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1
Introduction   


In RAN#63, a reduced working scope on eCoMP has been agreed in [2]. In this paper, we discuss the possible signaling details to support eCoMP based on the reduced scope. 
2 
Principle for inter-eNB signalling design
In eCoMP SI, multiple CoMP schemes have been studied, including CS, CB and DPS. However, coordinated scheduling/muting has been studied by majority of the companies. Meanwhile, even though there is no explicit agreement on the reduced WI scope [2], the signalling description clearly implies to support coordinated scheduling/muting only. Therefore we propose to have a clear agreement in RAN1 to focus on signalling for coordinated scheduling/muting. 
Proposal 1: Standardize X2 signaling for coordinated scheduling/muting only. 
3
The need of UE CSI exchange
It is widely recognized that optimized scheduling/muting decision should take channel variation into consideration. A straight forward way is to enable the exchange of UE specific CSI through X2 interface. The UE specific CSI is part of the reduced WI scope as following:
· One or more sets of CSI information (RI, PMI, CQI) of a set of UEs that can be supported taking into account limitations of existing X2 interface

· RAN1 should provide guidance to RAN3 on the necessary rate/periodicity of exchanging the one or more sets of CSI reports over X2 interface 
UE specific CSI can be considered as unprocessed input data for scheduler to make muting decision, there are two issues with it: 
1. eCoMP SI has focused on FTP traffic for simulation where the CSI based exchange performs well. However, different types of traffic may require different metrics to be exchanged, e.g. VoIP user may want to reduce the latency instead of increasing spectral efficiency, which CSI-only based scheduling would be improving. A lot of extra X2 signalling would need to be defined to exchange the required information needed for every type of traffic. E.g. for VoIP users, X2 signalling to exchange the packet latency would be needed in addition to CSI. 

2. When the scheduler of one eNB makes muting decision based on unprocessed UE specific CSI received from another eNB, it must know which UE will be scheduled on that particular PRB/RBG by the other eNB. However, the scheduling decisions depend on e.g. the muting condition, traffic priority and current load situation, and that information is normally only available at scheduling eNB. Further, it is nearly impossible for one eNB to predict which UE will be scheduled by another eNB, without very detailed knowledge of the scheduling algorithm at the other eNB. 
Instead of conveying unprocessed UE-specific CSI, an alternative approach is for one eNB to convey to another eNB a quantitative measure of the benefit it would receive if the other eNB were to mute. Consider an example where Cell 1 in eNB1 is interfered by Cell 2 in eNB2, as shown in Figure 1.
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Figure 1. Example for coordination.
In the example below, Cell 1 at eNB1 can get a benefit if Cell 2 at eNB2 mutes on a given resource. To aid eNB2 in making its muting decision, eNB1 can provide eNB2 with a quantitative measure of the benefit that Cell 1 would receive if Cell 2 were to mute. The benefit metric is a cell-specific and therefore statistical quantity, as opposed to a UE-specific unprocessed quantity. Even if Cell 1 of Figure 1 has many active UEs, Cell 1 only needs to provide a single benefit metric to Cell 2 for a given resource, irrespective of the number of served UEs. The benefit metric calculated by eNB1 may take into account any factors such as Traffic QoS, UE CSIs, etc. that are considered relevant by eNB1. The key factor is that eNB2 does not need to know the details of the algorithm used by eNB1's scheduling strategies and implementation, or the particular UE that eNB1 would like to schedule if eNB2 mutes.
Observation: Unprocessed, UE specific CSI information exchange is not sufficient to enable smart muting decision especially in the realistic mixed traffic environment. Instead, a cell specific benefit metric, processed from CSI, can directly represent the benefit obtained for the cell which enables the individual eNB schedulers to operate different scheduling strategies for different UEs having different types of traffic demands. 
4
The detailed definition of cell specific benefit metric
The definition of benefit metric should be specified in the standard. However, it is not necessary to specify the exact method by which an eNB should calculate its benefit metric. The definition could be “the benefit obtained conditioned to a neighbour cell is muted (or other CoMP behaviour)”. Detailed signalling design, e.g. value range, should be decided by RAN3. There could be many ways to calculate the benefit metric: One simple example is to quantify the increase in the scheduling metric when another cell mutes. In Figure 1, suppose the scheduling metric of the scheduled user in Cell 1 when Cell 2 does not mute is B, and the scheduling metric of the user who would get scheduled in Cell 1 if Cell 2 muted is B’. Then one way for Cell 1 to calculate its benefit metric is (B’-B)/Bmax, where Bmax is a normalizing constant. For example, in the contribution [3], the PF scheduler is used, wherein the eNB schedules the UE that has the maximum user PF metric among the UEs in the cell. For such a scheduler, B’ (respectively, B) would be the PF metric of the user who would be scheduled in Cell 1 when Cell 2 mutes (respectively, does not mute). 
It should be noted again that it is not necessary to standardize any particular scheduling metric. Rather, it is stressed that the benefit metric can be used with any scheduling criterion, and provides a unified way for any eNB to represent the benefit it would obtain by another eNB muting. Besides, using the benefit metric requires lesser volume of information to be exchanged since it is cell specific rather than UE specific, and makes the solution more robust to backhaul latency. 

One potential concern is that an un-cooperative eNB may send high benefit metric on each PRB which will damage the balance of the network. A simple optimization solution is to configure the maximum benefit metric summed-up across all the PRBs. The maximum value could be configured by O&M or negotiated between eNBs. 

Proposal 2: Benefit metric is defined as the benefit obtained by the sending eNB from the muting (or other CoMP behavior) of the receiving eNB. The range of benefit metric should be specified in the X2 messages while the detailed calculation method is up to eNB implementation. 
5
Discussion on the “CoMP hypothesis” and Benefit metric

CoMP hypothesis and Benefit metric are both listed in the reduced scope of the WID. In this section, we discuss and compare these two together due to the similarity between them. The following is the scope based on [2]:

· A CoMP hypothesis comprising a hypothetical resource allocation for at least the receiving node in time/frequency domains 
· How to react to a received CoMP hypothesis signaling is up to receiving eNB’s implementation. E.g. accept or ignore, potentially sending a feedback e.g. “yes/no” to the sending node.

· RAN1 should provide guidance to RAN3 on necessary granularity and rate of CoMP hypothesis in time/frequency domain.
· Details of benefit metric should be decided in RAN1 and should be provided to RAN3 from RAN1#76bis
Benefit metric, see [4], is defined to quantify the benefit to the sender if the receiving node applies requested resource allocation/restriction. How to calculate the benefit metric is up to the implementation details in eNB’s . 

CoMP hypothesis is very similar to benefit metric since according to the WID the receiving eNB may decide whether to accept or ignore the hypothetical resource allocation. . Both of them represent a ”request”, by sending eNB, for receiving eNB to apply a certain resource allocation. However, they are different in the following aspects:  

1. Benefit metric is a soft request where different value can indicate how strong the request is. In contrast, CoMP hypothesis is a hard request where only one 1-bit (“yes/no” ) information is included.   If we design the benefit metric with very coarse granularity: 0-1, 0 meaning no benefit, 1 meaning good benefit, benefit metric becomes the same as CoMP hypothesis. In summary, the granularity of the request is different in benefit metric and CoMP hypothesis. 

2. Benefit metric is about the resource allocation for receiving eNB only, while CoMP hypothesis may also include resource allocation for other eNBs.

a. Since whether or not to accept CoMP hypothesis is up to receiving eNB’s implementation, there is no guarantee that it will be accepted by neighbour eNB. How the receiving eNB should take into account the resource allocation for a neighbouring eNB included in the CoMP hypothesis is unclear. 
Proposal 3: CoMP hypothesis should include resource allocation only for the receiving eNB, and it should be associated with a benefit metric to quantify the benefit obtained by the sending eNB if receiving eNB applies that resource allocation.  

6
Proposed coordination scheme and signalling usage
In general, CoMP operation requires two steps of exchange through X2 interface: Information exchange before making CoMP decision and the decision exchange afterwards. We propose a benefit metric for certain resource allocation hypothesis as discussed in the previous sections. Meanwhile, after muting decision is made, eNB needs to inform it to the neighboring eNBs. We propose to use enhanced RNTP for this purpose. Using this approach, one eNB could influence neighboring eNB resource allocation via sending the benefit metric for certain resource allocation while the final muting decision is made by each eNB, only for itself. In the following figure.2, we further illustrate the coordinating solution. 






Figure.2 illustration of distributed CoMP works with benefit metric + eRNTP
As show in figure.2, each eNB can create one “cluster” with the neighboring eNBs, and each eNB could be the central cell of its own cluster. Such structure formulates eNB specific coordination area automatically, while in Master-Slave mode, artificial network planning is needed to formulate the CoMP coordination area to avoid one slave eNB be controlled by multiple Master eNBs. Clearly, it is easier to deploy distributed coordination scheme in real networks.
Proposal 4: Benefit metric (associated with CoMP hypothesis) corresponding to receiving eNB resource allocation should be serving as one input for one eNB making muting decision, while the enhanced RNTP message shall be utilized as representing output of resource allocation of receiving eNB.
7
Other signalling
Another important category of information to support muting decision is the post-muting status report. The status reporting is part of the reduced WI scope as follows [2]:

· Possible enhancement on existing Status report, which can be signaled between eNBs to exchange the usage status of the indicated frequency/time resources
In order to keep stable and optimal muting decision, it is useful to exchange status information regarding the outcome of muting between eNBs. E.g. after applying muting for a while, eNB needs to confirm whether muting is beneficial for the neighboring eNBs. A simple example of such message is the throughput profile, where the equivalent historical throughput transmitted on every PRB is calculated. Such profile can help the muting eNB to understand the real benefit obtained by the victim eNB from its muting before deciding on the next muting pattern. Therefore it should also be considered in the X2 signaling design.

Proposal 5: X2 message should support to exchange throughput profile between eNBs. Throughput profile is defined as the historical cell specific throughput per PRB within certain of period. 
8
Conclusions

In this paper, we give our views on inter-eNB signaling design. The proposals are summarized as below:
Proposal 1: Standardize X2 signaling for coordinated scheduling/muting only. 
Proposal 2: Benefit metric is defined as the benefit obtained by the sending eNB from the muting (or other CoMP behavior) of the receiving eNB. The range of benefit metric should be specified in the X2 messages while the detailed calculation method is up to eNB implementation. 
Proposal 3: CoMP hypothesis should include resource allocation only for the receiving eNB, and it should be associated with a benefit metric to quantify the benefit obtained by the sending eNB if receiving eNB applies that resource allocation.  

Proposal 4: Benefit metric (associated with CoMP hypothesis) corresponding to receiving eNB resource allocation should be serving as one input for one eNB making muting decision, while the enhanced RNTP message shall be utilized as representing output of resource allocation of receiving eNB.

Proposal 5: Define an X2 message to exchange throughput profile between eNBs. Throughput profile is defined as the historical cell specific throughput per PRB within certain of period. 
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