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1 Introduction
At the RAN #53, the WID was re-approved [1] and therefore the prioritization of interference scenarios agreed at RAN3 #73 [2] remains valid. According to the latter, regarding the operational carrier selection, the macro-pico interference scenario needs some more discussion before it is considered relevant for the WI. Discussions hitherto focused on the following possible problems related to this scenario:

· Benefits of the operational carrier selection as compared to static planning
· Control over the carrier switching mechanism

· Impact of carrier switching on the stability of the network

The aim of this paper is to clarify those concerns and thus to enable further work on operational carrier selection for pico cells.

2 Discussion

2.1 Static vs. dynamic operational carrier selection
Classically, carrier selection and allocation to cells is done statically, as a part of the network planning process. This process defines the level of frequency reuse in the planned network. The frequency reuse can simply be implemented on a carrier resolution, such that not all eNBs use exactly the same carriers. The advantage of implementing frequency reuse on a carrier resolution is that it helps protect both control and data channels. Given this starting point, the next question that arises is what is the optimal frequency reuse configuration and what are the dominant factors influencing on the optimal carrier usage per eNB? In the following we further address this question with some example use cases.

For the macro-only scenarios with planned sectorized site installations, it is typically concluded that the system perform well for plain frequency reuse one, i.e. by letting the macro eNBs use the same carriers. However, for HetNet scenarios where eNBs are assigned either to macro (coverage) or pico (capacity) layers, it is often found that the overall systems performance can be further improved if the frequency reuse is limited between the layers. For the sake of simplicity, let us consider an example with a macro cell, a pico cell and two available carriers. If the two eNBs are placed so that they interfere with each other, the best overall performance is achieved by letting each of the eNBs use one of the two carriers only, such that they don’t cause interference to each other. The latter is, however, only true if the offered traffic in both of the cells does not exceed capacities of those carriers. If one of the eNBs is having a much higher amount of offered traffic than the other eNB, then the best configuration would be to allow the eNB with high traffic to use two carriers, while the eNB with low traffic continues to use only one carrier. Additionally, the spatial distribution of the traffic sources within each of the cells is important: if the users of the two eNBs are placed so that there is only little mutual interference, then the best configuration would be to allow both nodes to use both carriers (interference coupling may chage also when a HeNB cell is set on). Thus, this rather simple example shows that the optimal frequency reuse (carrier usage per eNB) depends on two main factors:
· The offered traffic in each of the cells

· The interference coupling between eNBs

Both of the above are considered to be time-variant. It is therefore considered attractive to develop solutions for enabling the eNBs to autonomously decide on the best carrier usage, i.e. performing operational carrier selection. The operational on/off carrier selection is considered to be attractive for enabling frequency reuse between eNBs that would otherwise interfere too much with each other. 
An alternative to operational carrier selection would be to only switch on/off data transmission, and still allow transmission of common reference signals (CRS), and other common control channels. However, transmission of such signals would still create interference, and is therefore rather poor solution.

2.2 Security of carrier selection for network performance
It is of paramount importance that the overall system stability and robustness is not jeopardized by usage of autonomous carrier selection. The main risk is that sudden switch on of a carrier can negatively impact performance for the surrounding cells. It is therefore considered necessary to design the mechanisms that will enable an eNB to verify the impact of planned change in the carrier usage on its neighbours. 
In order to further elaborate on a possible realization of carrier based ICIC with operational carrier selection, let us consider the example pictured in Fig. 1. The illustration shows a case with two eNBs, where one of the eNBs is about to check if it can start using an additional carrier. However, before that eNB switch on more carriers, it first needs to check that the impact on the neighoring eNB is acceptable. Several of sources of information are available for making such decisions. As an example, the eNB may request the neighbour eNB to report which carrier(s) it is currently using via X2 signalling. Based on such information, the eNB would know if there are free carriers that are currently not used by neighbouring eNBs, i.e. carriers that can be taken into use without causing interference to its neighbours. Additionally, the eNB can also use local measurements to estimate the interference coupling, and thereby the impact on surround eNBs. Examples of such measurements include eNB uplink measurements, measurements of signals from other if the eNBs is having network listen mode (NLM) supported, as well as collection of UE measurement reports. UE measurement reports such as standard RSRP measurements for mobility purposes can be used to estimate the interference coupling between eNBs. Thus, giving these various source of information and enhanced signalling over X2, it is believed that operational carrier selection can be safely supported without jeopardizing the system stability. However, as mentioned earlier, the exact solution shall be further discussed and developed as part of the WI to have clarified the required standardization.
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Fig 1: Sketch of possible realization of carrier based ICIC with operational carrier selection.
Additionally, the operational carrier selection is assumed to operate on a rather slow time-scale, such that carriers are at the most switched on/off every minute, and in most cases even much slower. Using adaptations on time-scales of minutes is believed to be sufficiently fast to handle larger shifts in the average spatial traffic distribution, and also the mutual interference coupling between eNBs is assumed to be stable on time-scales of minutes.

Finally, in cases where network situation is particularly fragile OAM will be used to limit or even stop the automatic operational carrier selection. Obviously, the operator should have full control over the selection freedom. In particular, it should be possible for operators to configure from OAM which carriers can be subject to carrier selection per eNB, and which carriers should be statically on. The latter could e.g. be used to statically configure certain carriers to always be on for macro eNBs.

It could also be considered that operational carrier selection, from the inter-cell interference perspective, does not differ much from cell switching defined for energy saving purposes.
2.3 Proposed way forward
The presented principles for the operational carrier selection show that:
· Carrier selection can overcome limitations of static selection and thus brings significant performance improvements.

· Operator will have full control over carrier selection from OAM: both on the mechanism and on the nodes that are allowed to use it.

· It is possible to design carrier selection mechanisms that are safe for the network

In the prioritization table the scenarios for CA (optimization of PCell/SCell selection) were agreed to have the highest rank. One must consider though, that benefits from such optimized CA will be achievable in carrier deployments that can be aggregated. Furthermore, even if CA is enabled, the benefits of the optimization will be visible for CA-enabled UEs mainly. Therefore, limiting the scope of the work to the optimized CA configuration will bring little benefits to the network.

It is therefore premature to exclude operational carrier selection from further study. Also such exclusion will significantly limit benefits of the CB ICIC solution.
3 Text proposal for the TR
Following text is proposed to be added to the TR R3.024:

	*** First change, omitted text not changed ***


4.A
Operational carrier selection in macro-pico environment

4.A.1
Description

The use case assumes a network built of interfering eNBs (HetNet environment). According to the capabilities of the eNBs, operator’s preference and policy, the eNBs are divided into “macro” eNBs (main purpose: coverage provisioning) and “pico” eNBs (main purpose: capacity enhancement). It is assumed the operator has several (more than one) carrier available. 

The objective of the use case is to define solutions that will enable the pico eNBs to select which carriers, out of the available pool, are the most appropriate to use. The criterion for the selection is the optimized inter-cell interference (UL and DL), while traffic in the cell is served according to operator’s policies. The selection of the carrier shall be subject to following requirements:

· A cell at given instant of time, has at least one carrier enabled.

· The operator defines, for each cell, which carriers can be subject of the operational carrier selection. All other are either permanently on or not used, according to the configuration.

-
The mechanism to be used for operational carrier selection shall minimize impact on the neighbor eNBs. 

4.A.2
Solution
4.A.3
Discussion
	*** Remaining text not changed ***


4 Summary 
In this paper we have addressed operational carrier selection for pico cells in macro-pico HetNet scenario. It has been shown that dynamic carrier selection, even if done carefully at long intervals, enables greater flexibility for network adaptation to varying conditions. It has also been shown the switching mechanism may take into account situation in neighbor cells, thus avoiding unnecessary or disturbing reconfigurations. Finally, requirements for configuration has been proposed to enable full control over the mechanism for the operator.
Taking the above into account, it is proposed to include the use case in the continuation work in the WI. It is also proposed to add the text in chapter 4.1 to the TR R3.024.
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