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1. Introduction

In [1] we presented system level results and analysis for the potential gain of proactive uplink (UL) inter-cells interference coordination (ICIC) according to the method outlined in [3]. Results were presented for full load cases with various cell-edge metrics for selecting the users to be scheduled in the so-called high interference part of the bandwidth (i.e. the part of the band width signaled over X2 as outlined in [3]). Compared to a reference case without any proactive UL ICIC – fully relying on radio channel aware frequency domain scheduling and fractional path loss compensation power control – we concluded that there is no significant gain from UL ICIC under full load conditions. Our conclusion on the UL ICIC gain for full load cases seems to be in coherence with the findings previously reported in [4].
In order to further elaborate on the potential benefits of proactive UL ICIC we presented a new set of results in this contribution for fractional load conditions. In this context, we define a fractional load of X% as the case where only X% of the available PRBs for PUSCH transmissions are in use per cell. The full load results in [1] corresponded to X=100%. In this contribution we present results indicating that the X2 signaling of high interference indication (HII) can be used to form coordinated hard frequency re-use patterns in the network for fractional load cases. The latter is achieved by aiming at scheduling all the active users in the HII frequency region, i.e. without relying on UE measurements to identify the so-called cell-edge users.
The rest of the contribution is organized as follows; In Section 2 we shortly present the simulation assumptions and related results. Concluding remarks are given in Section 3.

2. Simulation assumptions and results
The general simulation methodology and assumptions are the same as described in [1], where we consider the standard macro cell case #1 scenario with 500 meters site-to-site distance. A full buffer traffic model is used, assuming that users are scheduled on 2-PRBs. Depending on the number of users per cell, a certain fractional load is obtained. Uplink power control is according to the standardized open loop formula with fractional path loss compensation, assuming alpha=0.6. For the reference configuration without any UL ICIC, a standard radio channel aware frequency domain proportional fair scheduler is used (i.e. based on UL sounding information). 
For the simulations with proactive UL ICIC, we consider a simple case where each cell is having 1/3 of the available bandwidth for HII. The HII bandwidth region is coordinated between the cells according the pattern pictured in Figure 1. The basic packet scheduling rule is also proportional fair for the cases with UL ICIC, but with the following enhancements:
· H2NH: Scheme where UE measurements of highest-2-next-highest path gain measurement are used to determine if users shall pre-dominantly be scheduled in the HII bandwidth region (i.e. try to scheduling the so-called edge users in the certain part of the bandwidth).
· SPSD: Scheme where the sum of UE measurements of path gains to other cells, i.e. excluding serving cell, multiplied with the current Power Spectral Density for this UE, is used for identifying cell-edge users.
· CEF3: A simple UL ICIC scheme where the scheduler aims at scheduling all the users in the HII bandwidth region whenever this is possible (depends on the fractional load of the network). Note, no UE measurements are used to identify the so-called cell-edge users.

· CEF4: A simple UL ICIC scheme where the scheduler aims at scheduling all the users in the complementary HII bandwidth region whenever this is possible (depends on the fractional load of the network). Note, no UE measurements use to identify the so-called cell-edge users.
Hence, H2NH and SPSD corresponds to the traditional proactive UL ICIC schemes where UE measurements are used to identify the so-called cell-edge users for scheduling in the HII bandwidth region, while CEF3 and CEF4 are schemes tailored for fractional load scenarios to benefit from coordinated (partially or strictly) hard frequency re-use schemes.
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Figure 1. Assumed HII bandwidth region in the different cells, i.e. corresponding a three color scheme. 
Figure 4 shows the normalized effective spectral efficiency for the 95% coverage (i.e. 5% outage). These results are obtained from the user throughput cumulative distribution function at the 95% coverage, multiplied by the number of users in the cell, and divided by the effectively used bandwidth in the cell. Given these results, we observe an increasing gain from UL ICIC as the fractional load is decreased. As an example, no significant gain is observed at high load, while a 22% gain is found at 25% fractional load (25% of the available PRBs are used). It is furthermore observed that the best UL ICIC performance benefit is obtained by simply aiming at scheduling all the users in the HII bandwidth region without relying on any UE measurements for cell-edge identification.
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Figure 2: Cell Throughput.
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Figure 3: Cell Throughput for 5% outage, i.e. corresponding to 95% coverage.
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Figure 4: Normalized effective spectral efficiency for 5% outage, i.e. corresponding to 95% coverage.

It is worth noticing that the UL ICIC gain may be improved by dynamically adapting the HII bandwidth region in the cells according the fractional load conditions – we assumed a fixed HII indication as shown in Figure 1 for all the considered fractional load cases.
4. Conclusions

In this contribution, we have presented additional results for proactive UL ICIC under fractional load conditions, where users in each cell only are scheduled on a sub-set of the available PRBs. Especially for low fractional loads, we observe that there are benefits from trying to schedule users in complementary parts of the bandwidth to reduce the overall interference by starting to use partially or strictly hard frequency reuse patterns. The latter can be supported in a dynamic manner via X2 signaling of HII as proposed in the way forward document in [3]. As an example, for 25% fractional load we observe approximately 20% gain of UL ICIC with 1/3 of the bandwidth for HII in each cell. The presented results in this contribution seems to be in line with the general observations in [2], where it is concluded that UL ICIC mainly provide a gain at low to medium load.
In the following we are providing our recommendations on the identified “FFS” for the HII from the Seville meeting. Our recommendations are given in blue text.
· HII Reporting:
Our recommendation is to only specify one level as this seems sufficient from the currently reported performance results for proactive UL ICIC. Support for multiple levels would need to be justified by performance results showing the benefit of this.

· Different HII to neighbouring cells:
It is our impression that most companies have assumed that the same X2 message is send to multiple eNode-B in their performance studies. Sending the same message appears to be the simplest solution. However, we recognize that different UEs in a cell result in different interference levels in the surrounding cells, so the latter could motivate having support for different HII messages to neighbouring cells. Support for sending different HII messages to neighbouring cells would need to be justified by performance results showing the benefit of this.
· Need for communication between sending and receiving eNB

As there most likely are different methods for benefiting from the proposed X2 proactive UL ICIC signaling (depends on the eNB packet scheduler strategy), we recommended that the generation of such X2 messages, and the actions by the eNode-B’s receiving such messages, are left un-specified. The latter is in line with the recommendations in [2] where it is proposed not to specify complex negotiation rules for generation and response on such X2 messages. 
Finally, given the argumentation in [5] that the use of the OI is vendor specific and that there are many options for using the proactive UL ICIC X2 signaling, we propose to define those to be independent, i.e. X2 signaling of the OI and the UL ICIC signaling of HII shall be standardized separately (independent).
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