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1. Introduction
In RAN3#84, the following agreements on X2 messages to support the inter-eNB CoMP were reached [2]:

``The task of inter-eNB CoMP is to coordinate multiple eNBs in order that the coverage of high data rates and the cell-edge throughput are improved, and also the system throughput is increased. The coordination of multiple eNBs is achieved by signalling between eNBs of hypothetical resource allocation information, CoMP hypotheses, associated with benefit metrics. Each of the signalled CoMP hypotheses is concerned with a cell belonging to either the receiving eNB, the sending eNB or their neighbour. The benefit metric associated with the CoMP hypotheses quantifies the benefit assuming that the CoMP hypotheses are applied. The receiving eNB of the CoMP hypotheses and the benefit metrics may take them into account for RRM and may trigger further signalling FFS.
RSRP measurement reports can also be exploited for inter-eNB CoMP. For example, the RSRP measurement reports can be used to determine and/or validate CoMP hypotheses and benefit metrics. [Further explanation on the RSRP measurement reports of UEs: FFS]
Inter-eNB CoMP is located in the eNB.”

In the following we provide our views along with the required message structure.
2. Discussion
2.1	CoMP Hypothesis for inter-eNB CoMP
Each CoMP hypothesis (CH) contains a hypothetical resource allocation for a cell that is not necessarily controlled by the receiving eNB. The design of signaling associated with such CoMP hypotheses must facilitate both centralized and distributed RRM. In centralized RRM a potential use of CH would be a mandatory resource allocation that the cell indicated in that CH will (or must) follow, whereas in a distributed RRM scenario the CH would be a request which the indicated cell may or may not follow. As a result, including an element in the CH to indicate whether the constituent resource allocation is mandatory or not, is desirable. This element is also useful when the CH is sent to the eNB not controlling the indicated cell, since then the latter eNB can have more information about the possible resource allocation of neighboring cells, to make its own resource allocation decision. We note that when the CH is used to convey a mandatory resource allocation (or a final decision of centralized RRM) there is limited use of the associated benefit metric. Thus, one approach of realizing the element would be via a special value of the benefit metric. In particular, when the associated benefit metric is null or set to that special value then the resource allocation in the CH is mandatory, otherwise, the resource allocation is not mandatory. An example of centralized coordination is given in Fig.1, and that of a distributed coordination is given in Fig. 2. Note that in the distributed case, eRNTP can be used to convey the resource allocation decisions. 

 

Proposal 1: Include an element in CoMP hypothesis message to indicate whether the included resource allocation for the indicated cell is mandatory or not.
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Fig.1 Example of centralized CoMP coordination via CoMP hypothesis and Benefit metric over X2 
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Fig.2 Example of distributed CoMP coordination via CoMP hypothesis and Benefit metric over X2 


2.2	Benefit Metric 
We first consider the role of benefit metric in a distributed setup. In such a case the cell indicated in the associated CoMP hypothesis will typically be controlled by the receiving eNB. Then, the intention of benefit metric (as stated in RAN1 proposals such as [3]) is to help the receiving eNB gauge the benefit that will be accrued by the sending eNB, if it follows the suggested resource allocation in the associated CoMP hypothesis. The receiving eNB can then add up all the metrics it receives for a particular cell controlled by it and a particular resource allocation, and compare the sum against the gain or loss it might incur, in order to decide the resource allocation for its cell. For the receiving eNB to make a decision that will lead towards a social optima, it should have information about the loss it can cause to other eNBs by certain allocation (such as power boosting on some PRB that was muted previously in response to a request). This point is illustrated in Fig. 3. Moreover, in the case the cell identified by the sending eNB is controlled by the sender, a negative value can be used to convey the loss the sending eNB can incur by muting a certain resource.   In this context, we note that the sign of the benefit metric value can be separately conveyed via a separate binary valued element in the benefit metric, which is one if the metric is positive and is zero otherwise. 


Proposal 2: Allow negative values in the benefit metric.
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Fig.3 Note that if only ``gains” can be conveyed via benefit metric, eNB2 cannot obtain the information about the loss it can cause to eNB1 by increasing its power. Consequently, such an increase in power would have to be done unilaterally by eNB2 which is undesirable.     





The guiding principle behind benefit metric was that it could be used to convey the change in a utility function in a succinct manner. The utility function usually depends on several factors such as queue sizes, channel states, priorities (or QoS classes) of the users being served by that eNB or cell. The benefit metric has the potential to convey the change resulting from a hypothetical resource allocation, without the need of signaling all the constituent terms of the utility function. However, this potential can be realized only if the benefit metric field is large enough. Moreover, a potentially serious drawback of not having a benefit metric field that allows for a fine quantization of the utility change is that it can lead to oscillatory behavior in distributed coordination. An additional benefit of a larger benefit metric field is that it provides the operator the flexibility to simultaneously convey different utility changes for the same hypothetical resource allocation, where each such change can be computed by emphasizing different terms of the utility function. 



Proposal 3: The benefit metric field should be sufficiently large, e.g., 3 bytes. 


It has been agreed that a single benefit metric can be associated with multiple CoMP hypotheses. Consider such a scenario where one benefit metric is associated with L hypotheses. In such a case, where L>1, it will be helpful if the benefit metric field represents a string of L+1 numbers. This will enable differential encoding of benefit metric. For instance, the first number could be the base value which represents the utility change when all the resource allocations are together applied, whereas each of the other L numbers can be offsets (represented by Δ bits each) computed with respect to the base value, such that the sum of the base value and the offset captures the utility change when only the corresponding individual resource allocation is applied. It is well established that differential encoding allows for finer quantization for a given payload size. Note that L and Δ can be separately conveyed and are configurable. So L=1 or Δ=0 would mean that the benefit metric reduces to a single number that is common for all the associated hypothesis or hypotheses.  


Proposal 4: Differential encoding of the benefit metric field should be supported.  


3. Conclusion
In this contribution we discussed the necessary X2 message to support the inter-eNB CoMP and reached the following proposals. 


Proposal 1: Include an element in CoMP hypothesis message to indicate whether the included resource allocation for the indicated cell is mandatory or not.

Proposal 2: Allow negative values in the benefit metric.

Proposal 3: The benefit metric field should be sufficiently large, e.g., 3 bytes. 

Proposal 4: Differential encoding of the benefit metric field should be supported.  
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Text Proposal:

9.2.xx	CoMP Information
This IE provides the list of CoMP hypothesis sets, where each CoMP hypothesis set is the collection of CoMP hypothesis(es) of one or multiple cells and each CoMP hypothesis set is associated with a benefit metric.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	CoMP Information Item
	
	1 .. <maxnoofCoMPInformation>
	
	

	>CoMP Hypothesis Set
	M
	
	9.2.xy
	

	>Benefit Metric
	M
	
	FFS

BIT STRING (SIZE (24))
	

The first left most bit: value “1” means positive benefit and value “0” means negative benefit.
The remaining bits quantize the magnitude of benefit.
All bits with value “0” represent the special value that denotes CoMP Hypothesis Set IE is mandated indication by the sending eNB.



	[>Time Granularity: FFS]
	
	
	
	

	[Starting SFN: FFS]
	
	
	
	

	[Starting Subframe Index: FFS]
	
	
	
	



	Range bound
	Explanation

	maxnoofCoMPInformation
	Maximum number of CoMP Hypothesis sets. The value is FFS.
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