICIC procedures, including OI, HII, RNTP, ABS information

-
Exchange of Load Status of neighboring eNBs via X2 resource status report procedure, including Hardware Load, S1 TNL Load, Radio Resource Status, ABS Status, etc.

-
OAM configuration of the operational carriers to Pico, with carriers allocated per cell. Pico performs Cell activation/deactivation according to the load, interference information, etc. 

-
OAM activation/deactivation of the operational carriers to Pico, with carriers allocated per cell. OAM performs Cell activation/deactivation according to measurements collected per UE, per eNB, etc.
-
Configuration and reporting of UE measurements triggered by events based on neighbour cell signals or based on comparative neighbour to serving cell signals. Such measurements could support the carrier activation/deactivation decision process.
-
When carrier activation/deactivation is performed for Energy Savings purposes, activation/deactivation of a carrier is informed to the neighbors eNBs by the meas of eNB Configuration Update X2 procedure. A neighbor may request carrier activation by the means of Cell Activation X2 procedure.
Solution 1: Carrier switching based on existing mechanisms
In situation of medium load, i.e. when capacity demand at neighbour Pico eNBs does not require activation of all available carriers, the load and interference information can be exchanged between Pico eNBs via the LOAD INFORMATION procedures and via the RESOURCE STATUS UPDATE procedures. If both peer eNBs recorded low to medium load in each other’s cells, they could decide to deactivate different carriers. For this purpose the eNB CONFIGURATION UPDATE procedure could be used to communicate which carrier has been deactivated and allow the other peer eNB to deactivate a different carrier.

Activation/deactivation decisions could also be supported by UE measurements collected at cell edge, which can provide e.g. information about signal strength of serving cell versus neighbour cell and therefore help understanding the likelihood of cell edge interference levels.
Alternatively, if the load in the macro becomes such that the carrier at Pico eNB needs to be reactivated for e.g. UE offloading, macro eNB may send a CELL ACTIVATION message to the Pico eNB. Similarly, if the load at Pico eNB becomes very high, pico may decide to reactivate the remaining carrier and signal such event to its neighbour eNBs via eNB CONFIGURATION UPDATE.

The OAM system can currently monitor different levels of statistics on a per UE basis or on a per eNB basis. Examples of such statistics are:

-
Per UE, per cell, RRC measurements collected e.g. as part of "Logged MDT Procedures" or "Immediate MDT procedures" such as RSRP, RSRQ, CQI, handover measurements, reconnection establishment statistics (failed, successful) etc.

-
Per cell, per carrier statistics collected for each eNB such as DL/UL utilisation per PRB, PRB utilisation (time when all PRBs are allocated)  Max TX carrier power, Mean TX carrier power, handover parameters settings, etc.

Due to the fact that the OAM system can monitor the whole macro neighbourhood, it can acquire a better understanding of the carrier reuse and interference on a given carrier frequency in the whole neighbourhood. The OAM could activate/deactivate carriers in Pico eNBs depending on the particular network conditions.

When the OAM based solution is used in conjunction with E-UTRAN level mechanisms, an implementation example could consist of the OAM system restricting the number of carriers configured in a given Pico eNB. The E-UTRAN based mechanisms could therefore be responsible for activation/deactivation of carriers in the restricted range configured.
Solution 2: Enhancement of LOAD INDICATION
If the LOAD INDICATION message is to be used for carrier switching (together with other existing mechanisms), it may be needed to introduce changes in the current specification to enable usage of the procedure between eNBs controlling cells of different carriers. Currently, LOAD INDICATION may be used only between eNBs operating on the same carrier.
Solution 3: Coordinated carrier switching based on interference information
In order to mitigate DL interference on control channels, separation of resources is needed based on interference information. Also, the operator must be able to lock resources that shall not be subject of carrier switching. Therefore the solution consists of following new mechanisms (or enhancements to existing mechanisms):

-
OAM configuration of carriers per eNB: an eNB is allocated carriers per its cells with information which of them may be subject of carrier switching for interference mitigation purposes. 

-
Exchange of carrier information between eNBs: an eNB, when setting up an X2 interface, or updating its configuration, may inform its neighbour which carriers may be switched to mitigate DL interference.

-
Coordination of carrier switch-off: if users of an eNB suffer high interference, including control channels, on a carrier that a neighbour may switch off, the eNB may inform the neighbour about this situation in a form of switch off request.

-
Coordination of carrier switch-on: in order to avoid causing sudden interference “jumps” when a cell/carrier is switched on, eNBs must be able to coordinate the process. This can be achieved either with exchange of interference information (eNB A informs eNB B how eNB B interferes users of eNB A – with this eNB B can estimate if it may switch on a carrier) or with switch on request (following the example above, eNB B informs eNB A a carrier is about to be swiched on and eNB A may prepare or request delay of switch on).

Solution 4: Optimization of the operational carrier of pico eNB

The single carrier pico eNB is assigned initially by the OAM with the initial operational carrier and a set of possible operational carriers to be eventually used. 

In case of unsuitable performance, the victim eNB asks some of its connected UEs to evaluates the interference influence on performance (for example using CQI or RSRP/RSRQ measurements), across the set of possible operational carriers (by using regular measurements, as defined in TS 36.213 [3] or TS 36.214 [4]). 

For allowing the evaluation of performance degradation caused by a specific eNB, on the operational frequency of the victim eNB, each strong interfering eNB (aggressor eNB), may alternate,if required by the measurement method, high power and zero power data transmission within the measurement reference resources defined as one or more subbands (subframes may be also used, but the focus of this solution is on frequency domain). A new X2 message is needed to synchronize the measurement start and duration with the application of the measurement pattern by the aggressor eNB and request, if appropriate for the used measurement method, for steady transmissions during the measurement subframe(s) from the other eNBs. 

Each victim  eNB transmits the results of the performance degradation (cost) measurement to the other eNBs. For transmitting the cost to other eNBs it is needed a new X2AP message. High cost means high interference impact. Each eNB operating on a given carrier can evaluate the impact of its operation and select the operational frequency having the smallest impact on MeNB and on other eNBs.
Solution 5: Optimization of multi-frequency pico eNB

The multi carrier pico eNB is assigned initially by the OAM with the initial operational carrier and a set of possible additional operational carriers to be eventually used, as is also the case in Solution 3.

For measurement purposes, if the load on the used carriers requires the addition of a new carrier, the problem to be resolved is to select this carrier such that will create minimum interference to neighbour eNBs. There is no need to actually serve UEs on these carriers, but is only needed to activate the carriers and transmit information (for example to un-valid UE identifiers).

One or more UEs served by strongly interfered eNB evaluate the interference effect on performance in the situation that new candidate carriers are transmitting data (by using regular performance measurements, for example CQI or RSRP/RSRQ, as defined in TS 36.213 [3] or TS 36.214 [4]).

The influence of the new activated carrier on performance (cost) can be evaluated by each eNB by subtracting the performance values measured with the new carrier from the performance values measured before the new carrier was activated.

The eNB receiving the reports of the UEs, function of the own available capacity and the actual offered traffic, will decide to transmit or not the measurement result (cost) to the multi-carrier pico eNB. For transmitting the cost to other eNBs it is needed a new X2AP message. High cost means high interference impact.

The eNB will evaluate, for each potential operational carrier, the impact of its operation and will activate for regular operation only those carriers which do not cause significant interference. Based on cost measurement results, the pico eNB may also change the frequency of its basic operation.
4.4.3
Discussion
4.4.3.1
Evaluation criteria
Table 4.4.3.1-1 lists the evaluation criteria used for comparing the different solution for the interference coordination in dense macro-pico deployments.
Table 4.4.3-1: Comparison criteria for interference coordination in dense macro-pico deployments
	Criteria
	Description

	Compatibility with legacy UEs
	Is the solution operable in case of legacy UEs?

	Synchronisation level
	Clarify the level of synchronisation required by each solution.

	X2 specification impact
	Support of eNB interworking.

	Impact on eNB
	Requirements relative to processing capacity, memory, configured information.

	Impact on OAM subsystem
	Requirements relative to signalling toward OAM

	Impact on UE
	Uu interface specification impact, implementation and performance impact, as foreseen by RAN3. The solutions shall rely on existing UE features in different releases, with focus on solutions with no physical layer impact.

	Effectiveness of the proposed enhancements
	Solution performance as estimated by RAN3. Effectiveness should explain what are the benefits of the proposed enhancements as compared to the existing methods.


4.4.3.2
Comparison matrix

Table 4.4.3.2-1 captures the evaluation of the solutions.

Table 4.4.3.2-1: Comparison of solutions for interference coordination in dense macro-pico deployments
	
	Compatibility with legacy UEs
	Synchronisation level
	X2 specification impact
	Impact on eNB
	Impact on OAM subsystem
	Impact on UE
	Effectiveness of the proposed enhancements

	Solution 1
	
	
	
	
	
	
	

	Solution 2
	
	
	
	
	
	
	

	Solution 3
	
	
	
	
	
	
	

	Solution 4
	
	
	
	
	
	
	

	Solution 5
	
	
	
	
	
	
	


4.4.4
Specification impact
4.5
Interference coordination in dense macro-HeNB deployments
4.5.1
Description
This scenario concerns operational carrier selection for HeNBs which deployments have the following characteristics:

-
SC-HeNBs deployed in an eNB coverage area with eNB supporting multiple Carriers.

-
SC-HeNBs reusing, total or partially, one of the Carriers used by the overlapping eNB. 

-
No X2 for ICIC coordination is available at the SC-HeNBs.

The scenario corresponds to the deployments described in TR 36.814 [2], subclause 9A, related with CSG H(e)NB usage and represented in its Figure 9A-1, cases (a) (b) and (c) . 

The reference layout as stated in Appendix A.2.1.1.2 of this TR 36.814 [2], specifically in the Table A.2.1.1.2-1 third line as: 

-
HeNB (i.e. node for Femto cells)

-
Backhaul: No X2 as baseline. Baseline is in accordance to Rel-8/9 assumption. Evaluations with interference management for HeNBs  (via X2 or other means) allowed to assess interference management benefits

-
Access: Closed Subscriber Group (CSG)

-
Notes: Placed indoors. Consumer deployed.
4.5.2
Solution
4.5.3
Discussion
Foreseen solutions to this scenario are based on the provision of mechanisms for communicating HeNBs the suitable carrier selection for minimizing interference with eNB with overlapping coverage area, depending on eNB usage of bandwidth with CA technique. No detail descriptions of possible solutions or specification impact have been developed.
4.5.4
Specification impact
5
Other conclusions
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