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1 Introduction

It has been decided in RAN3#73 that the scenarios of per UE carrier selection for CA in macro-pico have high priority. However, whether the operational carrier selection for pico is autonomous or not has middle priority. In this paper, we would try to clarify the necessity of autonomous carrier selection for pico and the solutions of per UE carrier selection for CA in macro-pico scenario.
2 Discussions
2.1 Operational Carriers Selection
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In the last meeting, for macro-pico scenario, per UE carrier selection for CA was set as high priority for both pico and macro, i.e. for pico and macro eNB, it is possible to perform autonomous carrier selection for an UE supporting CA. while the operational carrier selection in macro-pico scenario was not urgent to be considered.

Macro cells are mainly for basic coverage due to their high power, large radius attributions, sometimes they also provide capacity improvement. As a basic coverage layer, the operational carrier selection for macro cells should be decided by operators according to the radio planning result.
Pico cells are always used for the complement coverage “holes”, providing higher capacity under basic coverage and offloading some traffic from macro cell. Different aims lead to different consideration.
For a location in the coverage hole, the macro cell cannot provide adequate signal strength and pico cell uses the same carrier with macro cell to cover this hole. It can be implemented according to planning configuration from OAM or autonomous selection by pico itself so that. There is not so much influence on radio condition. A UE nearer such pico cell will access it to get better signalling and service quality.
If a pico is deployed for increasing capacity or offloading traffic from macro cell, a complex radio environment is possible. Pico eNB is also a RAN node providing continuous coverage, operational carrier selection should be carefully performed, as network planning and autonomous selection can be used. By network planning, network planning tool considers radio environment and predicted traffic load to get a result for deciding the operational carrier. Note that the result shall be universal and should not be solely determined by an instantaneous measurement result. Furthermore, deploying a new pico carrier would also bring new influence on radio environment around, and further affecting interference condition of the RAN nodes around.

Proposal 1: For pico cells, both network planning and autonomous methods can be used for operational selection according to different use cases.
2.2 Per UE Carrier Selection
Carrier Aggregation was introduced from R10, the network after R10 should be considered to support the UE with ability of CA. Therefore, selecting suitable Pcell and Scell for a UE and considering interference among the carriers are also need to be specified.
When a UE selects/re-selects a macro/pico cell to camp, it measures signal quality and/or reads cell reselection priority from SI to decide a suitable cell. After the successful camping of the UE, the Pcell for the UE has been determined. Network would select one or more Scell for a CA UE after it entered connected mode to provide higher data rate service. The selection of Scell shall consider traffic load and interference condition of the candidate carriers.
The eNB selects Scell for an active mode UE which located at the centre of a cell according to, e.g. traffic load on the carrier, because in this location, this cell has better signal quality and lower interference than surrounding cells.
For the UE located at the edge of cell, eNB selects Scell for the UE when it needs considering not only traffic load but also environmental interference level. R8 procedures provide mechanisms to transfer interference information between eNBs with PRB resolution. The receiving eNB gets interference condition for every PRB at the edge of cell according to the information. Through the statistics of transferred interference information for PRBs, when a lot of PRBs experienced higher interference, eNB can consider that this cell (carrier) has higher interference at the edge area and the carrier should not be considered as Scell for the UE.
Load Indication procedure defined in R8 is used for ICIC. Parameters of UL Interference Overload Indication, UL High Interference Indication and RNTP are transferred by LOAD INFORMATION message. 

UL Interference OI indicates UL interference level experienced by the indicated cell on all resource blocks, per PRB. Therefore, sending node of the message has knowledge about UL interference on served cells. Sending eNB could use this UL interference parameter to select Scell for a UE. UL High Interference Indication indicates the occurrence of high interference sensitivity, as seen from the sending eNB, per PRB. Receiving eNB could use this information to judge the experienced interference level of the UE near the sending eNB. By collecting of UL HII information from adjacent cells, the eNB would have an overview of UL interference environment around it. This may help the eNB to select suitable carrier for a UE as Scell.
RNTP is a parameter related with DL interference. It indicates whether downlink transmission power is lower than the value indicated by the RNTP Threshold IE, per PRB. The eNB receiving LOAD INFORMATION messages from neighbouring eNBs gets the information of possible DL interference caused by higher DL transmission power per PRB per cell. It is beneficial for a eNB to assume whether a UE at the edge of cell would be interfered by higher DL transmission from neighbour cell and select a suitable carrier which has lower DL interference to be a Scell for the UE.
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Figure 1

For example in the figure above, if a LOAD INFORMATION message is sent from macro eNB to pico eNB including experienced interference of its cells per PRB from f11 to f14. It is assumes that many PRBs in f12 has high UL OI, many PRBs in f13 has high downlink transmission power. When the pico eNB received LOAD INFORMATION message, it will deduce that f22 will experience high DL interference from f13. When a UE requires a new Scell for its service, pico could determine to allocate carriers other than f22 to the UE.
According to above, we think existing R8 ICIC mechanism can be re-used in R11 for the Scell autonomous selection of UE.

Proposal 2: Re-use existing R8 ICIC mechanism as the solutions of Scell autonomous selection of UE.

However, Load Indication defined in R8 is triggered by events. It is for further study that whether a periodical triggering should be defined for the procedure.
2.3 Carrier re-selection

Carrier re-selection is considered when a UE experienced higher interference on its Pcell or Scell(s). It is possible for a eNB to re-select another more suitable carrier for UE to replace the interfered one.
The interference for the UE can be measured and reported to the eNB. The eNB determines whether a new carrier should be selected to replace the old one according to the information measured by the eNB, the UE and the parameters exchanged via X2 inteface.

The mechanisms of changing Pcell or Scell for UE have been defined in RAN2.

Proposal 3: The mechanisms of carrier re-selection reuse the principle defined by RAN2.

2.4 Co-existence with TDM ICIC

In TDM ICIC, if pico UE experienced strong interference from macro cell, macro cell can set ABS pattern to protect UE’s transmission in these subframes. When the UE applies CA at the same time, we shall consider how to apply ABS for UE’s carriers. That means whether all of the carriers in a pico apply the same ABS pattern from one macro eNB or only one carrier is protected by ABS pattern. If all of the carriers of a pico are protected by ABS, it may produce some waste of resources. For example, a carrier is not interfered by macro transmission because it has different frequency with macro. If ABS is applied for this carrier, the UEs served by this carrier can only use corresponding ABS subframes, other non-ABS subframes are wasted. 
It is proposed only apply ABS pattern in strong interfered carrier.

For the case of supporting carrier aggregation, if ABS is only applied on some carrier, for a UE which allocated several carriers may have some carriers adopted ABS and other carriers not. If the carrier for UE’s Pcell applies ABS, its Scell can be scheduled as normal. In additional, according to R10 conclusion made by RAN2, although the carriers applied ABS can be selected as Scell for the UE, it is better to avoid it, no matter whether ABS is applied to Pcell or not. Although ABS pattern applying to Scell is discussed by RAN2 in progress, they do not have conclusion now and we propose not to consider it in R11 carrier-based ICIC WI.
Proposal 4: Consider the issues that how to apply ABS for a node supporting carrier aggregation.

3 Conclusion

This paper aims to discuss some aspects on carrier based ICIC. It is proposed RAN3 to agree following proposals:
Proposal 1: For pico cells, both network planning and autonomous methods can be used for operational selection according to different use cases.

Proposal 2: Re-use existing R8 ICIC mechanism as the solutions of Scell autonomous selection of UE.

Proposal 3: The mechanisms of carrier re-selection reuse the principle defined by RAN2.

Proposal 4: Consider the issues that how to apply ABS for a node supporting carrier aggregation.
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