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1. Introduction 

The current working assumption on UL inter-cell power control is ‎[1]:

· “Cell wide overload indicator (OI) exchanged over X2 on a slow basis

· according to RAN3 LS [R1-071804 (R3-070702)], expected average delay is in the order of 20ms

· FFS: Number of bits in the OI 

· Neighboring eNB can control individual UEs served by that eNB through it’s scheduler based on OI and available knowledge (e.g. pathloss obtained from normal handover measurements)”

This is an Inter-cell Interference Coordination (ICIC) scheme. This paper further discusses the open issue of the format of the overload indicator. More specifically, the focus is on (i) whether the overload indicator should be frequency dependent or not, (ii) an absolute or relative measure should be used, (iii) the number of bits used to represent it, and  (iv) whether it should be periodic or event triggered. 
It is suggested that the overload indicator is event triggered and frequency dependent, a 4-5 bit RoT measure per resource block.   

2. Overload Indicator

Frequency Dependency

The overload indicator can either be common for the whole frequency band, or frequency dependent. A frequency selective overload indicator, still cell-wide without explicit addressing of individual UEs, enables the potential interfering cells to better distinguish which mobiles that are causing interference, by combining scheduling history with the overload indicator. A further advantage of the frequency dependent overload indicator is that it together with per-cell traffic load indications supports attractive radio-quality- and load-based Inter-Cell Interference Coordination (ICIC) solutions, see e.g. ‎[2].
Absolute or Relative?

The overload indicator can either indicate an absolute interference level, or be relative to some reference interference level. A benefit of using an absolute value is that it in each neighbor cells can be used to distinguish if a scheduled mobile is the one causing the overload. This is illustrated in Figure 1 with two mobiles UE1 and UE2 scheduled on the same resource blocks and connected to eNodeBs eNB1 and eNB3 respectively. 
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Figure 1. Overload example. eNB2 is overloaded (by UE2 but not by UE1) and sends an overload indicator (in form of an absolute RoT measure) to its neighbours. eNB1 combines the RoT with RSRP measurements from UE1, and can conclude that UE1 is not causing the overload. Similarly, eNB3 can detect that UE2 is causing the overload. 

The cell in eNB2 becomes overloaded on these resource blocks by UE2 which is close and transmits with high power. An overload indication to the two neighboring cells in eNB1 and eNB3 is sent. If this overload indication contains a Rise over Thermal (RoT) measure eNB1 can based on the caused RoT estimate avoid taking a useless action for UE1 resulting in better performance. eNB3 can take appropriate action by matching to an estimated caused RoT based on handover measurement (RSRP) and used power (from power headroom report).

Granularity

The overload indication per frequency bin can further be a single bit or a multi bit measure. A single bit measure is limited to indicating the binary conditions overload or not. It does not reveal to what extent the cell is overloaded, e.g. whether a small reduction in output power is sufficient, or a rescheduling of a UE is required. This can be addressed by multi-level measure. A RoT measure in combination with a handover RSRP neighbor measure will give a rather accurate indication of the required power reduction.
Complexity

The main ‘complexity’ associated with the overload indicator is the load it generates on the X2 interface. As an example, a five bit per resource blocks RoT measure, enabling 32dB range with 1dB granularity, on 20MHz band results in 500 bits. One way to lighten the load on the X2 interface is to send the overload indicator only in events of overload and only for resource blocks overloaded, and not necessarily periodically for all resource blocks.

3. Conclusion and Proposal

Interference overload indicators are not only useful for inter-cell power control. Correctly designed they may also provide relevant feedback for other forms of dynamic ICIC mechanisms. Based on this, it is proposed that the overload indicator be frequency dependent per resource block and containing a 4-5 bit Rise over Thermal (RoT) measure. To limit the X2 load it is proposed that the overload indicator is event triggered. 
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