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1.  Introduction

Several contributions have been submitted to RAN3#75 on the DL interference scenarios for Pcell/Scell selection in macro-pico heterogeneous deployments (see references [3-8]), and an updated text have been captured in the revised TR R3.024 [1-2] of the WI on Carrier Based HetNet ICIC to refine the problem description. 

In this paper, a TR update to describe solutions to the problem is proposed.

2.  Text Proposal
Following text on DL interference scenario is proposed to be included in the respective section of the TR [1]:

	*** First change, omitted text not changed ***


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 going to be 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, either 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 enabling e.g. cross-carrier scheduling is beneficial.
To achieve such coordination, the following enhancements have been identified for evaluation.
4.2.2.1
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 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 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.
4.2.2.3
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:

· Activation of HetNet ICIC mechanisms in frequency domain for both macro and pico cells in respective eNBs

· OAM providing the configuration for protected PDCCH carrier component(s) to involved eNBs 

4.2.2.4
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
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 list the evaluation criteria used for comparing the different solution for the DL interference in macro-pico environment and evaluate the respective merits vs. costs.
Table 4.2.3-1: Evaluation criteria for Carrier-based HetNet ICIC in DL interference scenario
	Criteria
	Description

	Suitability Criteria

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

	Applicability
	Candidate solutions should comply to the scope of the WI: 

· no requirements on tight synchronization between eNBs
· no physical layer impact
· rely on existing UE features and on realistic power consumption and availability of UE measurements. 

	Compatibility
	Candidate solutions should be compatible with existing mechanisms and be able to work for both legacy Rel-8/9 UEs, as well as benefit from optimizations available for Rel-10/11 UEs supporting carrier aggregation.

	Merit Criteria

	Effectiveness
	The (potential) effectiveness 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.

	Cost/Impact Criteria

	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.

	Specification impact
	The specification impact should be evaluated and described.

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

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

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


4.2.3.2

Solution evaluation
Table 4.2.3-2 captures the evaluation of the candidate solutions, based on the criteria illustrated in section 4.2.3.1.

Table 4.2.3-2: DL Interference scenario: solution evaluation summary
	Criteria
	Solution 1
	Solution 2
	Solution 3

	Feasibility
	Feasible, if a simple method for assessing DL interference is provided
	Feasible
	Feasible

	Applicability
	Applicable
	Applicable
	Applicable

	Compatibility
	Compatible
Rel8/9 UEs strongly interfered on protected Pcell, Rel-10 UE capable of CA can add on Scell(s) as well, Scell reallocation limited to CA-UEs
	Compatible
Rel8/9 UEs strongly interfered on protected Pcell, Rel-10 UE capable of CA can add on Scell(s) as well
	Compatible
Rel8/9 UEs strongly interfered on protected Pcell, Rel-10 UE capable of CA can add on Scell(s) as well

	Effectiveness
	Low/Medium
Based on reactive approach, without relying on protected resources
	Medium/High
Based on proactive approach to protect resources, with limited adaptation
	High

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

	Complexity
	Low / Medium
	Low
	Low

	Flexibility
	Yes
	Yes
	Yes

	Specification impact
	Yes
Inter-eNB signaling via X2-AP is needed to exchange interference information/indication (new message may be needed) and Pcell/Scell loading (extension of existing messages)

	Yes

O&M requirements and related specification work in SA5 may be needed
	Yes
Inter-eNB signaling to exchange information about protected resources is needed (extension of existing messages)

	OAM impact
	No
	Yes
To provide configuration information to involved eNBs
	Yes in case B2 is selected

No otherwise

	eNB impact
	Yes
eNB needs to estimate or collect information about DL interference and about Pcell/Scell loading inform other eNBs about it
	No
	Yes
eNB needs to exchange configuration information for protected PDCCH

	UE impact
	No
	No
	No


4.2.3.3

Conclusions and recommendations
…
	*** Remaining text not changed ***
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