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1 Introduction

The modified WI scope in RP-140523  ‎[1] indicates “while allowing implementation of both centralized and distributed coordination and to allow operators to choose what to implement in their networks”.
“Proposal: RAN agrees to reduce the scope of WI to the items listed below based on X2 interface. 
· A CoMP hypothesis comprising a hypothetical resource allocation for at least the receiving node in time/frequency domains”.
RAN1 to RAN3 LS R1-141816 ‎[2], indicates:

1. RAN1 has identified the following signalling for eCoMP and asks RAN3 to consider the feasibility of this signalling and to work on the details of in Rel-12: 

· One or more CoMP hypotheses, each comprising a hypothetical resource allocation associated with a cell ID, where the cell identified by the cell ID is not necessarily controlled by the receiving eNB.
· A benefit metric associated with one or more CoMP hypothesis/es, quantifying the benefit that a cell of the sender node expects in its scheduling when the associated CoMP hypothesis/es is assumed
· RSRP measurement reports of one or more UEs.
In this contribution we will address a distributed design of CoMP hypothesis at transmitter or receive side and the usage of the RSRP transmitted by another cell. The proposed approach is based on our study of the distributed signalling in R1-135241 ‎[3], included in NIB CoMP TR 36.874 ‎[4].

Discussion

Based on the text in the Liaison letter, the sender node expects the application of a hypothesis for getting a better performance. In the centralized approach, the sender node is a Central Manager (CM), and the resource allocation refers obviously to the receiving node, which is not controlling the resource allocation.
In the distributed approach, the sender node is a base station. The resource allocation can work in two variants:
1. The sender node expects the receiving eNB to allocate a resource such to reduce the interference, i.e. to allocate almost-blank time-frequency resources INSTEAD of high power resources which are interfering the transmitting node. The receiving node can respond with ACK/NACK.

2. The sending node intends a time-frequency allocation within its own resources, which may create interference to the recipient eNB. For choosing the resource allocation, the sending node may use RSRP information provided by the peer node per used time-frequency resources. In case that the created interference is considered as inacceptable, the receiving node can reject (NACK) the proposed allocation.
CoMP hypothesis at receiving node

Let’s understand how the process works based on a simple example of four interfering eNBs and consider, for simplification, a full subframe as hypothetical resource. All eNBs are loaded in the considered cell. 
A new packet just arrived at eNB1, not using subframes 7, 8, and 9. The initial situation is presented in Figure 1. Three levels of power are considered (low, medium, high). In eNB1 three subframes are not used, while in the other cells all the subframes are used.
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Figure 1   Initial Tx power allocation

Step1: eNB1 schedules the packet in subframes 7, 8, 9 and transmits it with high power. eNB1 does not know which eNB is creating the highest interference; makes a guess that eNB2 is the one and requests ABS insertion in subframes 7, 8, and 9. The situation is presented in Figure 2, where eNB2 has also increased the power to compensate for losing 3 subframes.
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Figure 2  eNB1 transmits first packet and asks eNB2 to insert ABS
The following process may take place:

Step 2: eNB2, because cannot transmit in subframes 7, 8, 9 (ABS now), increases the power in the subframes 0,4,5,6 and requests eNB3 to schedule ABS in subframes 4, 5, 6. 

Step 3: eNB3, because cannot operate in subframes 4, 5, 6 requests eNB4 to schedule ABS in subframes 1, 2, 3 and increases the power in other subframes.
Step 4: eNB4, because cannot operate in subframes 1, 2, 3 requests eNB1 to use ABS in subframes 4, 5, 6.

Step 5: eNB1 inserts ABS in subframes 4, 5, 6 and increases the power in other subframes.

The resulting situation is shown in Figure 3.
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Figure 3  ABS setting after 5 steps – CoMP at receiver

The above steps were based on the assumption that if the request is acknowledged, the information on time-frequency resources in which ABS was inserted was sent to all interfering nodes.

Observation 1: It is essential that if the request is acknowledged, the information on time-frequency resources in which ABS was inserted shall be sent to all interfering nodes.
As result, the average resource utilization per cell is:

RUr1 = 70%
Observation 2: ABS request is an avalanche process, not suitable to distributed deployments because its convergence cannot be guaranteed in all cases.
Observation 3: In the distributed approach, CoMP at receiver, the average resource utilization may be significantly lowered by the use of almost blank resources.
The question is if the transmission of RSRP will change this situation. We will analyse such an example below.
CoMP hypothesis at receiving node, RSRQ used
In the approach of CoMP hypothesis at receiver, for the same case of a new packet for a cell edge UE, assuming the initial arrangement in Figure 1, the following steps are likely to occur, based on the assumption of the interference created by each one eNB to the other eNB in the cluster:

Step 1: eNB1 will request almost blank subframes at eNB3 – subframes 7, 8, 9, as shown in Figure 4. If the request is acknowledged, the information on time-frequency resources in which ABS was inserted shall be sent to all interfering nodes.
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Figure 4   Resource and power allocation based on CoMP hypothesis at receiving eNB

Assuming that eNB3 will ACK the request, implying the modified scheduling of the high power traffic in subframes 4, 5 ,6, it will have less subframes to schedule the existing traffic and will try to increase the MCS (modulation and coding scheme) by reducing the interference, i.e. on the expense of more ABSs at the interfering eNB1.

Step 2: eNB3 requests eNB1 to schedule ABSs in subframes 4, 5, 6. 

eNB1 ACKs the request, but increase the MCS in subframes 0,1 by increasing the transmission power. In the same time is looking to reduce the interference in these subframes, including subframe 3.

Step 3: eNB1 requests eNB2 to insert ABSs in subframes 0, 1, 3.

The resource utilization is reduced due to the additional ABS subframes.

The average RU in this case is:

RUr2 = 77.5%

The following observations can be made:

Observation 4: If the request is acknowledged, the information on time-frequency resources in which ABS was inserted shall be sent to all interfering nodes.

Observation 5: CoMP hypothesis at the receiving node is a multi-step process, potentially creating network instability.

Observation 6: In case of CoMP hypothesis at the receiving node, RSRP information may improve the resource utilization.

CoMP hypothesis at sending node, RSRQ used
In this case the following operation could take place:
1. The sending node provides the information, for each active UE, of the used time-frequency resources and the RSRP of the UE to all the other interfering eNBs.

2. Based on this information, each eNB can make a guess regarding the most interfered resources at the sending node and the possible transmission power at that node. Low RSRP implies a UE at the cell margin and high transmission power; medium RSRP will indicate a less interfered resource and medium transmission power. However the RSRP can be medium and the eNB can transmit with high power. At the end what counts from interference p.o.v. is the transmitted power and not RSRP.
Observation 7: The information on transmitted power is more adequate than the information on RSRQ.

3. When an eNB decides the scheduling for a served UE, the eNB can use the information on RSRP related to the same resource use by another eNB. In this way the scheduling eNB can mitigate the inter-cell interference, as shown in Figure 1.
Observation 8: The information of the used time-frequency resources and the RSRP of UEs using these resources shall be made available by the sending node to all the interfering cells.
4. A packet comes to eNB1 for a UE with low RSRP (cell margin); eNB1 makes a hypothesis for using subframes 7, 8, 9 for this packet. (see Figure 5) and sends the hypothesis to eNB2, eNB3 and eNB4. Only eNB 3 will be seriously affected by interference; to resolve the situation eNB3 will reduce by one subframe the high-power subframes and swap the resource allocations for UEs with medium and low RSRP, such that the used allocation remains the same (no hypothesis to make). The resulting resource usage is shown in Figure 5.
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Figure 5  Resource and power allocation based on CoMP hypothesis at sending eNB
By this, the other cells can see some more interference in subframes 4 and 5, to be handled by MCS reduction, but the resource utilization remains the same, i.e. RU = 100%.
Observation 9: CoMP hypothesis at sending eNB may not reduce the initial resource utilisation.
Simulation results

In R1-135241 ‎[3] are presented the results of a simulation for distributed scheduling, where the CoMP hypothesis is implemented at the sending eNB, based on the knowledge of time-frequency resource allocation and power allocation at all eNBs in the cluster. The scheduling method was named “Distributed CoMP with Collaborative Scheduling (D-CoMP CS). It was assumed that the collaborating eNBs always ACK the requests.

The metric used was UPT (User Perceived Throughput).

The reference case was considered that of five ABSs per cell. In Figure 6 are presented the results in a graphic form:
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Figure 6 Comparison between usage of fix ABSs (TDM5/10) and collaborative scheduling (D-CoMP-CS)
From Figure 6 it can be observed that CoMP at sending eNB significantly outperforms the ABS approach.
Observation 10: CoMP at sending eNB significantly outperforms the ABS approach.

Conclusions
Based on the above analysis, the following conclusions can be made:
Conclusion 1: All interfering eNBs shall receive information:

· that a time-frequency resource is used or not;
· which is the RSRP reported by the UE using a downlink time-frequency resource;

· which is the power used by a UE (uplink) or an eNB (downlink) in a time-frequency resource;

Conclusion 2: In order to support the distributed CoMP, the CoMP hypothesis shall be done at least at the eNB sending the message on CoMP hypothesis.
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