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1. Introduction

In [1], RAN3 has sent an LS to RAN1 asking for detailed information on the interference management techniques that will be used for LTE. 
Qualcomm has recently proposed a dynamic fractional frequency reuse (FFR) techniques for LTE [2]. This document discusses the requirements on E-UTRAN architecture that should be considered in order to support the proposed dynamic FFR technique. Based on these considerations, answers are provided to the LS from RAN3.
2. Proposed schemes for inter-cell interference mitigation
Interference management techniques can be used to improve cell edge performance at the expense of system capacity. In [2], Qualcomm proposed a dynamic FFR technique where users can be scheduled on different reuse sets depending on inter-cell interference, while enforcing fairness and QoS. The DL simulation results in [2] show that the dynamic FFR scheme can efficiently tradeoff cell edge performance vs. system capacity as opposed to a fixed frequency reuse scheme. For example, an FFR with 33% partial load increases the cell edge throughput by 70% at the expense of 20% system capacity loss.
Figure 1 shows the E-UTRAN nodes involved in the proposed technique and the information exchanged between them. For optimal operation, the dynamic FFR scheme requires a central inter-cell RRM controller node that assigns the restricted frequency set to each cell. This assignment is based on the following information that the inter-cell RRM controller collects from each cell:

· Long-term interference statistics 
· Long-term cell load information 
This information should be updated as often as once every few minutes. The same rate should be considered for the updates of the cell restricted frequency set performed by the inter-cell RRM controller.
The main idea for the proposed dynamic FFR scheme is that the E-Node B schedules users on different reuse sets depending on the inter-cell interference. It can also decide to use the restricted frequency set with reduced transmit power providing soft frequency reuse. These scheduling decisions are based on the following information that the E-Node B collects from each UE:
· Reported downlink pilot strengths 
· Reported downlink interference

The E-Node B also measures uplink interference across the system bandwidth.
Pilot measurements should be reported as often as once every few ms.
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Figure 1: Information exchange between E-UTRAN nodes to support the dynamic FFR scheme
3. Answers to RAN3 questions

3.1. Q0) Which kind of radio resources are considered to be managed by RRM?

Frequency and possibly Tx power. 
3.2. Q1) Which inter-cell RRM techniques are considered in RAN1?

So far RAN1 has only considered interference management techniques (e.g. static or dynamic frequency reuse schemes).
3.3. Q2) Which performance gains (i.e. cell throughput and per user scheduling fairness) can be expected form each technique?
There is an inherent tradeoff between cell edge performance and system capacity. For example, simulations in [2] shows that an FFR with 33% partial load increases the cell edge throughput by 70% at the expense of 20% system capacity loss.

3.4. Q3) Which information exchange between nodes is needed for each techniques?

3.4.1. Q3.1) How does the information look like (e.g. measurements, hopping sequences)?
3.4.2. Q3.1) Is this information provided by the UE or by the Node B ?
3.4.3. Q3.1) How frequently is information exchange typically envisaged for each technique [msec, sec, hours, days] and what size would the related information have?
The following applies to the proposed scheme:

· Each E-Node B should be able to report long term interference statistics (uplink and downlink) as well as cell load information to the inter-cell RRM controller node. It should be possible to update this information as often as once every few minutes.

· The inter-cell RRM controller should be able to update the restricted frequency set of each cell as often as once every few minutes.

3.5. Q4) How frequent will radio resources allocated to users at the cell-edge typically need to be re-configured [msec, sec, hours, days]

The E-Node B should be capable of scheduling users on different reuse sets on the same scale as the update rate of interference statistical variation, while enforcing fairness and QoS. Therefore, radio resources allocated to users at the cell-edge may need to be re-configured once every few tens of milliseconds.

3.6. Q5) RAN3 would also like to understand whether the LTE access scheme puts different requirements on timing for mobility compared to Re-6, due to different behavior at the cell edge?

Frequency reuse techniques can greatly reduce the interference that users experience at the cell edge. However, such consideration should not be used to loosen the timing requirements for the handover procedure in LTE because this will translate in a loss of system capacity. 
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