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1 Introduction

In RAN2#52 we noted that RAN1 has identified a potential need to control inter-cell interference through a load indication which would require a UE to receive and decode information from neighbour cells. This aspect was captured in [1] as follows:

9.1.2.7.4         Power Control based upon neighbour cell load

Power control of uplink transmissions may be used to control the degree of intercell interference generated by a UE into its neighbouring cells. It should be considered whether these mechanisms require the UE to receive and decode information from neighbour cells (e.g. load indication) and the impacts of this should be investigated.

In RAN2, two arguments were brought against this proposal:
· Inter-cell interference control is not needed

· If Inter-cell interference control is needed, it can be done through the network

In this contribution, we address these two points and propose a way forward.

2 Discussion

2.1 Is inter-cell interference control needed?

We do not believe RAN2 is the right group to address this question which should be discussed in RAN1. We further note that if RAN1 believes control of inter-cell interference has merit, RAN2’s role is to investigating potential ways to achieve it.

On the merit of inter-cell interference control we would like to refer to [4] which has been submitted to RAN1.

2.2 Methods for providing inter-cell interference control

2.2.1 Load Indicator Channel

In the current method proposed in RAN1 similar to the non-serving RGCH in HSUPA, it is assumed that each cell is configured with a load indicator channel (see figure 1).

A UE should only monitor the load indicator channel of the strongest interfering cell which is not serving it and obey its commands.
The advantages of this method are the following:

· Ability to have a tight interference control thereby ensuring coverage of all channels

· Fast closed loop structure that allows the system to adapt to time varying load

· Distributed nature (eNB schedulers do not need to communicate)

The con of this method is:

· the need for UEs to decode a 1-bit channel from one more cell
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Figure 1: Load Indicator Channel
2.2.2 Load Indication through the network

An alternative to the Load Indicator Channel proposed in RAN1 is to allow cells to coordinate the load information from the network side which can be done using the following method:
Each jammed cell can communicate the level of inter-cell interference it is experiencing to all its neighbours which must then estimate which of their serving UEs may be interferers and reduce their UL grants accordingly.
With this method, the bandwidth required on the X2 interface to communicate the inter-cell interference is multiplied by N2 where N is the number of neighbours which potentially serve an interfering UE.
Also once a serving eNB receives inter-cell interference from all its neighbours, is then needs to sort through all UEs it is serving to find potential jammers which further loads the scheduler.
The advantage of this method is the UE only needs to communicate with one cell at a time

The cons of this method are:

· the required bandwidth over the X2 interface (required communication over the X2 interface is multiplied by N2 where N is the number of neighbours)
· the additional load on the serving eNB scheduler (the scheduler needs to find potential jammers among all the UEs it is serving)

· Serving cells need to detect which of their UEs create interference to which other cells and in what proportion

· the inherent delay of the process (jammed cells and serving cells have to communicate over X2)
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Figure 2: Load indication through the network
3 Conclusion
As discussed in the previous section, we think RAN2 should take into account the fact that RAN1 has decided to investigate “power control based on neighbour cell load”, which may require signaling over the air interface and has an impact on uplink scheduling operation. We propose the following text to be included in the RAN2 TR.
Section 7.x

Uplink scheduling operation
Uplink scheduling operation by the UE may need to take into account inter-cell interference generated by the UE into its neighbouring cells. It should be considered whether these mechanisms require the UE to receive and decode information from neighbour cells (e.g. load indication) and the impacts of this should be investigated.
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