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1. Introduction
The LS in R1-123088 requires RAN1 to evaluate the proposed approach for CB-ICIC.

This contribution provides RAN1 with the evaluation of the performance of some of the proposed solutions based on the description in [2], section 4.4.2, solutions 4 and 5. In addition were used the details in [4] and [5] regarding the existing UE reporting to be used.
In section 2, we describe briefly the principles of the solutions 4 and 5. In section 3, are provided more details on the simulation approach for each of the two solutions. Section 4 provides some simulation results that measure the gains relative to the case when a selfish policy is applied to select the operational carrier. Finally, section 5 provides the conclusions and the answers of the questions in LS in R1-123088.
2. Principles of operation
Both solutions have in common the identification of the interference cost due to the operation of a given eNB. The identification is based on the measurements and the reports of the UEs operating in the potential victim cells.
Solution 4 comprises the following steps:
1. The single carrier 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. In case of unsuitable performance, the victim eNB will initiate a number of measurements performed within the operational channels by some of its connected UEs. The needed measurements can be executed and reported by a legacy UE using the existing CQI or RSRP/RSRQ measurements and reports, already defined in 3GPP standards..
3. Each victim eNB transmits the results of the performance degradation (cost) measurement to the other eNBs in the area. For transmitting the cost to other eNBs it is needed a new X2AP message.
4. Based on received messages from victim eNBs, each eNB operating on a given carrier can evaluate the impact of its operation. 

5. The eNB selects the operational frequency such to better solve the trade-off between maximizing performance and minimizing the interference to other pico eNBs and to the MeNB for both control and data channel. 
Solution 5 is similar to Solution 4, with the difference that the operational carrier is selected based on a short carrier activation to allow the needed co-channel measurements. Again, each potential victim eNB will send over the X2 interface its interference cost evaluation.  
3. Estimation of the interference impact
We have used slightly different approach for Solution 4 and Solution 5, detailed in continuation.
3.1 Solution 4

Our proposed approach is based on the coordinated change of the aggressor eNB transmission power, while the other eNBs transmit using their operational power. The CQI degradation due to a specific eNB is evaluated as the difference between the CQI obtained in the case that no data is transmitted within the reference frequency resource by the aggressor eNB and the CQI obtained when high power data is transmitted within the same frequency resource. 
The CQI reference frequency resource could be a subband or other frequency-based partition. 

The evaluation of CQI degradation caused by a specific eNB is done only in the current operational band. 
3.2 Solution 5

For applying solution 5, 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.

4. Simulation results for interference cost approach
We have used a CA (Carrier Aggregation) MeNB, operating over four 5MHz channels. The cost is estimated per individual channel. In addition, we have considered the reported interference costs for selecting an operating channel or a bandwidth part along with the expected performance in the bandwidth part. The deployment topography is shown in Figure 1, where the pico eNBs are placed indoors. 

Most of the simulation parameters are based on TR 36.814 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 a single 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.[image: image12.png]
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Figure 1: Deployment topology

6.1 Performance of solution 4
Figure 2 Left shows the MeNBs throughput in Mb/s (5 MHz), with and without interference cost measurement, 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 interference cost is exchanged (see Figure 2 left) and also an important increase of pico eNB capacity (see Figure 2 right). 
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Figure 2: 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 3 we show the performance improvement for the 10% of users most affected by interference. 

Figure 3 left it can be seen that the MUE users which suffered from DENIAL of SERVICE due to the interference from pico eNBs (even for a small number of them), after applying our algorithm are able to operate with reasonable performance.

In Figure 3 right it can be observed that if there are 10- 15 pico eNBs located in the considered area, the pico eNB user throughput is aprox. triple with the UPC interference cost algorithm!
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Figure 3: Throughput performance improvement of worst 10% users: Left: MUE, Right: PUEs

4.2 Performance of Solution 5
For Solution 5 we have considered 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. 
Figure 4 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 up to 30% when interference cost is exchanged (see Figure 4 left) and also an important increase of pico eNB capacity (see Figure 4 right). [image: image6.emf]0 5 10 15 20 25 30
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Figure 4: 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 5 is shown the performance improvement for the 10% of users most affected by interference. 

In Figure 5 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 the interference cost algorithm are able to operate with reasonable performance.

In Figure 5right 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 interference cost algorithm! [image: image8.emf]0 5 10 15 20 25 30
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Figure 5: Throughput performance improvement of worst 10% users: Left: MUE, Right: PUEs
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Figure 6: Throughput performance improvement of worst 20% users: Left: MUE, Right: PUEs
5  Conclusions relative to RAN3 LS
The RAN3 LS in [1] has requested to answer the following questions:

Q1. Can the solution above provide any benefits in terms of interference mitigation over existing features?
Answer: Based on the simulation results when applying CB-ICIC and the interference cost approach, significant benefits were demonstrated:

· Significantly higher average throughputs for both the macro-eNB and the pico-eNB on its coverage area;
· Significant improvements for the 10% worst users of macro-eNB and also good improvements for the UEs connected to pico-eNBs. 
Q2.  Can an eNB estimate correctly the interference impact on neighbour eNBs due to activation/deactivation of a new carrier?
Answer: Based on the two measurements method, the reports of the potentially affected UEs allow for the correct estimation of the interference impact. 

Q3.  How beneficial would be to use the victim eNB’s estimate of the interference impact of a carrier to be activated for operation?

Answer: There is a high benefit of using the victim eNB estimate of the interference impact together with the interference cost approach, because in this way can be achieved:
· Significantly higher average throughputs for both the macro-eNB and the pico-eNB on its coverage area;

· Significant improvements for the 10% worst users of macro-eNB and also good improvements for the UEs connected to pico-eNBs. 
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