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1. Introduction

During RAN3#75bis a discussion took place on the possibility to include new scenarios in TR 03.024, which are relevant in the area of solutions development for UL interference mitigation. These scenarios were presented in R3-12807 and regard the presence of UEs from different releases or, in general, of UEs with different capabilities with respect to cell detection for Cell Range Extension (CRE). 
The discussions carried out during the meeting concluded with the following recommendation minuted in the end of meeting report:
“should capture in the problem description that we need to also consider the mix UE releases scenario

TP for the TR in R3-120807”.

In this paper the mixed UE scenario is presented again and the proposal is to add such scenario description in the current RAN 3 TR 02.024.
2.  Considerations on Interference Scenario
In the latest version of the RAN3 internal TR 03.024, the UL interference scenario considered in the CB ICIC WI is described as follows:

“A macro UE (MUE) interferes in the UL with the pico cell, while not being able to detect the pico. Both, macro and pico share at least one carrier.”
During discussions about the scenario definition it was argued that the case where an MUE can detect the interfered Pico eNB shall not be considered due to the possibility for Macro eNB to infer the interfering MUE from the UL Interference Overload Indication IE sent by Pico eNB via X2: LOAD INFORMATION message.
However, such analysis did not consider that the information contained in the UL Interference Overload Indication IE have only value in frequency, but not in time. Namely, the bitmap contained in the UL Interference Overload Indication IE consists of an average of the interference monitored per PRB for an unspecified number of subframes (implementation dependent).
Therefore, unless constrained scheduling is adopted by the Macro eNB for those UEs that might interfere the Pico eNB, it might be challenging for a Macro eNB to deduce which MUE reporting the Pico cell is interfering with the Pico eNB. This is because the information contained in the UL Interference Overload Indication IE sent from the Pico eNB is an average over an unknown time window of the overall UL interference per PRB.
Observation 1: The UL Interference Overload Indication IE contains UL interference information averaged over a time duration unknown to the receiver. Even if an interfering MUE can detect and report the interfered Pico cell, it would be challenging for the Macro eNB to identify the interfering MUE

Another observation concerning the scenario under study regards the mix of UE releases that will populate an HetNet deployment. In fact, from Release 8 to Release 11, UE’s requirements on neighbour cell detection have changed, leading to the following differences:

· Release 8/9 UEs are required to detect a neighbour if: Neighbour SINR >= -6 dB with respect to serving cell SINR (see TS36.133)
· Release 10 UEs are required to detect a neighbour if: Neighbour SINR >= -7.5 dB with respect to serving cell SINR (see TS36.133)
· According to the latest RAN1 decisions [2] (not yet turned into specification requirements):
Similar Release 11 UE requirements will be defined based on the assumption that the Neighbour SINR >= -9 dB with respect to serving cell SINR

Such mixed UE capabilities renders the HetNet UL interference scenario quite difficult to handle, as shown in Figure 1.
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Figure 1: Example of mixed UE releases accessing different Pico CRE areas
In figure 1 it can be appreciated that when mixed UE releases are present in a HetNet deployment, it may happen that Macro UEs are closer to a Pico eNB than UEs served by the Pico eNB itself (an MUE can be closer to the Pico eNB than a PUE by a factor of 3dB). This can be simply stated as the MUE “cutting into” the Pico cell coverage.
The above makes the UL interference problem difficult to solve if the source of interference is not identified and eliminated. 
With respect to Figure 1, it has to be noted that the MUEs shown will most likely have a much bigger pathloss towards the Macro eNB than towards the Pico eNB. Hence their transmitted signal will be received at very high power by the Pico eNB. The situation is even more aggravated when the MUE is located at the Pico cell edge furthest from Macro eNB.
The problem of mixed UE releases was not taken in consideration in the discussions carried out by RAN1 and quoted in the reply LS to RAN3 (see [1] and [2]) and neither in the RAN1 studies conducted for Rel-10 eICIC. Indeed, at the time of such discussions the work on extended cell detection capabilities for Release 11 UEs did not yet start.
Observation 2: Due to different neighbour cell detection capabilities for UEs of different releases the UL Interference problem in HetNet might be severe due to MUEs “cutting into” Pico cell coverage.
On the basis of the two observations above the following is proposed:

Proposal 1: it is proposed to include in Section 4.3.1 of TR 03.024 descriptions for the following scenarios:

· Macro eNB not able to detect MUE interfering with Pico eNB due to low UL Interference Overload Indication granularity

· MUE causing UL Interference to Pico eNB in HetNet scenarios with mixed UE releases
A text proposal for the scenarios description is offered in the Annex below.

3. Conclusion

In this paper an analysis of the UL interference scenario studied as part of the Carrier Based ICIC work has been carried out. The analysis revealed that the scenario considered so far in RAN3 does not cover all the issues that could be encountered with respect to UL interference in HetNet. Such analysis led to the following observations and proposal:
Observation 1: The UL Interference Overload Indication IE contains UL interference information averaged over a time duration unknown to the receiver. Even if an interfering MUE can detect and report the interfered Pico cell, it would be challenging for the Macro eNB to identify the interfering MUE

Observation 2: Due to different neighbour cell detection capabilities for UEs of different releases the UL Interference problem in HetNet might be severe due to MUEs “cutting into” Pico cell coverage.

Proposal 1: it is proposed to include in Section 4.3.1 of TR 03.024 descriptions for the following scenarios:

· Macro eNB not able to detect MUE interfering with Pico eNB due to low UL Interference Overload Indication granularity

· MUE causing UL Interference to Pico eNB in HetNet scenarios with mixed UE releases
As part of Proposal 1 a text proposal has been drafted in the Annex section below.
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Annex: Text Proposal for TR 03.024
-----------------------First Change----------------------
4.3.1
Description

This scenario concerns per-UE carrier selection for PCell and SCell.

A macro UE (MUE) interferes in the UL with the pico cell, while not being able to detect the pico. Both, macro and pico share at least one carrier. An example of this scenario is depicted in figure 4.3.1-1.
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Figure 4.3.1-1: UL interference scenario in macro-pico environment, Macro Cell overlapping Pico Cell coverage.
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Figure 4.3.1-2: UL interference scenario in macro-pico environment, Macro Cells bordering Pico Cell.
Figures 4.3.1-1 and 4.3.1-2 show two typical cases of Pico cell deployments where the Pico cell is either located within the coverage of a macro cell or it is bordering a macro cell. It has to be noted that in the scenario presented in figure 4.3.1-2 the pico cell coverage (i.e. DL coverage) does not necessarily need to overlap with the coverage of the neighbour Macro cell. 

In such deployments a MUE has been assigned one or more carriers (either as PCell or as SCell or both) of which at least one is on the carrier frequencies used by the Pico cell.

For reasons of simplicity, the pico eNB in the figures above is shown as serving only one cell, but it could instead serve multiple cells on the same carriers used by macro cells.

In such scenario, the asymmetry between the UL coverage of MUE and the DL coverage of pico eNB implies that a MUE, not able to detect the Pico cell, will cause UL interference to the Pico cell. It can be basically modeled by a geometric area, i.e. UL interference area, where MUEs cause UL interference to pico. 

In case the MUE in the examples above is able to detect and report the Pico eNB, it may still result challenging for the Macro eNB to detect the interfering MUE. This is due to the fact that information contained in the UL Interference Overload Indication IE consists of an average of the UL interference monitored per PRB for an unspecified number of subframes (implementation dependent).
It might therefore prove difficult for a Macro eNB to deduce which MUE reporting the Pico cell is interfering with the Pico eNB by means of information such as the UL Interference Overload Indication IE. 
Another scenario to be considered for this case of UL interference in HetNet concerns the mix of UE releases that will populate an HetNet deployment. In fact, from Release 8 to Release 11, UE’s requirements on neighbour cell detection have changed, leading to the following differences:

· Release 8/9 UEs are required to detect a neighbour if: Neighbour SINR >= -6 dB with respect to serving cell SINR (see TS36.133)
· Release 10 UEs are required to detect a neighbour if: Neighbour SINR >= -7.5 dB with respect to serving cell SINR (see TS36.133)
· According to the latest RAN1 decisions (see R3-120008):
Similar Release 11 UE requirements will be defined based on the assumption that the Neighbour SINR >= -9 dB with respect to serving cell SINR

Such mixed UE capabilities renders the HetNet UL interference scenario quite difficult to handle, as shown in Figure 1.


[image: image3]
Figure 4.3.1-x: Example of mixed UE releases accessing different Pico CRE areas

In Figure 4.3.1-x it can be appreciated that when mixed UE releases are present in a HetNet deployment, it may happen that Macro UEs are closer to a Pico eNB than UEs served by the Pico eNB itself. This can be simply stated as the MUE “cutting into” the Pico cell coverage.
The above makes the UL interference problem difficult to solve if the source of interference is not identified and eliminated. 

-----------------------End of Changes----------------------
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