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1. Introduction
Initial work on Carrier-based eICIC has been included in Rel-9 SI for LTE Advanced. In TR36.814 [1], a solution based on cross carrier scheduling is described. Later, carrier based Hetnet have been discussed in Rel-10 CA with some remaining work in Rel-11.  In RAN#50, carrier based eICIC has been approved as a WI led by RAN3 for Rel-11[2]. There have been some initial discussions on the scenarios of carrier based eICIC in RAN3#72 [3][4]. In this discussion paper, some initial consideration for carrier based eICIC is provided. 
2. Discussion on autonomous carrier selection and reselection by eNB
As stated in [3][4], the benefits of autonomous carrier (re)selection should be evaluated against the risks. Some of the risks of autonomous carrier (re)selection are listed below:

1) Unconfined or uncoordinated carrier (re)selection may cause large interference to neighbor cells. Such interference may degrade the DL and UL performance of nearby UEs served by neighbor cells. When significant interference to neighbor Pcell occurs, radio link failure may happen. 

2) Frequent carrier (re)selection leads to dynamic radio environments, which makes it difficult to perform decentralized resource coordination wisely. Given the dense deployment of low power nodes, it should be avoided that one node’s reselection leads to other nodes reselection, which may cause reselection storm. On the other hand, radio resource management provides a number of mechanisms such as connection mobility control, load balancing, (e)ICIC, etc. to optimize the system performance. SON mechanisms such as MRO and MLB provide additional benefits by self optimizing based on measurements and inter-eNB signaling. These RRM and SON mechanisms perform well under the assumption that the radio environment measurement and information exchange are sufficient and prompt. Introducing a new and large-scale (in terms of carrier instead of PRB or subframes) radio resource allocation/reselection approach will inevitably introduce big variants to existing RRM and SON mechanisms. Such variants, if too frequent, will have a significant negative impact to existing RRM and SON mechanisms, leading to large overhead increase and performance loss. 

Observation 1: Unconfined or uncoordinated carrier (re)selection may cause large interference to neighbor cells. 
Observation 2: Frequent carrier (re)selection leads to dynamic radio environments, which makes it difficult to perform decentralized resource coordination wisely. 

Given the above analysis on the risks of carrier (re)selection, we need to investigate the scenarios for which the benefits of carrier (re)selection outperform its risks. The key question is that in what circumstances carrier (re)selection is motivated and what kind of conditions will trigger carrier (re)selection. 
1) Operators have shown two traffic variation patterns in current cellular systems. In the time domain, the traffic volumes diverse greatly for peak time and off-peak time. For energy saving, operators may choose to power off some of carriers during off-peak time and power up carriers during peak time. 
2) For the space domain, people move between offices and homes for work time and other time, causing a significant migration of traffic between commercial areas and living areas. Since low power nodes are mainly deployed to address the hotspot and indoor traffic demand while macro cells are mainly deployed for wide coverage, there could be a significant traffic migration between macro cells and pico/Femto cells. To address such traffic migration, some of carriers used by macro cells may be deactivated so that they can be better used by pico/Femto cells. 
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Figure 1. Observed traffic migration between commercial areas and living areas (source: CMCC)
3) There are also other scenarios that carrier (re)selection may be motivated. For example, during the installation and/or power up procedure, low power nodes need to select the carrier for operation. Such carrier selection may be O&M configured or use a combination scheme of autonomous carrier reselection under the configured carrier set given by O&M.

Observation 3: Traffic variations observed by operators in the time domain and space domain may be use cases that carrier selection or reselection brings significant benefits. Additionally, carrier selection may be necessary during the installation or power up procedure of low power nodes.
With the above analysis on the risks and benefits of carrier (re)selection, we think that carrier (re)selection should be confined and coordinated to mitigate large interference risks.  Moreover, the time scale of carrier (re)selection should be much larger than the existing RRM and SON mechanisms. To mitigate the negative impact to existing RRM mechanisms, a time scale of seconds or even slower can be considered.
Proposal 1: Carrier (re)selection should be confined and coordinated to mitigate large interference risks.
Proposal 2: To mitigate the negative impact to existing RRM mechanisms as well as to have a robust autonomous carrier (re)selection mechanism, the time scale of carrier (re)selection should be much larger than the existing RRM and SON mechanisms. For example, a time scale of seconds or even slower can be considered.

3. Discussion on carrier bandwidth use cases

[image: image2.emf] 

Macro  

Pico  

f  

1  

f  

2  

f  

1  

f  

2  

f  

1  

f  

2  

f  

1  

f  

2  

Macro UE   B  

•   Control signaling on f  

1  

•   Data on f  

1  

and/or f  

2  

Pico UE  

•   Control signaling on f  

2  

•   Data on f  

1  

and/or f  

2  

Macro UE   A  

•   Control signaling on f  

1  

and/or f  

2  

•   Data on f  

1  

and/or f  

2  


Figure 2. CA based eICIC for macro-pico scenario

Figure 2 shows an example of carrier based eICIC for which macro cell and pico cell are configured with equal bandwidth. However, this equal system bandwidth use case may not be the only, even the major, hetnet use case due to the following considerations.
1) Lower power nodes (LPN), especially femto may serve a limited number of users in the same time. As a result, the carrier bandwidth can be several times less than that used for macro cell. For example, macro cell may normally use a 20MHz carrier while Femto cell may use a 5Mhz carrier.
2) Low power nodes, especially Femto can be deployed with less network planning and optimization. That implies less cost but higher risk such as interference. Moreover, low power nodes may power on and off more dynamically than macro cell. Thus, a smaller bandwidth may mitigate the risk and impact for low power nodes’ deployment. 

3) Low power nodes may be deployed densely. A configuration of smaller carrier bandwidth enables flexible carrier resolution among densely deployed low power nodes, thus mitigating the interference. 

4) A configuration of small carrier bandwidth also makes it easy to combine with diverse frequency reuse schemes including fractional frequency reuse (FFR) and soft frequency reuse (SFR) scheme, thus providing additional performance benefits.  For example, the carrier of low power nodes can be selected so as to not conflict with its overlapping macros (Figure 3). Similarly, low power nodes can select a carrier with minimized interference in FFR or SFR case.
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Figure 3. Frequency resolution between macro and LPN 
Proposal 3: Both use cases with equal bandwidth or unequal bandwidths for macro and low power nodes should be considered in carrier based eICIC.
4. Scenarios for considering carrier based eICIC

We summarize the scenarios for carrier based eICIC as follows:
Table 1. Carrier based eICIC Scenarios

	#
	Description
	Example

	1
	First (initial) carrier selection or activation of LPN such as HeNB or pico which has a smaller carrier bandwidth than macro. Interference between macro and LPN should be considered on some but not all macro RBs. Carrier reselection may be considered in certain status, e.g. no UE connected to the cell.
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	2
	First (initial) carrier selection or activation of LPN such as pico or HeNB which has a carrier bandwidth equal to that of macro. Interference between macro and LPN should be considered on all macro RBs. Carrier reselection may be considered in certain status, e.g. no UE connected to the cell.
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	3
	Additional carrier selection or activation of LPN such as pico or HeNB. The carrier bandwidths of LPN and macro are equal. Different from cases 1&2, some kind of measurements on the activated carrier of LPN as well as signalling may be used for selecting of an additional carrier. Carrier reselection may be considered in certain status, e.g. no UE connected to the cell.
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	4
	Additional carrier selection or activation of macro. The carrier bandwidths of LPN and macro are equal. This case differs from case 3 in that macro’s carrier activation may affect a large number of neighbours including LPNs.
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	5
	Pcell/scell selection or reselection for UE. Different from the above four cases, the action in this case is on a per-UE basis instead of on a per-eNB basis.
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Proposal 4: RAN3 is kindly asked to consider the carrier based eICIC scenarios in Table 1. 
5. Conclusion & Proposal
Observation 1: Unconfined or uncoordinated carrier (re)selection may cause large interference to neighbor cells. 
Observation 2: Frequent carrier (re)selection leads to dynamic radio environments, which makes it difficult to perform decentralized resource coordination wisely. 

Observation 3: Traffic variations observed by operators in the time domain and space domain may be use cases that carrier selection or reselection brings significant benefits. Additionally, carrier selection may be necessary during the installation or power up procedure of low power nodes.
Proposal 1: Carrier (re)selection should be confined and coordinated to mitigate large interference risks.
Proposal 2: To mitigate the negative impact to existing RRM mechanisms as well as to have a robust autonomous carrier (re)selection mechanism, the time scale of carrier (re)selection should be much larger than the existing RRM and SON mechanisms. For example, a time scale of seconds or even slower can be considered.

Proposal 3: Both use cases with equal or unequal system bandwidths for macro and low power nodes should be considered in carrier based eICIC.

Proposal 4: RAN3 is kindly asked to consider the carrier based eICIC scenarios in Table 1. 
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