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1. Introduction

In this contribution we present further suggestions for the configuration of OI messages to be sent over the X2 interface between eNode-Bs, as well as discuss possible triggering criteria for sending such messages. Our proposal is in coherence with latest decisions from the previous RAN1 meetings, where it was agreed

1. To base the OI on a physical layer measurements of the average uplink received interference plus thermal noise per PRB, and
2. To have a three level representation of the OI expressing low, medium, and high interference plus thermal noise levels.
2. Configuration of OI messages
As discussed in previous contributions (see e.g. [1]-[4]), experiencing high interference on a single PRB is not considered critical as the uplink multiple access is SC-FDMA, and hence transmitted symbols are typically spread over multiple PRBs (depending on the allocated scheduling bandwidth). It is therefore proposed that the eNode-B monitors groups of X contiguous PRBs (with X = 1 as a special case) across the entire system bandwidth for sending OI messages over X2. This idea is illustrated with an example in Figure 1 for a case where the full system bandwidth equals K PRBs. Equal sized frequency chunks of X PRBs are assumed starting from the lower end of the frequency band. Depending on the value of K and X, the last frequency chunk may contain less than X PRBs, i.e. happens if K/X is not an integer.
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Figure 1 Sketch of how the full system bandwidth is divided in chunks of X contiguous PRBs. Depending on the value of X and the number of PRBs in the full system bandwidth (K), there could less than X PRBs in the last chunk for monitoring OI.
Only if the measured uplink interference+noise level is within a certain range for at least Y of the X PRBs, is the OI for that particular band labeled as low, medium, or high. Hence, parameters X and Y are subject to the constraint Y(X. In order to define the criteria for low, medium, and high, we propose to have two thresholds defined per PRB. Hence, if the measured interference+noise is below the lower threshold then the PRB is marked as “low”, if it is between the two thresholds then its is marked as medium, and if it is above the higher threshold then it is marked as high. It is recommended that the low and high threshold per PRB is configured from O&M, and that different thresholds can be configured independently per PRB. As an example, configuration of different thresholds for PRBs primarily being used for PUSCH and PUCCH could be useful, as these two channels have different SINR requirements. Similarly, we also suggest that parameters X and Y are configured from O&M.
In order to further elaborate on the proposed scheme, let us consider the examples presented in Figure 1 for X=6 PRBs and Y=4 PRBs. For Case #1, at least Y of the X PRBs has low (L) interference+noise, and therefore the entire block of X PRBs labeled as L. For Case #2, at least Y of the X PRBs has High (H) interference+noise, and therefore the entire block of X PRBs labeled as H. For Case #3, at least Y of the X PRBs has medium (M) interference+noise, and therefore the entire block of X PRBs labeled as M. For cases #4 and #5 there are not at least Y PRBs with the same interference+noise level. For the latter cases, the proposed rule is that then the block of X PRBs is labeled as M. Basically because if there not at least Y PRBs with L (criteria for labeling the block as L), or at least Y PRBs with H (criteria for labeling the block as H), then the block can only be labeled as M.
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Figure 2 Examples for X=6 PRBs and Y=4 PRBs illustrating how it is decided whether blocks of X PRBs are labelled as low (L), medium (M), or high (H) dependent on the per PRB level.
Notice that by configuring X so it equals the number of PRBs within the full system bandwidth and setting Y relatively high, it corresponds to a configuration of a pseudo wideband OI. As an example, a relevant use-case for wideband OI has previously been presented in [4]. Similarly, setting X much smaller than the number of PRBs in the system bandwidth corresponds to configuring a frequency selective OI. For both of the extremes, the same physical layer measurement is used. Hence, the proposed solution here also seems to meet the recommendations in [3], where it was proposed to have configurable bandwidth for the OI.
3. Triggering of OI messages
Given the proposed configuration of OI messages in Section 2, the next question is to define the triggering criteria for sending the OI per bandwidth chunks of X contiguous PRBs. Here we start by outlining two possible schemes:

· Level Crossing Triggering: The OI is send for each chunk of X PRBs whenever there is a level change (say from L to M, H to M, etc.), subject to the constraint that there shall be a minimum time of T seconds between sending a new OI message from the same bandwidth chunk of X PRBs.

· Level Based Periodic Reporting: The OI message is transmitted periodically every T seconds for each chunk of X PRBs as long as the level for the chunk is either M or H, i.e. not sent if the level is L.

According to RAN1 agreements, the minimum value of T is 20 ms, but T could also be configured to a large value (e.g. configured from O&M). The first method has the advantage that there only will be new OI messages send over X2 when there are changes of the interference+noise level. The advantage of the second method is that reporting only takes place when the chunk of X PRBs experience M or H, and therefore only requires 1-bit, as compared to first method which requires 2-bits (for L, M, or H). However, the total signaling load over the X2 interface from the two listed methods depend on how often the interference+noise level varies, as well as other factors.
In order to keep the implementation options limited, it is proposed to only specify one of the above listed options.
4. Conclusions

In this contribution we have proposed a frame-work for configuring bandwidth dependent OI messages based on per PRB physical layer measurements. The proposal consists of the following components:

· Two thresholds hold values (low and high) are defined per PRB for comparing against the measurement of interference+noise. These thresholds are configured from O&M, and different values can be configured per PRB.

· Overload is monitored for bandwidth chunks of X contiguous PRBs, and the bandwidth chunk is labelled as either Low, Medium, or High if at least Y (Y(X) of the X PRBs are within one of these ranges. Hence, parameter X allows configuring the effective bandwidth for OI message, while still relying on the same physical layer measurement.

· Two candidate triggering methods for sending OI message over the X2 are presented. In order to keep the number of implementation options at a minimum, we propose to only standardize one of these options.
The exact range of parameters X and Y, as well as the two low and high threshold values for comparing against the per PRB physical layer measurement are for further study. For parameter X, our recommendation is that it should at least be possible to set X equal to the total system bandwidth, as well as limited set of lower values. As a possible simplification for reducing the number of parameters, Y could be fixed as a function of X according to e.g the following rule Y=Ceil{c(X}, where the constant c could equal 0.75 (just as an example).
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