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1
Introduction
In Release 8, the UL Interference Overload Indication (OI) IE was added to the LOAD INFORMATION message to indicate the interference level per PRB experienced by a cell in UL subframes.  In case of TDD, the OI is associated with the subframes that are designated as UL by the SIB1 UL-DL configuration.

However, with the introduction of TDD eIMTA in Release 12, it is possible for certain UL subframes to experience increased OI due to DL-to-UL interference.  Therefore, RAN1 has agreed that “OI over X2 is subframe-set dependent (up to 2 sets)” [1], i.e. there are two subframe sets as follows:

Subframe-Set 1:
The UL subframes associated with a new Additional UL Interference Overload Indication IE (“Additional OI”); and
Subframe-Set 2:
The UL subframes associated with the legacy UL Interference Overload Indication IE (“OI”)
One open issue is “how to define the two subframe sets and the OI signalling” [2].  In this contribution, we analyze various solutions for defining the two subframe sets, and propose a way forward.

2
Discussion
Figure 1 shows the current RAN3 working assumption, where a source eNB sends the LOAD INFORMATION message to a target eNB containing OI and Additional OI.  The source eNB should have knowledge that the target eNB is performing UL-DL reconfigurations, e.g. by having earlier received from the target eNB one or more LOAD INFORMATION messages containing intended UL-DL configurations.
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Figure 1: OI reporting using LOAD INFORMATION message
At RAN3#82, four different solutions were proposed for defining the UL subframes associated with the Additional OI (Subframe-Set 1) [2]:
Solution A:
“UL subframes which experience higher interference levels” [3].
Description:

Subframe-Set 1 includes the UL subframes of the source cell that are selected according to source eNB implementation.  The UL subframes in Subframe-Set 1 are explicitly signaled to the target eNB using a subframe bitmap.
Pros (+) / Cons (–):

· Allows for eNB implementation flexibility.  For example, Subframe-Set 1 could include only the UL subframes that were reconfigured as DL according to the latest intended UL-DL configuration from the target cell, or it could include UL subframes that have increased OI according to source eNB measurements, or other implementation-dependent logic.
· The exact UL subframes that experience higher interference levels are explicitly indicated by the subframe bitmap, so it is simple for target eNB implementation and also 100% reliable (e.g. no dependency on intended UL-DL configurations, which are not guaranteed to be used).
· Requires the subframe bitmap to be added to the LOAD INFORMATION message.  Compared to Solution C/D, this may cause increased signalling over X2 since Subframe-Set 1 potentially changes whenever the intended UL-DL configuration changes at the source cell, target cell, or another neighbour cell (depending on source eNB implementation).
Solution B:
“UL subframes with at least DL-to-UL interference” [4].
Description:


Subframe-Set 1 includes the UL subframes of the source cell that experience DL-to-UL interference.  The source eNB determines this “based on the received intended UL-DL configuration of neighbour cells and the intended UL-DL configuration of its own cells” [4].  Similar to Solution A, the UL subframes in Subframe-Set 1 are explicitly signaled to the target eNB using a subframe bitmap.
Pros (+) / Cons (–):

· The exact UL subframes that experience higher interference levels are explicitly indicated by the subframe bitmap, so it is simple for target eNB implementation and also 100% reliable. (= Solution A)
· Requires the subframe bitmap to be added to the LOAD INFORMATION message.  Compared to Solution C/D, this may cause increased signalling over X2 since Subframe-Set 1 potentially changes whenever the intended UL-DL configuration changes at either the source or target cell. (= Solution A)
· Compared to Solution A, there is increased implementation complexity for the source eNB, since it is expected to distinguish the type of UL interference being experienced in a subframe (e.g. DL-to-UL versus UL-to-UL interference).  Note that RAN1 has a working assumption that there is “no interference type and/or interference source for subframe-set OI for eIMTA [1].
Solution C:
“Flexible subframes based on SIB1 UL-DL configuration and DL HARQ Reference configuration” [5].

Description:


Subframe-Set 1 includes the Flexible Subframes of the target cell, i.e. the UL subframes of the target cell which can potentially be reconfigured as DL.  Subframe-Set 1 is derived by the source cell based on the SIB1 UL-DL configuration and DL HARQ Reference configuration received from the target eNB in the Served Cell Information IE exchanged during the X2 Setup procedure or eNB Configuration Update procedure.
Pros (+) / Cons (–):

· Compared to Solutions A/B it does not cause increased signaling over X2, since Subframe-Set 1 is semi-static (i.e. it depends only on the target cell’s SIB1 UL-DL configuration and DL HARQ Reference configuration).
· Requires the DL HARQ Reference configuration to be added to the Served Cell Information IE, so that the source cell is able to accurately derive Subframe-Set 1.
· Compared to Solution A/B, Subframe-Set 1 indicates the subframes which can potentially experience higher interference levels, rather than the ones that actually are; in some scenarios, this ambiguity could cause the target cell to make the wrong conclusion.
Solution D:
“UL subframes intended to be reconfigured as DL by sender (excluding DL HARQ subframes and subframe #2)” [6].

Description:


Subframe-Set 1 includes the UL subframes of the target cell that are actually reconfigured as DL according to the intended UL-DL configuration.  Subframe-Set 1 is derived by the source cell based on the SIB1 UL-DL configuration received from the target eNB in the Served Cell Information IE exchanged during the X2 Setup procedure or eNB Configuration Update procedure, and the intended UL-DL configuration received from the target eNB.
Pros (+) / Cons (–):

· Compared to Solutions A/B it does not cause increased signaling over X2.
· Has the least specification impact of all solutions, i.e. no DL HARQ Reference configuration in the Served Cell Information IE and no subframe bitmap. 
· Compared to Solution C, Subframe-Set 1 is more accurate since it excludes UL subframes which could not possibly experience DL-to-UL interference from the target cell.
· Compared to Solution A/B, it is less reliable due to the dependency on intended UL-DL configurations, which are not guaranteed to be used.
Evaluation of Solutions:

Solution B can be considered as simply an implementation option of Solution A which requires the source eNB to distinguish the type of UL interference.  However, as indicated earlier, this is in conflict with the RAN1 working assumption that there is “no interference type and/or interference source for subframe-set OI for eIMTA [1].  Therefore, Solution B should not be considered further.

Observation-1:
Solution B should not be considered further, since it conflicts with RAN1 working assumptions. 

Solution C has similar benefits as Solution D, except that it is less accurate and requires the target cell to know the DL HARQ Reference configuration.

Observation-2:
Solution C should not be considered further, unless further justification is provided regarding its benefits versus Solution D. 

Then, when evaluating the two remaining solutions (A and D), one must first consider evaluation criteria.  Ideally, the selected solution would enable the target cell to determine whether it is causing DL-UL interference to the source cell.  However, neither solution can perfectly achieve this.  They each suffer from one or more potential inaccuracies / ambiguities:
a) There is no interference type associated with Additional OI [1]; therefore, there is no guarantee that Additional OI is due to DL-UL interference (e.g. it could be due to UL-UL interference).
b) There is no interference source associated with Additional OI [1]; therefore, there is no guarantee that the target cell is the cause (e.g. a different cell could be the cause).
Based on the above, the following comparison can be made between Solution A and D:

-
Both solutions suffer from inherent inaccuracies, since there is no interference type or interference source associated with Additional OI; therefore, accuracy is not a significant differentiator between the solutions.
-
Solution A has greater flexibility and robustness due to the explicit signalling of Subframe-Set 1 via a subframe bitmap; the cost is additional signalling overhead on X2, but it can be argued that this additional overhead is not significant.

-
Solution D has less specification impact; the cost is reduced reliability, but it can be argued that this is not a significant issue due to other inherent inaccuracies common to both solutions.
Between the two solutions, we have a slight preference for Solution A since it allows for greater eNB implementation flexibility.
3
Conclusion
In this contribution, four different solution options for defining Subframe-Set 1were discussed.  Based on the analysis, the following is proposed:

Proposal-1:
Add a new Additional UL Interference Overload Indication IE to the LOAD INFORMATION message. 

Proposal-2:
Add a new Associated Subframe Set IE to the LOAD INFORMATION message, to explicitly indicate the UL subframes that are associated with the Additional UL Interference Overload Indication IE.  How the Associated Subframe Set is determined is left to eNB implementation.  The value of the IE can potentially be any (non-empty) subset of subframes 3, 4, 7, 8 and 9.

Proposal-3:
If the Additional UL Interference Overload Indication IE is included in the LOAD INFORMATION message, then the legacy UL Interference Overload Indication IE is implicitly associated with UL subframes other than those indicated by the Associated Subframe Set IE.
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