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1 Introduction
Regarding to the Operational Carrier Selection (OCS) solution in context of Carrier-Based ICIC (CB-ICIC), RAN3 sent LS [1] to RAN1, with which a detailed technical report is provided summarizing the use cases and candidate solutions for OCS [2]. In this LS, RAN3 consult to RAN1 for the following questions [1]:
1) Can the solution above provide any benefits in terms of interference mitigation over existing features? 

2) Can an eNB estimate correctly the interference impact on neighbour 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?

Besides the existing mechanisms, the newly proposed solutions for OCS concluded by RAN3 are described in [2] which are briefly recited as below:

Solution 1: Carrier switching based on existing mechanisms

Solution 2: Enhancement of LOAD INDICATION

Solution 3: Coordinated carrier switching based on interference information
Solution 4: Optimization of the operational carrier of pico eNB
Solution 5: Optimization of multi-frequency pico eNB
In this contribution, we will analyze these solutions for OCS and provide answers for the questions raised by RAN3. 
2 Discussion

As discussed in [2], the concerning scenario is that the pico cells share one or more carriers with macro cells, where the existing interference mitigation methods (i.e. ICIC/eICIC) may only be applied to data channels or selected control channels and as a result, broadcast channel and most other signalling channels may still be interfered. Therefore, the intention of OCS is for protecting both data and control channel from strong interference in this carrier-shared scenario. 
Based on the abovementioned assumption, we will answer the questions in the LS in the sequel.
Question #1: Can the solution above provide any benefits in terms of interference mitigation over existing features? 
Generally speaking, when deploying a cell, its operational carrier is pre-configured during network planning phase and is foreseen that the cell would not need to change the operational carrier in a short time (for example, in a few minutes or in hours). Note that observing from either a carrier dimension or a cell scope, the inter-cell interference (ICI) is in proportion to the system traffic loading. When activating a cell, if a relatively "spare" carrier where the ICI is less severe, is chosen as operational carrier, the OCS may provide the benefits. On the other hand, the OCS can deactivate a cell if the traffic loading is quite low and therefore the ICI on neighbouring cell is reduced. In these cases, comparing to the traditional persistent configuration of operational carrier, OCS can provide the flexibility for reducing ICI when traffic loading on certain carrier is time-varying. 

In other word, performance of OCS may be very sensitive to the system traffic loading. For example, with high traffic loading, more cells would be activated on each carrier and consequently all the candidate carriers become "congested" so that the ICIs on all candidate carriers become significant. In this case, OCS is unlikely to find a "spare" carrier anymore and therefore the benefits of OCS are limited. 
On the contrary, the existing time-domain ICIC (TD-ICIC) can mitigate the ICI for both high and low traffic loading. With the high traffic loading, for example, full buffer traffic model, TD-ICIC can improve the cell-edge throughput performance with a gain of 58% [3]. However, for the OCS without TD-ICIC, it may provide very limit gain since all candidate carriers need to be activated to satisfy the traffic requirements, consequently, all candidate carriers will be strongly interfered by the neighbor eNBs with high traffic loading.

Regarding the case of low or medium traffic loading, TD-ICIC can still improve the system performance. For the OCS, it may improve the system performance as well, since a victim cell has the opportunity to select operational carrier on which the aggressor cell has very limited light traffic loading and thus it would be only lightly interfered by the aggressor cell. 
Observation 1: The benefits provide by OCS depend on the different scenarios.

Currently, it is not clear whether the OCS can provide more benefits over TD-ICIC in terms of interference mitigation. Therefore, it is important to clarify the gain of OCS over TD-ICIC and demonstrate the feasibility of the OCS. In our opinion, the first step is that the working assumption, such as the carriers deployment, traffic model, eNBs/UEs distribution, etc., for comparing these two methods should be determined by RAN1. Based on the above discussion, we propose that:

Proposal 1: RAN1 is kindly asked to define the evaluation working assumptions for comparing the performance of OCS with that of TD-ICIC.
Question #2: Can an eNB estimate correctly the interference impact on neighbour eNBs due to activation/deactivation of a new carrier?

OCS shall foresee the to-be generated interference to the neighbor eNBs before activating a carrier. An eNB would prefer to employ a carrier that it would cause minimum interference to neighbor eNBs. Therefore, the forecast of to-be generated interference is very important for OCS to coordinate interference management. 
Generally speaking, there are mainly two alternatives for estimating the to-be generated interference: 
Alt. 1: Theoretical modelling-based estimation. Some existing theory models can be used for interference estimation. However, considering the significant complexity of modelling and the estimation error due to the difference between the ideal assumptions and the reality, the theoretical modelling-based methods in this case is more suitable to be applied as a reference.
Alt. 2: Measurement-based estimation. In this case, UE measures the to-be generated interference and reports the results to eNB. In the technical report [2], it shows some solutions for the eNB to estimate the interference impact on the neighbor eNBs with the aid of UE RRM measurements. More specifically, an eNB acquires interference information by configuring its UEs to measure the RSRP/RSRQ of neighbouring cell, and send the interference information to the neighbouring eNB over X2 interface. So the neighbour eNB can estimate correctly the interference impact. Obviously, this method is easy to be implemented and has been supported in current specifications.
However, considering the Rel-12 work item on new carrier type (NCT), no CRS or only the new one-port RS is transmitted on the new carriers. As a result, current RRM measurements are not available for estimating the interference by RSRP/RSRQ measurement on the NCT. It implies that the feasibility of Alt. 2 depends on the output of discussion of NCT. Hence, we have the following observation:
Observation 2: For the legacy carriers, the eNB can estimate the interference correctly by using the RRM measurements. But for the case of new carrier type, the feasibility of such solution depends on the output of discussion of NCT.

Based on the above analysis, we propose that:
Proposal 2: For the new carrier type, whether the eNB can estimate the interference correctly needs to be further studied.
Question #3: How beneficial would be to use the victim eNB’s estimate of the interference impact of a carrier to be activated for operation?
Given that a victim eNB can estimate the interference impact of a candidate carrier for activation correctly, it is helpful when the victim can select a carrier with less severe ICI. However, as discussed for Question #1, such gain depends on circumstances. In another word, the decision on Question #3 depends on the researching results of the Question #1.
3 Conclusion
In this contribution, we discussed the three questions in the received LS and provide our proposals:

Proposal 1: RAN1 is kindly asked to define the evaluation working assumptions for comparing the performance of OCS with that of TD-ICIC.



Proposal 2: For the new carrier type, whether the eNB can estimate the interference correctly needs to be further studied.
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