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1
Introduction
Time domain inter-cell interference coordination (eICIC) was introduced in Release 10, to mitigate interference between two cells by using almost blank subframe (ABS) patterns.  A typical use case is to extend the coverage of picos by reducing the interference from the macro layer.

In this contribution, we analyze the current eICIC mechanism taking into account non-GBR traffic.  A potential ambiguity is identified with the current semantics description of the DL ABS Status IE, and a solution is proposed.
2
Discussion
Figure 1 illustrates the operation of eICIC, for an example scenario where a pico is using cell range extension (CRE) to offload traffic from a macro.
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Figure 1: eICIC example
Step 1:
eNB2 (e.g. pico) sends the LOAD INFORMATION message to eNB1 (e.g. macro), including the Invoke Indication IE set to ‘ABS Information’.  This indicates eNB2’s desire for eNB1 to initiate a non-zero ABS pattern in the relevant cells.
Step 2:
eNB1 sends the LOAD INFORMATION message to eNB2, including the ABS Pattern Info IE indicating the subframes designated as ABS by eNB1.

Step 3:
eNB2 begins scheduling UEs needing interference protection from eNB1 (i.e. UEs in the CRE region) within the ABS of eNB1.
Step 4:
eNB1 sends the RESOURCE STATUS REQUEST message to eNB2, including the Report Characteristics IE set to ‘ABS Status Periodic’, to trigger reporting of ABS status information so that eNB1 can evaluate if adjustments are needed to the ABS pattern.
Step 5:
eNB2 begins sending periodic RESOURCE STATUS UPDATE messages to eNB1, including the requested ABS status information (e.g. DL ABS Status IE and Usable ABS Pattern Info IE).

Step 6:
eNB1 determines whether any adjustment is needed to the ABS Pattern (e.g. more or less ABS) based on the received ABS status information.
However, a potential ambiguity exists when DL traffic to UEs in the CRE region includes non-GBR traffic.  The semantics description of the DL ABS Status IE sent by eNB2 in step 5 is as follows (9.2.58 of [1]):
“Percentage of used ABS resources. The numerator of the percentage calculation consists of resource blocks within the ABS indicated in the Usable ABS Pattern Info IE allocated by the eNB2 for UEs needing protection by ABS from inter-cell interference for DL scheduling, or allocated by the eNB2 for other reasons (e.g. some control channels). The denominator of the percentage calculation is the total quantity of resource blocks within the ABS indicated in the Usable ABS Pattern Info IE.”
One possible interpretation of the above semantics description is that the numerator of the percentage calculation must include all resource blocks allocated to UEs needing protection by ABS.  With such an interpretation, if there is non-GBR traffic using all available resource blocks, then DL ABS Status of 100% would be reported even though this does not necessarily indicate a need for more ABS.

The original intention of the DL ABS Status IE is to convey the percentage of usable ABS that is actually required by traffic needing protection (which could be some or all resource blocks allocated to UEs needing protection, depending on the type of traffic), so that the eNB designating ABS is able to adjust the ABS pattern to optimize overall system performance.  Therefore, we propose to clarify the semantics definition for the DL ABS Status IE as follows:
“Percentage of used ABS resources. The numerator of the percentage calculation consists of resource blocks within the ABS indicated in the Usable ABS Pattern Info IE allocated by the eNB2 for DL traffic needing protection by ABS from inter-cell interference for DL scheduling, or allocated by the eNB2 for other reasons (e.g. some control channels). The denominator of the percentage calculation is the total quantity of resource blocks within the ABS indicated in the Usable ABS Pattern Info IE.”
Note that in the semantics description proposed above, it should be understood that:

-
Only UEs needing protection by ABS have DL traffic needing protection; and

-
For UEs needing protection by ABS, some DL traffic (i.e. some non-GBR traffic) can be considered by eNB implementation as not needing protection by ABS (i.e. DL scheduler can take advantage of extra resources within the ABS to maximize non-GBR traffic to UEs needing protection, similar to how the DL scheduler can also take advantage of extra resources within the ABS for UEs not needing protection).
3
Conclusion
In this paper, eICIC resource status reporting has been discussed and it was observed that the existing DL ABS status IE may be ambiguous, particularly when there is non-GBR DL traffic.

Based on the discussion, the following is proposed: 
Proposal:
Clarify the semantics description for DL ABS status IE as follows:
“Percentage of used ABS resources. The numerator of the percentage calculation consists of resource blocks within the ABS indicated in the Usable ABS Pattern Info IE allocated by the eNB2 for DL traffic needing protection by ABS from inter-cell interference for DL scheduling, or allocated by the eNB2 for other reasons (e.g. some control channels). The denominator of the percentage calculation is the total quantity of resource blocks within the ABS indicated in the Usable ABS Pattern Info IE.”
A CR for TS 36.423 reflecting the above proposal is provided in [2].
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