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1 Introduction

At RAN3#73 discussions on the Carrier Based HetNet ICIC WI [1] were carried out and one specific scenario was given highest priority for further discussions on potential solutions. According to the agreed list of prioritised scenarios in [2], such scenario is classified as the “Macro – Pico” scenario, with solution scope labelled as “Per UE carrier selection for CA”.
In this contribution the prioritised scenario mentioned above is further discussed and a number of scenarios are presented to RAN3 for evaluation of possible solutions.

2 General Assumptions on PCell and SCell Selection for Carrier Based HetNet ICIC
The range of solutions prioritised in [2] consists of selection of PCell and SCell on a per UE basis, with the purpose of mitigating interference in a HetNet environment.

According to [3], a PCell can be selected by any served UE. Namely, the PCell is simply the cell through which the UE has an RRC connection with the network. As quoted in [3]:

-
PCell can only be changed with handover procedure (i.e. with security key change and RACH procedure);

-
PCell is used for transmission of PUCCH;

-
Unlike SCells, PCell cannot be de-activated;

-
Re-establishment is triggered when PCell experiences RLF, not when SCells experience RLF; 

-
NAS information is taken from PCell.

Hence, PCells are selected by any UE (CA capable and non-CA capable) when moving from Idle to Active and it can only be changed via handover once the UE is in Active Mode.

Depending on the UE’s capabilities, an SCell can also be assigned to the UE.  The SCell is mainly used to transmit data traffic to the UE
. As quoted in [3]:
“The reconfiguration, addition and removal of SCells can be performed by RRC. At intra-LTE handover, RRC can also add, remove, or reconfigure SCells for usage with the target PCell. When adding a new SCell, dedicated RRC signalling is used for sending all required system information of the SCell i.e. while in connected mode, UEs need not acquire broadcasted system information directly from the SCells.”

Therefore, an essential clarification that needs to be made with regards to solutions falling in the prioritised range of Macro-Pico “Per UE carrier selection for CA” scenarios is that they do not apply only to CA capable UEs, but they also apply to legacy UEs (i.e. UEs not capable of supporting SCells). 
For such UEs selection of PCell can be controlled via carrier prioritisation. Namely, an eNB can prioritise a carrier due to specific reasons, for instance if a carrier is less affected by interference it could be prioritised for UE selection with the result of minimising the overall interference level in the HetNet deployment.
Such carrier prioritisation can be achieved via tuning of parameters such as “ThreshX, HighP” and “ThreshX, HighQ” broadcast on BCCH (see [4]). However, the specifications currently do not describe how such parameters can be used for possible tuning of PCell selection parameters for the purpose of interference mitigation.
With regards to UEs supporting CA and able to be allocated SCells, mechanisms have been defined to monitor the quality of the SCell and eventually to de-allocate or re-allocate an SCell to a specific UE. An example of such mechanisms is the A6 Event specified in [4], where a UE can report deterioration of the SCell signal with respect to another visible neighbour cell. However, current specifications do not address the scenario where SCell re-selection is carried out for the purpose of minimising interference. 
Observation 1: The solutions available as part of the Macro-Pico prioritised scenario “Per UE carier selection for CA” are applicable to both CA capable UEs and legacy UEs

Proposal 1: RAN3 should investigate the possibility of supporting enhanced PCell selection for HetNet ICIC purposes

In the next section, scenarios based on SCell re-selection for the purpose of HetNet ICIC are investigated.

2.1 SCell Selection for HetNet ICIC
It has been already described in [5] that the current specifications do not address some important interference conditions typically encountered in HetNet deployments.
Such interference conditions occur when a UE, connected to a Macro UE (MUE) and transmitting on a carrier also in use by a neighbour Pico cell, falls between the uplink and downlink coverage area of a Pico eNB.  Assuming that the MUE is assigned an SCell by the Macro eNB, on the same carrier as the PCell of the Pico eNB, the MUE generates uplink interference to the Pico eNB. However, the MUE cannot detect the Pico cell because it is outside its DL coverage area, therefore it cannot report the Pico cell to the serving Macro eNB to allow identification of the interfering UE.
It is worth noticing that a disparity between UL and DL coverage areas is present in all cases of (small) cells neighbouring (macro) cells with higher transmission power. Therefore all the scenarios involving a Pico cell neighbouring a Macro cell are of relevance, as shown in the two example scenarios in Figure 1 and Figure 2.
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Figure 1: MUE UL interference when Pico cell is within Macro cell coverage
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Figure 2: MUE UL interference when Pico cell and Macro cell overlap at cell edge

In the case of Figure 2, the UL interference generated by the MUE is at its most severe level due to the higher UL transmission power used by MUE.

In both the scenarios depicted in Figure 1 and Figure 2, the Pico eNB will detect high UL interference and it will signal it to the Macro eNB via X2: LOAD INFORMATION message. If the MUE was in a position to detect the Pico cell and report it to the Macro eNB, current mechanisms for de-allocation/re-allocation of SCell could be triggered by the Macro eNB. However, due to the MUE being unable to detect the Pico cell, the Macro eNB cannot efficiently identify the exact cause of the Pico High UL interference, as described in Figure 3.
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Figure 3: Possible scenarios in case UL High Interference is reported from Pico eNB to Macro eNB

From Figure 3 it can be deduced that the main problem that needs to be resolved is how to identify the MUE generating UL interference to the Pico eNB. Once such UE (or group of UEs) is detected, the Macro eNB can proceed in an efficient modification of the SCell for such UEs.  
If the interfering MUEs are not detectable, the only option available to the Macro eNB is to de-allocate or modify the SCell for all the MUEs where the Secondary Component Carrier (SCC) is equal to the Pico Primary Component Carrier. However, such action is not efficient and might have negative consequences. Firstly, MUEs not in the Pico eNB neighbourhood might need to be unnecessarily moved from an optimal SCell to a sub-optimal SCell, with consequent impact on their performance.
Secondly, a mass transfer of all MUEs to a different SCell might generate similar interfering issues for the Pico eNBs using the newly assigned SCC as PCC.

Therefore, it is proposed that RAN3 focuses on enabling Macro eNB <-> Pico eNB signalling to support identification of interfering MUEs and consequently resolution of the UL High Interference for the Pico eNB.

Proposal 2: It is proposed that RAN3 studies the problem of identification of MUEs generating UL interference to Pico cells and that solutions based on X2 signalling are designed
3 Conclusions and Proposals
In this paper Carrier Based HetNet ICIC scenarios prioritised in [2] were analysed. It was firstly clarified that the potential solutions labelled in [2] as “Per UE carrier selection for CA” not only apply to CA capable UEs but also apply to legacy UEs. According to such analysis the following was observed: 
Observation 1: The solutions available as part of the Macro-Pico prioritised scenario “Per UE carier selection for CA” are applicable to both CA capable UEs and legacy UEs

In the paper it was described how selection of PCell for CA capable UEs and legacy UEs can be used in a way to mitigate HetNet interference. In order to study such scenario and to design solutions that could exploit such aspects the following was proposed:

Proposal 1: RAN3 should investigate the possibility of supporting enhanced PCell selection for HetNet ICIC purposes

Finally, the paper addressed Macro – Pico scenarios in which a Macro UE generates UL interference to a Pico eNB by transmitting on a Secondary Component Carrier used by the Pico eNB as Primary Component Carrier.  In order to efficiently mitigate such interference it was explained that the Macro eNB needs first and foremost to identify the Macro UE generating interference.  Consequently, the following proposal was made:

Proposal 2: It is proposed that RAN3 studies the problem of identification of MUEs generating UL interference to Pico cells and that solutions based on X2 signalling are designed
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