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1. Introduction

The way forward [1] in RAN3#73 meeting proposed the prioritized interference scenario in various deployments of HetNet and agreed that operational carrier selection will be FFS in the macro plus pico deployment, by referring to the following Table 1. 

	
	operational carriers selection
	Per UE carrier selection for CA

	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)
	FFS for HeNB

NO for macro
	FFS 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)
	FFS for HeNB

NO for macro
	FFS for HeNB

NO for macro


Table-1: Proposed prioritized scenario in various deployments of HetNet (priority levels: YES (highest) / FFS (middle) / NO (lowest) )
Furthermore, RAN3#73bis meeting raised a hot discussion on the focus of the carrier selection [2-8] and some proposals of [3][6-8] support that the operational carrier selection is of the same high priority as per UE carrier selection. In this contribution we present our consideration on operational carrier selection for macro plus pico deployment. 
2. Use case
When the carrier based inter-cell interference coordination is used to mitigate interferece in macro plus pico deployment, both macro eNB and pico eNB need to have the knowledge of which carriers to transmit for their severely interfered UE. 
Herein, carrier resource can be categorized as basic carrier and complementary carrier. Basic carrier resource is required to have the capability of serving its coverage area with ensured quality, which may be referred as the main carrier. In contrast, the complementary carrier targets at providing more capacity for the system. The basic carrier must transmit with full tx power in PDCCH, whereas the complementary carrier may transmit with zero or reduced tx power in PDCCH. Then question is that how the classified carrier could be utilized efficiently. Actually, macro may utilize the basic carrier of pico eNB as the complementary carrier by reducing the transmission power of the PDCCH or that of both the PDCCH and PDSCH, in order to increase the spectral utilization efficiency overall the system. Likewise, the pico eNB may utilize the basic carrier that is employed for macro eNB as the complementary carrier. Via cross carrier scheduling, the complementary carrier may be under good utilization for improving spectral utilization efficiency albeit the blanking of the PDCCH. 
Use case 1:
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Fig.1 Illustration of carrier-based HetNet ICIC between macro and pico eNB
In carrier based HetNet ICIC, the most basic scenario is the multiple carrier allocation between macro eNB and pico eNB. The basic carrier at macro and pico should be orthogonal. As shown in Fig. 1, for macro eNB, F1 is the carrier set of the basic carrier and F2 is that of the complementary carrier; instead for pico eNB, F2 is the carrier set of the basic carrier and F1 is that of the complementary carrier. 

Use case 2:

In the densely distributed area with the pico cells, as the pico UEs located in the overlapped area of neighboring pico cells suffer from the severe interference from each other, it is desired that the basic carrier allocation is orthogonal between these pico cells. For example, Fig. 2 shows a scenario where pico cells are densely deployed with two pico cells overlapping. As shown in Fig. 2, for pico eNB 1, F2 is the carrier set of the basic carrier; instead for pico eNB 2, F3 is the carrier set of the basic carrier. 

In this case, it is difficult for macro eNB to pre-plan the basic carrier coordination between pico cell 1 and 2 as various pico eNBs suffer from different interference condition and it takes efforts for macro eNB to acquire the interference situation between pico cells. Macro eNB pre-planing approach may result in the less flexible scheduling resource management not withstanding more complex interference situation. Therefore, it is not beneficial for the macro eNB to regulate which carriers the pico eNB should use as the basic carrier as. It is better that pico eNB owns the right to choose its basic carrier according to its available carriers and surrounding interference situation.

[image: image2.png]I8 Nicrosoft PoverPoint — [PCCSCC_aultiplePicol
#RO TAD ATHMRD FOw FHo RARERDLE

<

BEMAFINEE

37 (PE)




Fig.2 The illustration of the multiple carrier allocation in the scenario of multiple overlapping pico cells
Use case 3:

Fig.3 shows a scenario where a pico is interfered by two macro eNBs. If the intersection between the two complementary carrier sets of the Macro eNB1 and macro eNB2 is empty, there is no reliable resource scheduled for the strongly interfered Pico UE. In figure 3, F2 and F3 belong to the complementary carrier set of the Macro eNB1, F1 and F2 belong to the complementary carrier set of the Macro eNB2. It should ensure that common set of complementary carriers sets is not empty. Otherwise, the strongly interfered pico UEs interfered by macro eNB1 and macro eNB2 will fail to receive the signal from Pico. Therefore common subset for complementary carriers from multiple interfering eNB need to be discussed. 
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Fig.3 Simple illustration of multiple macro eNBs interfering scenario
Proposal 1: The above mentioned use cases should be bear in mind to consider the enhancement of the current mechanism in X2 interface. 
3. Compare of solutions
3.1 Available mechanism 

In the current specification, the Relative Narrowband Transmit Power (RNTP) IE is used to indicate information about the transmit power for Physical Resource Blocks (PRB) used for data channels. In the last meeting, the proposal [5] has pointed out how to reuse the existing mechanisms, specifically enhancing RNTP. This enhancement can be easily achieved by letting the pico eNBs suggesting what RNTP threshold it likes to be reported for RNTP bitmap, so that macro eNB may indicate to the pico cell whether a certain carrier is configured at full power or at reduced power. Consequently, the pico eNB may utilize this information to determine or optimize its carrier allocation. 

However, we are aware that the scheme of RNTP reuse suffers from some disadvantages. In fact, only the transmission power of PDCCH is required to follow the regulations to ensure the avoidance of strong interference from macro eNB to the cell edge UE in the expanded area of pico cell with CRE. It is not necessary to restrict the transmission power of macro eNB, especially PDSCH, on a certain carrier to be lower than the regulated RNTP threshold. Hence we would like to suggest to consider the transmission power reduction in the PDCCH and PDSCH respectively. This hence solicits the introduction of a new signalling in the X2 interface to be exchanged. 
3.2 Suggested solution
It is suggested to introduce a new concept, carrier pattern to differentiate the RNTP to assist the carrier selection. For the macro eNB, the operational carrier can be statically configured by OAM. However，the actual utilization of these operational carriers is varied according to the surrounding traffic load as well as interference condition. 

Proposal 2: The operational carrier at the macro eNB is statically configured. The operational carrier at the pico eNB is allowed to be semi-statically configured. 
The basic carrier partitioning between macro eNB and pico eNB should be orthogonal and the same rule is applied to the densely deployed pico eNBs. The basic carrier at the macro eNB can be utilized as complementary carrier at pico eNB through blanking or reducing tx power of the PDCCH and enabling cross carrier scheduling, and vice versa. The resulting carrier pattern knowledge could be informed through the X2 between macro and pico eNB by referring to [4].
Proposal 3: The basic carrier partitioning should be orthogonal. The basic carrier at the macro eNB can be utilized as complementary carrier at pico eNB through blanking/reducing tx power of the PDCCH and enabling cross carrier scheduling, and vice versa. The carrier pattern may be signalled over X2 interface.
For the macro eNB, the basic carrier can be statically configured by OAM. However, for the densely deployed pico eNBs, it is recommended that pico eNB may have the right to select a suitable/optimum carrier by perceiving the surrounding circumstances, in particular the signal quality and interference of each carrier. We explain it in detail as follows.

Regarding the use case 2, some control informtion may be exchanged over X2 interface between eNBs to ensure more reliable coordination of operational carriers. The information on PDCCH utilization should be updated semi-statically in order to ensure that scheduling resources in the interfering eNB are not wasted, while still providing sufficient means for the interfered eNBs to schedule UEs located in the cell edge. We hence propose that
Proposal 4: The control information should be updated semi-statically over X2 interface in order to ensure the best utilization of the available carrier resource.
4.3 Additional factors
One of the issues that requires more discussion is the feedback from the interfered cell to the interfering cell so that the interfering cell can make a proper decision for the operational carrier when its traffic loads vary.
Resource status information such as cell load information need to be exchanged to facilitate the interfering eNB to make a proper decision for its operational carrier by considering its own resource status and the neighbouring eNB’s resource status with respect to the severely interfered UE protected by basic carrier. In case that the carrier utilization status is low, the interfering eNB may reduce the number of operational carrier to facilitate the neighbouring eNB that is under the heavy load. 

Proposal 5: The resource status reporting procedure should allow reporting of carrier loading status that may be utilized for determining whether current operational carrier is under good utilization.
4. Conclusion
This contribution gives some consideration on operational carrier selection in macro+pico deployment for carrier based HetNet ICIC support with the following proposals:.
Proposal 1: The above mentioned use cases should be bear in mind to consider the enhancement of the current mechanism in X2 interface. 
Proposal 2: The basic carrier at the macro eNB is statically configured. The basic carrier at the pico eNB is allowed to be semi-statically configured. 
Proposal 3: The basic carrier partitioning should be orthogonal. The basic carrier at the macro eNB can be utilized as complementary carrier at pico eNB through blanking/reducing transmission power of the PDCCH and enabling cross carrier scheduling, and vice versa. The carrier pattern may be signalled over X2 interface.
Proposal 4: The control information should be updated semi-statically in order to ensure the best utilization of the available carrier resource.
Proposal 5: The resource status reporting procedure should allow reporting of carrier loading status that may be utilized for determining whether current operational carrier is under good utilization.
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