Page 1



3GPP TSG RAN WG3 Meeting #73





       R3-111983
Athens, Greece, 22nd – 26th August, 2011
Agenda item:
12.2
Title:
Discussions on carrier selection for interference management
Source:
New Postcom
Document for:
Discussion and Decision
1 Introduction

At the RAN#51 meeting, the new WI “Carrier based HetNet ICIC for LTE” had been approved with its main objectives quoted below [1]: 

· Evaluate the performance benefits of having interference management on carrier resolution between different BTS nodes in the defined HetNet environments (3GPP TR 36.814). (RAN1 based on RAN3 requests) 

· Study inter-node signalling needed for robust autonomous solutions, where each BTS node selects to use the carrrier(s) that maximize the overall network performance (RAN3).

· 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.

· Focus on solutions which do not requiring tight synchronization between eNodeBs.
According to the above descriptions, the Interference Management (IM) solutions to be considered in this WI shall work on carrier resolution. Under this assumption, there might be several way forwards for mitigating inter-cell interference (ICI) in HetNet environments:
· Carrier selection in a manual or autonomous manner;
· UE migration over multiple carriers;
· Cross-carrier scheduling (CA-capable).
Specifically, carrier selection for IM has been discussed in the last RAN3 meeting [2][3], but no consensus was achieved. Actually, IM has been a hot topic for several years [4-7][8][9] with the main focus on autonomous carrier selection methods within the CA framework. Recall that PCell/SCell and PCC/SCC are UE-specific definitions [10]. However, the carrier selection mechanism works in a cell-specific manner. Thus, reusing the existing definitions of  PCell/SCell and PCC/SCC will inevitably inflict confusions in the context of carrier selection for IM.
In this contribution, we develop a set of general concepts suitable for multi-carrier deployments, in an attempt to facilitate efficient discussions on carrier selection for IM. Furthermore, typical scenarios of carrier selection for various types of BTS nodes are analysed.
2 Discussion
2.1 Base Carrier and Auxiliary Carrier

From physical layer’s perspective, carriers in different bands have distinct radio wave propagation characteristics, which significantly affect the design of carrier selection strategies. In addition, many more complicated factors need to be well considered in network planning and deployment phases. The discussion of carrier selection for BTS nodes would hardly go any further without proper abstraction of such complexities. 
In practice, carrier deployment may at least follow one of the two strategies: better coverage or better service quality. Hereby, we introduce the concepts of Base Carrier (BC) and Auxiliary Carrier (AC) according to these two strategies:

· A BC is a carrier deployed mainly for purpose of ensuring reliable coverage and seamless mobility services;
· An AC is a carrier deployed only for providing premium or dedicated services, which can be for instance data-demanded applications, VIP services, etc.
An eNB can employ BCs only, or ACs only, or both. For neighbouring eNBs, they may have intra-frequency BCs, or ACs, or a BC and an AC, etc. Such assumptions are illustrated in Fig. 1, where different colours indicate different frequencies, while bigger and smaller circles refer to BCs and ACs, respectively.
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Fig. 1-a: multi-BC/AC at single eNB
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Fig. 1-b: Co-channel BC/AC
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Fig. 1-c: Orthogonal BCs/ACs
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Fig. 1-d: Co-channel deploying BC and AC

Furthermore, we define the set of BCs employed by multiple eNBs in a certain area as the BC layer, and the set of ACs employed by multiple eNBs in a certain area as the AC layer. A cell is deployed on carrier(s) of either the BC layer or the AC layer. In the remaining part of this contribution, we consider the terminology of BC (AC) as the synonym of the cell associated with the BC (AC) layer.

A BC is assumed to work continuously, while an AC has a coverage radius no greater than that of a BC employed by the same eNB and may be activated/deactivated on demand.
Unlike the PCell/SCell or PCC/SCC in the Rel-10 CA framework [10], which are UE-specific by their definitions, the above-mentioned BC/AC concepts are mainly related to network planning and deployment, and thus are cell-specific. Such a difference helps to eliminate potential confusions that may arise, if the terminologies used in the Rel-10 CA framework are reused in the context of the Carrier based HetNet ICIC for LTE WI. To facilitate efficient discussions in this WI, we kindly request RAN3 to adopt the above concepts.
Proposal 1: RAN3 is kindly requested to consider the BC/AC concepts for discussions in the Carrier based HetNet ICIC for LTE WI.

2.2 Carrier selection for BTS

We may classify BTSs into three categories according to their radio capabilities and access control modes:
· Macro cell;
· Pico cell and open femto cell;
· Closed femto cell.
The pico cell and open femto cell are grouped together in our analysis because X2-based coordination between macro eNB and open HeNB is expected to be available as the output of the investigations on Rel-11 SI “Further enhancements for HNB and HeNB”, no matter direct or indirect X2 connection is eventually supported.

Proposal 2: RAN3 is kindly requested to consider X2-based IM method between open HeNB and other (H)eNBs in the Carrier based HetNet ICIC for LTE WI.
The remaining of our discussions provides our investigations on carrier selection use cases relevant to different types of BTSs in HetNet.
2.2.1 Macro cell
It is well known that macro cells are typically deployed for achieving wide coverage and thus may be considered as BCs according to our definition in Section 2.1. In this case, if carrier selection were to be activated, network-wide planning and pre-operational optimization are mandatory. In our opinion, carrier selection for macro BCs depends on some indispensable manual efforts before the macro site starts to provide normal services. For example, estimation of the density of site deployment, calculation of the link budget, on-spot surveys for site selection, on-spot network optimization based on measurement data, etc. These procedures rely on various complicated factors that may not be figured out by an autonomous carrier selection mechanism. Furthermore, given that a primary purpose of exploiting autonomous carrier selection is to alleviate demand of human interventions, it does not make much sense to only decouple manual BC selection for macro cells from all the aforementioned procedures by enabling an autonomous BC selection mechanism [4-7]. Besides, due to the scarcity of spectrum resources, especially for the carriers suitable for wider coverage, in reality the operator is likely to have only one carrier that may be qualified as a BC. In other words, the macro BC typically needs to be always on. Hence, it does not seem to be beneficial or even possible to allow autonomous BC selection.
On the other hand, network-wide planning and pre-operational optimization may not be mandatory for deploying macro ACs. Depending on operator’s policy, autonomous carrier selection may be applicable.
Proposal 3: RAN3 is kindly requested to consider that macro BC should be excluded from autonomous carrier selection mechanism, and that study on macro AC for autonomous carrier selection should be treated as low priority.
2.2.2 Pico cell and open-mode femto cell
The reasons for deploying pico cell and open femto cell are:
· Eliminating coverage holes;
· Improving system spectral efficiency.
Firstly, a pico cell or an open femto cell may be considered as a BC, if it is deployed for the purpose of eliminating coverage holes. Considering spectral benefits, co-channel deployment of pico or open femto BCs and macro BCs may be preferred even it will create ICI. Thus, SINR-based autonomous carrier selection methods for example the one proposed in [4-7] will likely be an inappropriate solution, since in such a situation the SINR is expected to be statistically low. Furthermore, it is reasonable to assume that the BC operates in always-on mode as in the macro case, implying that the autonomous carrier (re)selection method is not suitable for this case.
Secondly, a pico or open femto cell shall be considered as an AC, if it is deployed for the sole purpose of offering premium or dedicated services. Provided that the pico eNB is able to autonomously power on/off an AC, it should be beneficial to apply a proper autonomous carrier selection method. One possible solution is that the pico eNB makes the decision of turning on or muting an AC based on the target SINR thresholds of the cell and its neighboring cells, which typically are macro cells. More specifically, the pico eNB is capable of measuring its surrounding radio environment and thus makes its decision on AC selection accordingly [4-7]. We suggest RAN3 discuss and develop autonomous carrier selection methods with X2-based coordination for ACs of pico and open femto cells.
Proposal 4: RAN3 is kindly requested to consider that pico or open femto BCs should be excluded from autonomous carrier selection mechanism to be studied in the WI.

Proposal 5: RAN3 is kindly requested to discuss and develop autonomous carrier selection methods with X2-based coordination for ACs of pico and open femto cells.
2.2.3 Closed femto cell
Although whether a HeNB can support multiple component carriers/cells is still under discussions [12][13], without loss of generality, we assume in this section that the HeNB may have multiple cells which are CA capable or CA-incapable.
The closed HeNBs are Customer Premises Equipment (CPE) to be manually deployed by end users without usual network planning. In addition, users have sole discretion in turning on and off their closed HeNBs. From when a clsoed HeNB is switched on until it is turned off, at least one cell will be activated, which may be considered as a BC. On the other hand, if a cell’s activation/deactivation is controlled by the closed HeNB for premium or dedicated services, the cell is considered as an AC.
It is well-known that in case of co-channel deployment of macro cell and closed femto cell, the femto cell may create a coverage hole of the macro cell, while the macro UEs in the proximity of the closed femto cell create severe UL interference on femto UEs. Ideally, if the femto cell could be frequency-orthogonal to other (macro) cells, the co-channel interference will be avoided. Since the closed HeNBs are to be deployed without mutual coordination in placement and frequency reuse strategies, it is beneficial to exploit autonomous carrier selection in closed HeNBs.
For instance, when powered on, the closed HeNB may scan for its radio carriers and select a carrier as its BC on which the estimated SINR is maximized. In terms of AC, the closed HeNB can select less preferred carrier(s) based on same criterion. Additionally, a threshold could be set for indicating excessive interference introduced by an AC on its neighbouring counterpart cells, so that the HeNB may decide to mute the AC when needed.
When closed femto cell is an aggressor to macro cell, the HeNB may provide an ABS pattern to macro eNB to facilitate the ICIC operations. Therefore, when autonomous carrier selection is enabled, the HeNB needs to inform macro eNB about which carrier and ABS pattern are employed in an online manner, other than following the semi-static OAM-based solution defined in Rel-10 eICIC. More explicitly, such methods rely on Network Listening Module (NLM) within the HeNB and possibly Over-The-Air (OTA) signaling support due to the absence of X2-based coordination in this situation [14]. Hence, we suggest RAN3 discuss and develop an autonomous carrier selection method without the need of X2-based coordination for closed femto cells.
Proposal 6: RAN3 is kindly requested to discuss and develop autonomous carrier selection methods and inter-node ICIC without X2-based coordination for closed femto cells.
3 Conclusion

In this contribution, we develop various concepts of SC/AC, BC layer/AC layer and BC-layer cell/AC-layer cell, with the intention of facilitating the discussions on carrier selection for IM. Especially, this will help to mitigate potential confusions with the terminologies of PCell/SCell and PCC/SCC already used in the Rel-10 CA framework. Moreover, the use cases of carrier selection with respect to different types of BTS nodes in HetNet environments have been analyzed, for the sake of identifying the typical scenarios where the IM on carrier resolution may be benefited from autonomous carrier selection mechanisms.
Based on the above analysis, we suggest RAN3 agree on the following proposals:
Proposal 1: RAN3 is kindly requested to consider the BC/AC concepts for discussions in the Carrier based HetNet ICIC for LTE WI.
Proposal 2: RAN3 is kindly requested to consider X2-based IM method between open HeNB and other (H)eNBs in the Carrier based HetNet ICIC for LTE WI.
Proposal 3: RAN3 is kindly requested to consider that macro BC should be excluded from autonomous carrier selection mechanism, and that study on macro AC for autonomous carrier selection should be treated as low priority.

Proposal 4: RAN3 is kindly requested to consider that pico or open femto BCs should be excluded from autonomous carrier selection mechanism to be studied in the WI.

Proposal 5: RAN3 is kindly requested to discuss and develop autonomous carrier selection methods with X2-based coordination for ACs of pico and open femto cells.
Proposal 6: RAN3 is kindly requested to discuss and develop autonomous carrier selection methods and inter-node ICIC without X2-based coordination for closed femto cells.
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