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1 Introduction

In RAN3 #76 meeting, an LS [1] from RAN3 was sent to RAN1 regarding operational carrier selection solutions for interference mitigation. This contribution provides some analysis with respect to the questions from the LS.
2 Discussion
In the latest version of RAN3 TR 03.024[3], there are existing mechanisms and five solutions of Operational Carrier Selection for Pico listed in section 4.4, titled as “Interference coordination in dense macro-pico deployments”. Note that the dense cell deployments are not discussed and defined in RAN1 in Rel-11. 

As shown below as the Figure 4.4.2-1 in the TR, the existing mechanisms already provide a flexible way for Pico to perform carrier selection. After using the available information, the Pico is able to choose a carrier with less interference from and to the neighbors.
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Figure 4.4.2-1 Carrier Selection for Pico

The most relevant existing mechanisms are [3]:
	-
Exchange of carrier information of neighbouring eNBs via X2 setup procedure, including EARFCN, Transmission Bandwidth, etc. 

-
Exchange of interference information of neighbouring eNBs via X2 ICIC procedures, including OI, HII, RNTP, ABS information 

-
Exchange of Load Status of neighbouring eNBs via X2 resource status report procedure, including Hardware Load, S1 TNL Load, Radio Resource Status, ABS Status, etc. 

-
OAM configuration of the operational carriers to Pico, with carriers allocated per cell. Pico performs Cell activation/deactivation according to the load, interference information, etc. 
-
OAM activation/deactivation of the operational carriers to Pico, with carriers allocated per cell. OAM performs Cell activation/deactivation according to measurements collected per UE, per eNB, etc. 

-
Configuration and reporting of UE measurements triggered by events based on neighbour cell signals or based on comparative neighbour to serving cell signals. Such measurements could support the carrier activation/deactivation decision process. 

-
When carrier activation/deactivation is performed for Energy Savings purposes, activation/deactivation of a carrier is informed to the neighbour eNBs by the means of eNB Configuration Update X2 procedure. A neighbor may request carrier activation by the means of Cell Activation X2 procedure. 


Five solutions for operational carrier selection are described in the TR. Solution 1 and Solution 2 utilize the existing X2AP & OAM mechanisms/signaling to achieve Pico carrier selection without introducing any new signaling. Solution 2 only needs to update current specification to enable the usage of the ICIC procedure between eNBs controlling cells of different carriers. Currently, LOAD INDICATION may be used only between eNBs operating on the same carrier. 
As mentioned in the RAN3 LS:

RAN3 considered an option that an eNB which is about to activate a carrier bases such decision on the feedback received via X2 from cells potentially affected by the activation. The feedback can be based, e.g., on measurements collected from served UEs by the potential victim eNBs as described in the section 4.4.2 in the attached TR.
It is understood that the option mentioned should be enhancements of Solutions 3, 4, 5 in the TR, and RAN3 asked RAN1 to provide feedback on three questions.
1) Can the solution (i.e., Solution 3, 4, and 5) provide any benefits in terms of interference mitigation over existing features? 

2) Can an eNB correctly estimate the interference impact on neighbor eNBs due to activation/deactivation of a new carrier?

3) How beneficial would be to use the victim eNB’s estimate of the interference impact of a carrier to be activated for operation?
For the first question, according to the existing mechanisms, the Pico is able to select a carrier with less interference to and from others based on the available information. Hence, there may not be sufficient justifications to introduce additional interference management methods such as Solutions 3, 4, 5 because any benefit that may result from further reduced interference is expected to be marginal, if any.
For example, in Solution 3, further negotiation mechanisms for cell switching-off and switching-on were proposed. As analyzed in [2]:

· In case the eNBs are not greedy, when an eNB knows its cell-1 introduces huge interference to other eNBs, they can switch off this cell-1 by using current mechanisms. The extra coordination for switching-off a carrier is not needed. 
· The reason to introduce extra coordination for switching-on a carrier is called as “causing sudden interference ‘jumps‘when a cell/carrier is switched on”. However, when the existing mechanism like Solution 2 is applied, the eNB has owe the information of which carriers are used by the neighbors, whether there is high UL interference, whether the interference to the neighbors is sensitive, and etc.  With these information, the eNB could forecast the results of activating a carrier. If the action would cause problems to the neighbors the eNB would give up the action.
Then for the second question, since the eNB knows which carriers are used by the neighbors, the interference and load status of the neighbors, then the eNB can know whether it will impact neighbors. At the same time, the eNB may store some previous interference impact information (e.g. the eNB is aware of whether a cell is on and how much interference this cell causes and so on). With these pieces of information, the eNB can further estimate the interference impact on neighbor eNBs. The accuracy and effectiveness of such estimation requires system simulation efforts and will take quite some meeting time for RAN1 to provide a solid answer.
To answer the third question, extra benefits by introducing new methods are expected to be limited since the existing mechanisms (including Solutions 1 and 2) work well. More accurate assessment of the additional benefits needs a lot of system simulations and will take quite some meeting time for RAN 1 to provide a solid answer. 
3 Conclusion
This contribution is to provide some analysis with respect to the questions from the LS [1] from RAN3. The answers should be:
1) Can the solution (i.e., Solution 3, 4, and 5) provide any benefits in terms of interference mitigation over existing features? 

Answer:  Existing mechanisms already provide some interference management support. There may not be sufficient justifications to introduce additional interference management methods such as Solutions 3, 4, and 5 because any benefit that may result from these solutions is expected to be marginal, if any.
2) Can an eNB correctly estimate the interference impact on neighbor eNBs due to activation/deactivation of a new carrier?

Answer: The eNB can estimate to certain degree whether it will impact neighbors by utilizing information such as which carriers are used by the neighbors, the interference and load status of the neighbors, etc. The accuracy and effectiveness of such estimation requires system simulation efforts and will take quite some meeting time for RAN1 to provide a solid answer.
3) How beneficial would be to use the victim eNB’s estimate of the interference impact of a carrier to be activated for operation?
Answer: Extra benefits by introducing new methods are expected to be limited for the scenarios discussed in RAN1. More accurate assessment of the additional benefits needs a lot of system simulations and will take quite some meeting time for RAN 1 to provide a solid answer.
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