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1. Introduction

As reported in [1]-[3], uncoordinated deployment of eNBs in local area environments will benefit from having support for dynamic frequency re-use mechanisms. In [1]-[2] such schemes were called “autonomous component carrier selection”, while it was named “dynamic management of frequency band resources” in [3]. However, both basically refer to the same type of scheme, where each eNB dynamically selects to use only a subset of the available component carriers (i.e. using from one component carrier up to the maximum number of available component carriers). Another related scheme was presented in [8] where coordinated usage of different component carriers and/or power adaptation was proposed between macro and pico/Femto cell layer for efficient interference management in Heterogeneous networks.

In this contribution we focus on the so-called initial selection of primary component carrier, as well as how to monitor the quality of the primary component carrier. For cases where the quality of the primary component carrier suddenly is found to be too poor, we propose methods for efficient recovery actions for improving the quality of the primary component carrier. 

The contribution is organized as follows: In Section 2 we briefly summarize the fundamentals of autonomous component carrier selection. In Section 3 we propose a scheme for initial selection of primary component carrier. Section 4 addresses monitoring and recovery actions for the primary component carrier. Finally, summary and concluding remarks are given in Section 5.
(This contribution is a re-submission of R1-090735)

2. Autonomous component carrier selection scheme
In this section we shortly summarize the basic idea of autonomous component carrier selection for LTE-Advanced with multiple component carriers (see also [1]-[2]). For the case with 100 MHz system bandwidth, 5 component carriers of 20 MHz are generally assumed as illustrated in Figure 1.
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Figure 1 Basic illustration of component carriers to form LTE-Advanced system bandwidth.

However, other configurations could also be configured (exact configurations are FFS). A Rel’8 terminal is assumed to be served by a single component carrier, while LTE-Advanced terminals can be served simultaneously on multiple component carriers.

It is proposed that each cell automatically selects one of the component carriers as its primary carrier (also sometimes called the base carrier) when the eNB is powered on. The primary carrier is assumed to be used for initial connection of terminals in the cell. Hence, the primary component carrier shall have full control/common channel cell coverage. A somehow similar concept was proposed in [7], where a definition of anchor and non-anchor component carriers was presented. In the latter, anchor component carrier was defined to have full cell coverage, have all control/common channels, be used for camping and initial access, etc. Hence, the proposed concept of anchor component carrier has several similarities with our proposal for primary component carrier definition.
Depending on the offered traffic in cell and the mutual interference coupling with the surrounding cells, transmission and/or reception on all component carriers may not always be the best solution, especially for cell-edge users. It is therefore proposed that each cell dynamically selects additional component carriers for transmission/reception as well (i.e. second step after having selected the primary component carrier). The latter is referred to as selection of secondary component carriers (see more details in [4]). All component carriers not selected for primary or secondary are assumed to be completely muted (uplink/downlink) and not used by the cell. 

The proposed scheme uses a distributed and fully scalable approach. That is, selection of primary and secondary carriers is done locally by each cell. Hence, in the proposed configuration there is no need for centralized network control.
For the scheme to work properly, certain constraints for selection of secondary component carriers will have to be standardized to avoid so-called greedy eNBs, which blindly use all or most of the available component carriers without taking the interference created towards other cells into account. A simple scheme for the latter was discussed in [4], where secondary component carrier selection based on background interference matrix (BIM) information was proposed.
3. Initial primary component carrier selection
Figure 2 illustrates an example environment with four existing eNBs (eNB #1 to #4), where a new eNB (eNB #5) is being switched on. For this particular scenario, we assume a configuration with 5 component carriers. In Figure 2, we use prefix P and S to denote which primary and secondary component carriers the existing eNBs currently have selected. The first task of the new eNB is to select one component carrier as its primary. We assume that the information available for the initial selection of primary component carrier is limited to local eNB measurements and information from the surrounding cells. As an example, it is assumed the eNB knows which component carriers are selected by the immediately surrounding eNBs for primary and secondary. The latter was referred to as the Radio Resource Allocation Table (RRAT) in [4]. The RRAT could be signaled over the X2 interface or via inband inter eNB over-the-air communication as discussed in [5]. 

[image: image2.emf]S

S

S

S

S

S

S

P

P

P

P

eNB #1

eNB #2

eNB #3

eNB #4

New eNB #5

is switched 

on


Figure 2 Sketch of a scenario with 4 existing eNBs having with selection of primary (P) and secondary (S) component carriers. eNB #5 is switched on, and does therefore not have any active component carriers.

As also proposed in [1]-[2], we propose new inter eNB measurements for the purpose of estimating the path loss between eNBs. We basically propose to consider inter eNB RSRP measurements for this purpose, where an eNB measures the reference symbol received power from its neighbouring eNBs (i.e. similar as the UE RSRP measurement. It is proposed that the new eNB measures the RSRP on the primary component carrier of the surrounding cells, and that knowledge of their corresponding reference symbol transmit power is known (signalled between eNBs), so that the inter eNB path loss can be estimated.
Given the aforementioned information, a matrix for initial primary component carrier selection is formed as illustrated in Figure 3, where the eNBs are sorted according to the experienced path loss from the new eNB. As illustrated on the figure, only the neighbouring eNBs within a certain path loss threshold are taken into account. Neighbouring eNBs with higher path loss are not taken into account as there is marginal interference coupling with those. Based on this matrix, we propose the following procedure for initial primary component carrier selection:

1. If there are row entries in the matrix with no selections, then the corresponding component carrier is selected. (if there are multiple of such rows, either select randomly, or select the component experiencing the lowest uplink received interference power). Otherwise go to 2.

2. If there are row entries without “P”, select one of those for primary. Select the row entry with lowest number of “S” if there are multiple rows without “P”.
3. If all row entries include “P”, select the component carrier for primary with maximum path loss to the neighbouring eNB having the same component carrier as its primary.

4. In cases there are multiple candidate component carriers for primary according to the above rules, select the component carrier with lowest experienced uplink interference. Hence, based on eNB measurements of the uplink received interference power (RIP)
.  

The above rules essentially assume priority of primary over secondary component carriers, as each eNB should always have one primary component carrier with full cell coverage. The inter eNB path loss measurements are used to ensure that only eNBs with the largest possible path loss separation select the same component carrier for primary.
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Figure 3 Matrix for initial primary component carrier selection.

From a standardization point of view, the method for initial selection of primary component carrier does not necessarily have to be strictly standardized according the example discussed here. However, it needs to be standardized that all eNBs shall always select one primary component carrier, and we also propose to consider standardization of inter eNB RSRP measurements (as motivated above). Notice that these inter eNB RSRP measurements are only needed by new eNB when they are switched on, and therefore have no transmission. 
4. Monitoring and recovery actions
After the new eNB has selected its primary component carrier it can start transmitting on that carrier, and can start to carry traffic. As the traffic demands for the cell increases, more component carriers may be selected for secondary as discussed in more details in [4]. In parallel the eNB shall constantly monitor the quality of the primary component carrier to make sure that it continues to have the desired quality and coverage. The quality of the primary component carrier could simply be monitored as follows:
· For the downlink, monitor the reported CQI and/or RSRQ from the UEs in cell on the primary component carrier.

· For the uplink, monitor the experienced uplink received SINR for the scheduled users on the primary component carrier.

· If it is observed that a certain percentage of the measurements samples are below the minimum target level (configured via O&M), then quality is of the primary is too low.

· As a further refinement of the scheme, only measurement samples from UEs with a serving cell RSRP above a certain threshold should be taken into account, to avoid samples from terminals that are too far from their serving eNB.

If the quality is detected to be too low on the primary component carrier, then there are basically two possible recovery actions for improving the situation:

1) Reduce the interference on the primary component carrier, or
2) Select a new component carrier for primary with better quality.
Here we recommend that option 1) is first pursued, and only if this is not sufficient, then it shall be evaluated if option 2) can improve the quality of the primary component carrier. The main reason for not taking option 2) as the first choice for recovery action is mainly that this option requires additional higher layer signaling to all the UEs in the cell as it nearly corresponds to reconfiguration of the cell. Hence, if the currently selected component carrier for primary is released, and new one is selected to primary, then all the UEs in the cell associated with the primary component carrier have to be informed via higher layer signaling (or the cell will have to do a soft-reset, which is not attractive). However, for the rare cases where option 2) is only choice for improving the quality of primary component carrier, the scheme described for initial selection of primary in Section 3 can be used.
For option 1), we simply suggest that the eNB sends an Interference Reduction Request (IRR) message to the neighboring eNBs. In order to further outline the principle of the IRR, let us consider the following simple example. Figure 4 shows an example with 5 eNBs, where “P” and “S” indicate which component carriers they have selected for primary and secondary, respective. In this particular example, we assume that eNB #1 is experiencing quality problems on the primary, and therefore have sent an IRR message. As eNB #2 and #4 have selected the same component carrier for secondary, they have to react on the IRR and reduce the interference. Actions for reducing the interference depend on whether the quality problem is in the uplink or downlink. The IIR message shall therefore include information on whether the primary component carrier quality problem is experienced in the uplink or in the downlink. For cases where the IRR is for the downlink, eNBs #2 and #4 shall simply reduce their transmit power of the secondary component carrier on component carrier #2. The latter is a simple method for reducing the interference in the downlink. It is FFS if the IRR shall include a “step-size” for how much the eNB #2 and #4 shall decrease their downlink transmit power, or whether the “step-size” should be a fixed value in the specifications or configurable via O&M. In addition, the eNB receiving an IRR also needs to check the impact on its own cell performance before reducing the power.

If the IRR message is expressing an uplink quality problem, then eNB #2 and #4 shall reduce the interference (i.e. total transmit power) of the UEs being scheduled in these cells on component carrier #2. As also discussed during the Rel’8 inter-cell interference coordination (ICIC) discussions, there are many candidate options for reducing the uplink interference [6]. Among others, possible actions could include adjustment of UE transmit powers (e.g. by sending closed loop power-down commands), by scheduling high interference users less often, or potentially on different component carriers, etc. It is therefore cumbersome to strictly identify the best solution for uplink interference reduction. We therefore simply propose that it become vendor specific which actions eNB #2 and #4 take to reduce the uplink interference created on UEs being scheduled on component carrier #2. This is similar to Rel’8, where it is also made vendor specific which exact actions an eNB receiving an Overload Indicator (OI) is taking to reduce the interference.
As shown in the example in Figure 4, eNB #1 have selected the same component carrier as eNB #5 for its primary. However, since primary component carrier shall have full cell coverage, and priority over secondary component carriers, eNB #1 should be able to request power-down of the primary component carrier of eNB #5. Hence, potential primary quality problems caused by two (or more) eNBs having selected the same component carrier for primary will have to be resolved via option 2), where at least one of them select another component carrier for primary.
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Figure 4 Simple example showing which component carriers the eNBs have selected for primary (P) and secondary (S). In this example, eNB #1 is assumed to experience too low quality on its primary component carrier.
In the above example, we have assumed that the IRR is a broadcast message sent to all the immediately surrounding eNBs. The IRR message could be send using inband over-the-air transmission as outlined in [5], or on X2 if this media is available (and neighboring cells are easily addressable). An alternative to an IRR broadcast, would be to include more specific information in the message on which eNBs should reduce their interference. Again, let us refer to the example in Figure 4 and assume eNB #2 is relative close to eNB #1 (i.e. the eNB having primary quality problems), while eNBs #4 and #5 a much further away from eNB #1. For such a case, it would make sense to expand the content of the IRR message so it specifically only request eNB #2 to reduce the interference on component carrier #2. However, the latter requires that eNB #1 is able to identify which eNBs are causing the quality problems on its primary component carrier. Here the inter eNB path loss measurements as also discussed in Section 3 could useful, and also the background interference matrix (BIM) information as collected from UE measurements (see more details in [4]). It therefore remains to be further studied what the potential pros and cons are of only standardizing plain broadcast IRR messages as compared to an extended IRR message including the specific address (e.g. expressed via cell ID) of the eNBs that shall take action.
5. Concluding remarks
In this contribution we have outlined the basic proposal for distributed autonomous component carrier selection, and have provided additional detail for the definition of primary component carriers, as well as initial selection, monitoring, and recovery actions for protecting this carrier. The proposed primary carrier concept in this contribution has some similarities with the anchor component carrier definition in [7].
Our proposal can be summarized as follows:
· Each cell shall select one, and only one, primary component carrier.
· A mechanism for protection of the primary component carrier is proposed, where an eNB shall be able to sent Interference Reduction Request (IRR) messages to its neighbors if the quality of its primary is detected to be too low. Separate IRR for uplink and downlink are proposed.
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