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1 Introduction

In the way forward document for UL inter-cell interference coordination from RAN1#51, two approaches have been agreed, i.e. the high interference indicator and the overload indicator based approaches [1]. We have shown the advantages of using the high interference indicator, which is also our preferred approach [2] and [3]. Regarding the OI, the following agreements have been made:
· In case of overload, the eNodeB may send to its neighbour eNodeBs an OI via X2 for UL power control purposes. 

· The OI carriers information on experienced UL interference on PRB level

· Further purposes of the OI and interaction of the [high interference] indication X and OI is FFS

This contribution is intended to help progress the inter-working of these approaches, as well as to progress the discussion by providing some options for the overload indicator. We provide our views on the possible purpose of overload control, procedure for OI transmission, OI structure, triggers, and measurements and address possible interworking of the OI with the high interference indicator. 
2 Overload Control for UL Interference Management

Overload control scheme can complement ICIC scheme in a straight-forward way. In static or semi-static ICIC scheme, multiple frequency zones are configured depending on the interference target for each zone. Figure 1 illustrates the static ICIC scheme by creating a high interference zone, typically by shaping power spectral density of the interference. Thus the PSD of the other frequencies is constrained which gives a low interference zone in the remainder of the spectrum. The ‘high interference zones’ are indicated as F1, F2, and F3 for cells i, j, and k respectively. Each of the ‘low interference zones’ have associated target interference PSD level, which are the frequencies F2 and F3, F1 and F3, F1 and F2, respectively. The UEs at the edge of the neighboring cells to cell i have constraints on maximum PSD in zones F2 and F3. This low interference zones allow the UEs at the edge  of cell i to be scheduled with normal PSD, achieving a high SINR since the eNodeB sees low interference level, and at the same time, it is not ‘low interference zones’ for neighboring cells. Typically, semi-static ICIC scheme relies on DL path losses from UE to serving and neighbour cells. Details of semi-static ICIC schemes and their benefits for LTE system are described in [2] and [3].

The overload control scheme simply detects the interference overload event at each cell relative to the interference target and sends the OI to neighbour cells. This is a re-active behaviour. The main purposes of OI are
· to ensure that edge user coverage is fulfilled in the presence of interference 
· to provide additional mechanism for preventing any misbehaviour in the semi-static ICIC scheme, in the presence of measurement errors (e.g. estimation error in DL path loss, mismatch between UL and DL path loss) and inaccuracies in slow power control parameter setting, or due to any overshoot in the interference level above the interference target

In order to allow compatibility with the high interference or interference sensitivity (X) indicator, we propose that the interference target also depends on the frequency. This target then needs to be aligned with the interference zones that are indicated with the high interference or interference sensitivity (X) indicator.
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Figure 1: Static inter-cell interference coordination (inverted re-use) by creating a ‘high interference zone’ denoted as frequency zones F1, F2 and F3 for cells i, j, and k . Each ‘low interference zone’ has target interference PSD value, where neighboring cell UEs will have restricted transmit PSD and ‘high interference zone’ preferred high transmit PSD. The high interference zone is used by neighboring cells to schedule edge users.
3 Overload Indicator
In order to support the OI based inter-cell power control, the following open issues remain to be resolved:

· Detailed structure of OI: Number of bits, frequency indication method, step size, if needed. 

· Behaviour of the eNodeB receiving the OI

Furthermore, details of OI procedure need to be discussed:

· OI trigger event if event-triggered.
· Definition of required measurements: interference, PL reporting, any averaging if needed
· How to identify the target cell to send the OI

3.1 OI Structure

To reduce the number of bits for OI, we prefer to use 1 bit indicator per PRB or set of PRBs. The OI is further characterized as follows:
· Trigger based OI to reduce the overhead via X2

· OI is defined per PRB or set of PRBs. 

· One bit OI to indicate up/down with a pre-configured step size. The step size indicates the required reduction in interference PSD experienced at the source cell. 

· Resource block of overloaded PRB or set of PRBs are signalled to the target cell. 

3.2 Procedure
Figure 2 illustrates the procedure for sending the Overload Indicator. In the source cell eNodeB, a metric for UL interference is measured per PRB or set of PRBs. Overload indication event occurs when the metric denoted as Mk in the figure exceeds a pre-defined threshold. The OI is sent to one or multiple target cells via X2 interface. The target cell may be determined from the Neighbor Cell List.
The target cell first identifies the UE with strongest interference to the source cell that sent the OI. The target cell scheduler takes one of the following actions: 

· Option A: Reduce the target UE transmit PSD of the overloaded PRB by a pre-defined step size indicated by the OI. This can be handled by the target cell power control function, by reducing the UE specific power control parameter by a pre-defined step size.  
· Option B: If changing the transmit PSD is not sufficient to reduce the interference level, change the frequency allocation of the selected UE. If there is preferred frequency zone, move the UE to the preferred zone.

To align with the High Interference Indicator, it is assumed that the threshold can be configured per PRB.
In our view, response from the target cell is not needed from the target cell to the source cell informing about its action.
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Figure 2: Procedure for sending Overload Indicator.
3.3 Trigger

We need a metric to define the triggering event for the OI. To define an appropriate metric for the interference level, we consider the following issues: 
1. Interference Power or PSD? 
For trigger based OI, we need a metric to represent the interference level. We prefer to use interference PSD, ie interference per PRB as a measure for interference. This can be computed as the total interference power over a set of PRBs divided by the number of PRBs. The benefit of using PSD is that it provides a measure with smaller dynamic range over wide range of PRB sizes.

2. Absolute or Relative? 
As a measure for interference level, absolute or a relative metrics have been proposed in 3GPP.

· Absolute interference power was proposed as a metric for interference level [6]. 
· An alternative metric often discussed is the interference over thermal (IoT) [8]. One of the drawbacks with this approach is that it requires estimation of thermal noise power experienced on the UL. This may require creating gaps for thermal noise measurement, if we rely on an algorithm with reasonable complexity. Creating measurement gaps may not be easy in asynchronous network deployment. 
One of the issues with the metric selection is that when power control is active, power control can compensate for the increased interference level, overcoming interference rise. Therefore, the absolute interference level may not be the metric of choice.

The trigger event is defined as
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(Eq. 2)

where the threshold is a configurable parameter per PRB set on a cell basis.
3.4 Measurements

3.4.1 Serving Cell Measurement
· The interference PSD is estimated at the serving cell. This may be considered as an eNodeB internal measurement and may not be standardized.

· The triggering event needs to be clearly defined and the threshold value needs to be standardized. 

3.4.2 Target Cell Measurements
Target cell needs measurements to verify and identify the UE with strongest interference to the source cell. For this purpose, 

· eNB: PL reporting from the interfering UE to the serving cell and to the strongest neighbour cell is needed. PL reporting in MAC control PDU proposed in RAN2 as part of Scheduling Information may be used. Alternatively, power headroom reporting may be used.

· UE: DL RS transmit power of the serving cell and the strongest neighbour cell is needed. 
3.5 Signalling

OI triggering parameters need to be standardized, to ensure interoperability between eNodeBs and predictability of OI generation. These may be included as OAM parameters. 

The parameters that may need to be standardized are

· Threshold for the OI metric (ie Interference_PSD_Threshold,k)

· Frequency zones (PRB or set of PRBs). It is FFS whether consecutive PRBs are sufficient or indication of multiple, isolated PRBs is needed.
· Step-size is FFS
4 Summary
Table 1 shows the summary of OI proposals. 

Table 1: Comparison of OI proposals.
	
	Proposal 1 (NSN/Nokia)
	Proposal 2
(Ericsson)
	Proposal 3
(Alcatel-Lucent)

	OI definition
	· 1 bit OI

· N bits for indication of overloaded PRB


	4-5 bits for RoT per PRB

	· 1 bit OI

· Overloaded PRB or set of PRBs 
· Step size indication for interference reduction is FFS

	Triggers
	X

Y

Absolute with time stamp

Release indicator
	Event triggered
Event not defined 
	Event triggered:
Interference_PSD > Interference_PSD_Threshold

	Measurement
	RTWP
	RoT per PRB
	· eNB: DL RS transmit power for serving and neighbour cells 

· UE: PL (or power headroom) to serving cell and the strongest neighbour cell
· Interference PSD (eNodeB internal)

	Signalling
	
	
	OAM parameters for

· Threshold for interference PSD per PRB (set)
· Frequency zones

· Step size configuration
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