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1. Introduction
In this contribution we provide details of the Solution 5 described in section 4.4 (Interference coordination in dense macro-pico deployments) of TR 03.024 V0.3.0 [6] and also the proposed changes to X2 interface protocols.
With this contribution we bring the pricing algorithms presented in [1]…[4] at the level that the needed measurements can be executed and reported by a legacy UE using the CQI and RSSI measurements already defined in 3GPP standards. In addition, we describe the situations when the RSRP/RSRQ measurements can be used.
Another important aspect resolved by the pricing algorithm applied to the additional or basic carrier selection is a clear criteria for determining which additional carrier should be selected and which is the criteria for switching on or off an additional carrier.
The contribution is organized as follows: In Section 2 we present the general solution, in Section 3 we present the summary of the measurement of the performance degradation due to a specific eNB, in Section 4 we present the criteria for the additional carrier selection, in Section 5 we give details on the new messages to be used, in Section 6 we provide simulation results. Concluding remarks are presented in Section 7.
2. General solution
The steps of the proposed solution are as follows:
1. The multicarrier pico eNB is assigned initially by the OAM with the initial operational carrier and a set of possible operational carriers to be eventually used. 

2. If the load on the used carriers requires the addition of a new carrier, the problem to be resolved is to select this carrier such that will create acceptable interference to neighbour eNBs. The effect of the added interference on performance is assessed by different methods for CQI or RSRP/RSRQ, as detailed in the next section.

3. The potential victim eNB receiving the reports of the served UEs, function of the own available capacity and the actual offered traffic, will decide to transmit or not the measurement result (cost) to the multicarrier pico eNB. For transmitting the cost to other eNBs it is needed a new X2AP message, also defined for Solution 4. High cost means high interference impact.

4. The multicarrier pico eNB will estimate, for each potential operational carrier, the performance degradation (cost) based on the degradation of performance caused to the potential victim eNBs.

5. The multicarrier pico eNB will select for operation the carrier with the best the trade-off between maximizing performance and minimizing the cumulated interference to other pico eNBs and to the MeNB. 

6. The above selected carrier will be activated for regular operation. 

7. Based on cost measurement results, the multicarrier pico eNB may also decide to change the frequency of its basic operation.

8. The pico eNB repeats steps 2...6 to add new carriers if needed.
3. Performance degradation assessment
The performance degradation may be reported as CQI degradation or as RSRP increase /RSRQ decrease.
3.1 CQI Degradation
The CQI is measured and reported by the UEs affected by the interference created by the new activated carrier. The serving eNBs compute the CQI degradation, as the difference between the previous CQI, when the new carriers were not activated, and the new CQI, for each one of the used carriers. 
The eNB wishing to add a new carrier transmits data on a time/frequency resource to be announced by X2 messages. There is no need to actually serve UEs on these carriers, but is only needed to activate the carriers and transmit information (for example to un-valid UE identifiers).
The average CQI degradation in each frequency channel, named interference cost, is transmitted by each victim eNB over the X2 interface to the eNB starting the measurement.
3.2 RSRP/RSRQ
RSRP indicates the power over the cell-specific reference signals. An UE served by a regular eNB (at least two Tx) can estimate independent RSRP values in the operational frequency channel for up to three eNBs. RSRQ can provide an indication of the interference existence in a channel. If RSRQ indicates an interference free channel, there is no need to assess the performance degradation caused by other eNBs.
In cases where an eNB estimates that each RSRP value corresponds to un-colliding eNBs, the RSRP measurement for the new cell RSs can be directly used to assess the interference created by a specific eNB. In case that the CRS collides, UE will sense additional power on the CRS resources of the serving cell.
Based on the above measurements, the potential victim eNB can assess the performance degradation.
4. Criteria for the additional carrier selection
The eNB trying to activate a new carrier will have to decide:
Step 1: Which one of the possible additional carriers causes minimum interference to the surrounding network? For doing this, the eNB will sum the costs (CQI degradation) received for each carrier and will select the carrier with the best trade-off between maximizing performance and minimizing the cumulated interference effect to other pico eNBs and to the MeNB. Other criteria are possible, such as selecting the additional carrier with the minimum cost or forbade those carriers with a cost greater than zero or considering thresholds based on the average performance degradation.
   Step 2: The eNB will temporary activate the carrier selected in Step 1 for the real operation. One or more UEs served by it will measure and report the CQI. If the average CQI on the new activated carrier is higher than the cumulated CQI degradation experienced by the eNBs in the area, the eNB will decide to use this carrier as additional carrier, otherwise the carrier will be switched off.
5. New messages and their usage
The new messages to be defined on the X2 interface include command and information messages.
These messages have the same IEs as the messages defined for Solution 4‎[5], however they are described here again due to the different utilization.
The start of the CQI measurement is initiated by the eNB evaluating the use of an additional carrier (aggressor eNB) by sending a COST MEASUREMENT INFORMATION message to the supposed victim eNBs. The IEs of this message are defined in the contribution R3-121148‎[5]. 
The result of measurements reported by UE is processed or not by the victim eNB, which sends to the initiating eNB an informative message containing the measured cost, representing the CQI degradation caused by the interfering eNB. The IEs of the INTERFERENCE COST message are defined in the contribution R3-121148‎[5].
6. Simulation results
We have used a CA (Carrier Aggregation) MeNB, operating over four 5MHz channels. The cost is estimated per individual channel, based on CQI measurement. In addition, we have applied the pricing policy for selecting an operating channel or a bandwidth part. The deployment topography is shown in Figure 4, where the pico eNBs are placed indoors. 
Most of the simulation parameters are based on TR 36.814 ‎[4] section A.2.1.1.2. Specific parameters are: 
· Pico eNB channel bandwidth: 5MHz;
· Number of PUEs per pico eNB: 1;
· Number of MUEs served by MeNB and placed in the pico eNB area: 1; probability of being indoor: 0.2
· For the MUEs located in the vicinity of the dual strip is used one 5MHz carrier out of four carriers;
· The dual-strip deployment was considered over a number of floors varying between 1 and 6;
· One pico eNB considers itself interfered if the average SNR received from an interfering pico eNB is greater than the SNR of the serving pico eNB minus 15 dB;
· The simulation considers that each pico eNB and the MeNB will start with one carrier and will try to activate a second carrier. The pico eNB also may change the first (basic) carrier, for optimising it. 
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[bookmark: _Ref307726075]Figure 4: Deployment topology
6.1 Performance
Figure 5 Left shows the MeNBs throughput in Mb/s (5 MHz), with and without pricing, versus the average number of active pico eNBs in the area, including the case of no active pico eNB. Note that it can be achieved a MeNB capacity gain of aprox. 30% when pricing is exchanged (see Figure 5 left) and also an important increase of pico eNB capacity (see Figure 5 right). 
[bookmark: _Ref315346789][bookmark: _Ref315346771]  [image: ] [image: ]
[bookmark: _Ref319259246]Figure 5: Left: MeNB throughput            Right: Pico eNB throughput


A dramatic change in performance can be seen if we look at the MUE and PUEs which are most affected by interference. In Figure 6 we show the performance improvement for the 10% of users most affected by interference. 

In Figure 6 left it can be seen that for a several pico eNBs the worst 10% MUEs performance is improved, while for a number of pico eNBs between 5 to 10, the MUE users which suffered from DENIAL of SERVICE due to the harmful interference, after applying our algorithm are able to operate with reasonable performance.
[bookmark: _Ref314902817]In Figure 6 right it can be observed that if there are 10- 15 pico eNBs located in the considered area, the pico eNB user throughput 30% higher with the pricing algorithm! [image: ]  [image: ] 
Figure 6: Throughput performance improvement of worst 10% users: Left: MUE, Right: PUEs
[image: ] [image: ]
Figure 6: Throughput performance improvement of worst 20% users: Left: MUE, Right: PUEs
6.2 Stability
From Figure 7 it is possible to observe the behaviour of the system when the second carrier is activated (the operational carrier can be also changed based on the received reports). 
Once the system is stable, further operational channel selection will be needed only if there are significant changes in topology or radio channel behaviour.
 [image: ][image: ]
[bookmark: _Ref307851860]Figure 7: Algorithm stability  Left: MeNB   Right: pico eNB 
7 Conclusions
In this contribution we have presented the details of the additional carrier selection, based on the assessment of CQI degradation caused by each potentially activated carrier.
We have defined clear and measurable criteria for the additional carrier selection and activation.
We have defined two messages, which are identical with the messages defined for Solution 4, but here are used differently:
· COST MEASUREMENT INFORMATION, sent by the aggressor eNB to the victim eNB and also to other eNBs for providing the measurement procedure details;
· INTERFERENCE COST message, to be sent by a victim eNB to the aggressor eNB, with the scope to be used in the new operational frequency selection.
We have applied the measurement procedures to eNBs and UEs situated a dual-strip, multi floor deployment area and have simulated the proposed measurement procedures; the results indicate with no doubt the significant improvement of the performance when the pricing algorithm is used. 
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