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1. Introduction
Based on a number of RAN3#73bis contributions authored by some operators and producer companies, as R3-112701‎[1], it was agreed to study the DL HetNET ICIC, with the target of finding the DL operational frequency for a HeNB as part of the frequency-based coordinated interference approach.
This contribution targets the operational carrier selection and the throughput performance for SC (single carrier) HeNBs. The HeNBs operate as a SC system, with different channel bandwidths, as shown in Figure 1.
This figure also indicates the defined partitions within the frequency channel, i.e. bandwidth part. Note that the width of a bandwidth part is approx. 5MHz, when the total channel BW is 20MHz. For a 20MHz channel width, a bandwidth part has the same number of resource blocks as a 5MHz carrier.
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[bookmark: _Ref307401473]Figure 1: Example of carrier arrangements
2. General approach
DAC-UPC has a long history in studying algorithms for improving the performance of femto cell deployment. Such a work is presented in ‎[2], where a slightly different approach was applied. Based on this experience, in this contribution we present a simpler and better LTE-adapted solution.
Our interference coordination approach involves a number of steps:
1. A potential interference victim UE identifies the interference created by each one of the surrounding cells operating in the considered frequency band; 
2. Based on this information, the UE determines which the strongest interferes are;
3. UE determines the influence of scheduling each strong interfering eNB DL transmission in one or more parts of the frequency channel. This influence, measured as MCS degradation, is named “cost”;
4. For each relevant subframe and full channel or bandwidth part, the “cost” information associated to each      interfering eNB is sent by UE over the Uu interface to its serving eNB;
5. The high-level “costs” are shared, over the X2 interface, between the HeNBs and MeNBs (macro eNB) in the area;
6. Each HeNB determines the “price” of its activity on the MCSs of other HeNBs and on the MeNB providing the coverage layer;
7. Each HeNB determines the frequency resource to be used such to better solve the trade-off between maximizing performance and minimizing the interference to other HeNBs and to the MeNB. The MeNB has a “privileged” status, while the HeNBs will have to change their operating frequency channel or the bandwidth part for a specific DL transmission. 
The degradation of UE data rate due to the degradation of its MCS caused by a specific eNBj DL transmission in a specific frequency channel or frequency channel part and subframe is named “costji”.
The full channel (wideband) reports are applied for wideband channels (e.g. 5MHz), while the channel part reporting is applied for broadband channels (i.e. 10MHz, 15MHz or 20MHz). The serving eNB may alter the cost, if for example there are free resources in other subframes and may decide to transmit or not the resulting cost to other eNBs. If the decision is positive, the costs are distributed by the serving eNB over the X2 interface to the other eNBs in the area. 
Based on the costs received from others eNBs, each interfering eNB which is looking for scheduling DL traffic on a given part of the frequency channel will be able to calculate the interference “price” of re-using the specific part of the frequency channel for the affected UEs which are receiving DL traffic in that frequency channel part.
In a similar mode, a UE can appreciate the CQI degradation in different frequency channels.
If the eNB is a HeNB, based on this information will take steps for changing the operational frequency or the bandwidth part or the operational frequency channel such to create minimum interference to the population of other operational UEs.
If the interfering eNB is a MeNB using CA, based on this information the MeNB may take steps to allocate the Pcell/Scell frequencies on the frequency channel and bandwidth part creating the minimum interference to a specific UE. 
2.1. Sensing and sharing the CQI degradation
In fact the UE is not reporting the MCS, but the CQI, which for the SISO case is identical to MCS. We will first look at the CQI detection, based on existing 3GPP specs, and after that at the evaluation of CQI degradation due to the eNB DL interference.
2.1.1.  CQI detection in the serving cell
We start from a point in which the system is operational and the eNB (HeNB or MeNB) transmits to UE on the frequency bandwidth part or the frequency channel chosen by the eNB. The UE has the capability of reporting to the serving eNB the CQI information, as detailed in clause 7.2 of TS 36.213 ‎[3], for the serving cell. In ‎[3] is defined that:
“Based on an unrestricted observation interval in time and frequency, the UE shall derive for each CQI value reported in uplink subframe n the highest CQI index between 1 and 15 in Table 7.2.3-1 which satisfies the following condition, or CQI index 0 if CQI index 1 does not satisfy the condition:
· A single PDSCH transport block with a combination of modulation scheme and transport block size corresponding to the CQI index, and occupying a group of downlink physical resource blocks termed the CSI reference resource, could be received with a transport block error probability not exceeding 0.1. “
In continuation we will use the “bandwidth part” as observation interval in frequency domain, however we refer in general to a frequency-domain channel partition with the width of the smallest used frequency channel.
2.1.2. CQI degradation in the serving cell

Let’s suppose that UE is able to use the reference signals (RS) sent by other cells for assessing the interference caused by the DL transmissions of these cells. Let’s also suppose that there is a suitable mapping of these RSs, such to associate a RS with a specific.
In such a case, the potential interference victim UEi can evaluate the impact of the interference caused by the DL transmission of the cell j on its achievable CQIij and RIij in the bandwidth part k. Given the interference impact on CQI degradation, UE can establish a “cost”, number reflecting the degradation of its data rate due to this interference. For a simple understanding, the cost of the interferer j on the reception by UEi in the bandwidth k is the product between the interference sensitivity Si of UEi and the received interference power Pj in the measurement bandwidth part k:
Costjik = Si*Pj, 
Si=∂MCSi/∂Pj
We assume that the Costjik can be reported over Uu interface to the serving eNB. The serving eNB may decide to transmit the cost information over X2 interface to other eNBs in the area. If the sensitivity to the interferer power is low, for example due to a high SINR at UEi, there will be no need for further communicating this information to other eNBs.
The MeNB may report much higher adjusted costs as compared with HeNBs. In this way, the UEs served by MeNBs will be better protected to the interference from HeNBs.
We have identified a number of issues with the existing standards, which impede on the application of the proposed solution. These issues are listed below:
Issue 1: For determining the interference power from a single transmission, it is necessary to define  changes to the standards for extending the protected measurements to bandwidth parts.
Issue 2: X2 should support the transmission of information covering the resource allocated for the protected measurement..
Issue 3: The Uu interface should support the transmission of the interference cost.
Issue 4: The existing standards do not support the measurement of the degradation caused by the activity of another eNB and the calculation of the “interference sensitivity”.
Each report of cost related to a specific UE, serving eNB and interference source eNB, will be shared between the eNBs in the neighborhood, using the X2 interface. To limit the traffic, the bandwidth part should be chosen such to reflect the frequency resources needed for UE scheduling. The generated traffic should be relatively low, due to the fact that only the “potential victim” UEs and eNBs will generate it.
Issue 5: It is necessary to define the information elements for distributing the “interference cost” over X2 interface.
Issue 6: the existing splitting of the channel width in bandwidth parts (TS36.213 Table 7.2.2-2) is suitable for 20MHz channels only; for 10MHz and 15MHz channel the channel part is not equal with the 5MHz channel width. 
Issue 7: In case that there is no synchronization between HeNB and MeNB and also between HeNBs, the ICIC as defined in Release 8 and the eICIC based on synchronized ABS frames is not useful. FFR was designed for cases in which all the frequency channels have the same bandwidth. It is needed to define an additional eICIC mechanism, possibly using the bandwidth parts as main resource elements.
2.2. Decision making	
An eNBm looking to schedule new DL traffic will look first at bandwidth parts having a low “price”.
The “price” can be defined as a mathematical function which accounts for the degradations on the data rates of the UEs connected to surrounding eNBs due to the transmissions of eNBm in a given channel bandwidth part k. Such a function may be defined as:
Priceik = ∑(cost)jik, where j=1 to eNBmax.
If the “price” is above a threshold, and the eNBm is actually a femto BS (HeNB), the HeNBm will consider changing its operating frequency and selecting the frequency channel having a lower price.
If the eNBm is a macro eNB using carrier aggregation, the MeNB will schedule the new traffic for an UE on that frequency channel and bandwidth part best suitable for its operation. This channel may become the Pcell frequency for the specific UE. 
With this approach, each eNB will be able to select the frequency channel and the bandwidth part suitable for low interfering transmissions. 

3. Simulation results
We provide initial performance results of our subband pricing approach. We have simplified the simulation by limiting the simulations to a single 20MHz frequency channel, covering a 20MHz allocation band, using four bandwidth parts. In this case a bandwidth part is similar with a 5MHz channel. The CQI and the cost are estimated per bandwidth part. In addition, we have applied the pricing policy, based on a deployment as shown in Figure 2. In this deployment there is one HeNB dual-strip zone within the coverage area of the MeNB.
Most of the simulation parameters are based on TR 36.814 ‎[4] section A.2.1.1.2. Specific parameters are: 
· Channel bandwidth: 20MHz with four bandwidth parts corresponding each to 25RBs, same as in 5MHz;
· Number of UEs per HeNB: 1, SISO mode;
· Number of UEs served by MeNB and placed in the HeNB area: 2;
· The dual-strip deployment was considered over a number of floors varying between 1 and 6;
· One HeNB considers itself interfered if the average SNR received from an interfering HeNB is greater than the SNR of the serving HeNB minus 15 dB.
 (
UE
HeNBs
MeNB
)
[bookmark: _Ref307425682]Figure 2: Deployment scenario

Figure 3, Figure 4 and Figure 5 correspond to the simulation results for HeNBs. 

In Figure 3, the operating frequency channel has 5MHz. The average HeNB throughput depends on the number of active HeNBs in the simulated area. In Figure 3 right, the number of active HeNBs in the area is 6. The total HeNB throughput gain is aprox. 2Mb/s.
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[bookmark: _Ref307851854]Figure 3 HeNB throughput Left: vs. HeNB number, Right: 6 active HeNBs, throughput vs. iteration number
Figure 4 Left depicts the percentage of HeNB users supporting the maximum MCS versus the average number of active HeNBs in the area. On the other hand, Figure 4 right depicts the cumulative density function of the MCS supported by a HeNB user in the allocated bandwidth part, considering an average of 6 active HeNB in the simulated area. Given that the pricing-based scheme would greatly benefit from the existence of higher rate MCS, we have evaluated the CDF of MCS usage. In the considered case, the use of pricing allows 90% of the users to support the highest MCS. This value is reduced to 70% when pricing is not used. 
[image: ] [image: ]
[bookmark: _Ref307851859]Figure 4: HeNB users supporting the maximum MCS; Left: percentage; Right: CDF of MCS for 6 active HeNBs
Using the maximum MCS translates (see Figure 5 Right) to a maximum throughput of approximately 21 Mbps (considering the physical overhead) in the selected bandwidth part (5 MHz). If pricing is not used, 30% of the users will achieve a throughput below this value, while only 10% of the users will be below this throughput value if pricing is used.
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[bookmark: _Ref307851857]Figure 5: Left: minimum throughput; Right: CDF of MCS for 6 active HeNBs
In Figure 5 Left, is shown the minimum throughput for the best 80% of HeNB users, while in Figure 5 Right is shown the CDF of the throughput of HeNB users, for an average number of active HeNBs equal to 6. If we consider the 80% best cases (see Figure 5 Left), the minimum throughput guaranteed for a HeNB user in the simulated area is 6 Mbps better with pricing than without pricing, for an average number of 6 active HeNBs. The difference in throughput increases to 10 Mbps for an average number of 18 HeNBs. The difference starts to decrease as the density of HeNBs grows due to the saturation of the system.

Figure 6, Figure 7 and Figure 8 correspond to the results for the MeNB. 

Figure 6 Left shows the MeNBs throughput in Mb/s (10 MHz), with and without pricing, versus the average number of active HeNBs in the area, including the case of no active HeNB. On the right, it is shown the MeNBs throughput in Mb/s (10 MHz) versus the iteration number, with and without pricing, for an average number of active HeNBs equal to 6. Notice that an average gain of 6 Mbps can be achieved when pricing is exchanged (see Figure 6). It has to be taken into account that the simulation conditions for the MeNB users correspond to a worst case, as the two MeNB users are deployed within the HeNB area (with a probability of being indoor of 0.2).
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[bookmark: _Ref307851860]Figure 6: MeNB throughput vs. Left: active HeNB; Right: iteration number
Figure 7 Left shows the percentage of MeNB users supporting the maximum MCS with and without pricing versus the average number of active HeNBs in the area, including the case of no active HeNB, while in Figure 7 Right is shown the CDF of the MCS supported by MeNB users, with and without pricing, for an average number of active HeNBs equal to 6.
 In such a case, the experimental probability for a MeNB user to support the highest MCS is 26% (obtained through 100 independent realizations with 2 MeNB users per scenario). If pricing is not used, this experimental probability is reduced to 17%. This means (see Figure 8 Right) that the maximum throughput per bandwidth part (approximately 21 Mbps, considering the physical overhead) is not achieved 74% of the time with pricing, and this number increases to 83% of the time when pricing is not used.  


[image: ] [image: ]
[bookmark: _Ref307851863]Figure 7: Left: percentage of MeNB users supporting the maximum MCS; Right: CDF of the supported MCS
In Figure 8 Left is shown the minimum throughput for the best 80% of MeNB users (meaning that 20% of the users will have a throughput less than this value) versus the average number of active HeNBs in the area, including the case of no active HeNB. On the right is shown the CDF of the throughput of MeNB users, with and without pricing, for an average number of active HeNBs equal to 6.
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[bookmark: _Ref307851862]Figure 8: Left, Min. throughput for the best 80% of MeNB users; Right, CDF of the throughput of MeNB users
Finally, Figure 9 shows the average number of significant interfering HeNBs, considering that a HeNB is a significant interferer if the average signal strength received from this station is between 0 a 15 dB below the signal strength of the serving station. Notice that this average value is less than 2 for HeNB users (even for a significantly high density of active HeNBs), while is greater for MeNB users deployed within the simulated area. This is due to the lower signal strength received from the MeNB compared with HeNBs. 
[image: ]
[bookmark: _Ref307851865]Figure 9: Average number of dominant interferer HeNBs detected per HeNB user / MeNB user.
For an average number of 6 active HeNBs (see Figure 10 left), the probability for a HeNB user to detect more than 3 interfering HeNBs is less than 4%. In the worst case, a HeNB user will detect up to 6 interfering HeNBs. This user must report 6 cost values per bandwidth part, which means, assuming 6 bits for quantization of each cost value every frame, i.e., every 10ms, a rough value of 2.4 kbps. Notice, however, that detecting 6 interfering HeNBs is a low likely case.
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[bookmark: _Ref307851866]Figure 10: CDF of the number of dominant interferer HeNBs detected per HeNB user (left) and per MeNB user (right). 
In the case of the MeNB users deployed within the simulated area (see Figure 10 right), the number of detected interferers increases a little, with 6 interferers for 90% of the cases, and a worst case value of 14 interferers.

4. Conclusions and recommended actions
Our initial simulations demonstrate significantly higher performance as compared with the reference case, justifying the investments in standard enhancements. We have identified the following missing elements in standards:
Issue 1: For determining the interference power from a single transmission, it is necessary to define changes to the standards for extending the protected measurements to bandwidth parts.
Issue 2: X2 should support the transmission of information covering resource allocated for the protected measurement within the frequency channel.
Issue 3: The Uu interface should support the transmission of the interference cost.
Issue 4: The existing standards do not support the measurement of the degradation caused by the activity of another eNB and the calculation of the “interference sensitivity”.
Issue 5: It is necessary to define the information elements for distributing the “interference cost” over X2 interface.
We recommend that RAN3, the coordinator of this WI, will liaise with RAN1, RAN2, and RAN4 for asking their support in studying the more detailed changes to the standards requested by the solutions proposed in our contribution.
Issue 6: the existing splitting of the channel width in bandwidth parts (TS36.213 Table 7.2.2-2) is suitable for 20MHz channels only; for 10MHz and 15MHz channel the channel part is not equal with the 5MHz channel width. 
Issue 7: In case that there is no synchronization between HeNB and MeNB and also between HeNBs, the ICIC as defined in Release 8 and the eICIC based on ABS subframes are not useful. FFR was designed for cases in which all the frequency channels have the same bandwidth. eICIC requires inter-cell synchronization. It is needed to define an additional eICIC mechanism, possibly using the bandwidth parts as main resource elements.
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