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1
Introduction

In [2] RAN3 received a reply from RAN1 specifying the parameters that may be signalled over X2 for the support of Inter eNB CoMP with non-ideal backhaul. These parameters are:
· CoMP hypothesis

· Benefit metric

· RSRP measurement

RAN1 requested RAN3 to perform a feasibility study with respect to the parameters above suggested by RAN1 for inter eNB signalling. In this paper it is studied whether signalling of parameters proposed by RAN1 is feasible and how these parameters could be exchanged over X2.
2
Feasibility Study  
At RAN plenary #63, the scope of the Inter eNB CoMP for LTE in non Ideal Backhaul WI was limited to signalling over the X2 interface (see [1]), instead of a new interface.  Consequently, we should focus on implementing the RAN1 agreed parameters for X2AP signalling, where the usage of this signalling is implementation dependent. The signalling should be flexible to allow different implementations (e.g. in a centralized or distributed scheme).
Conclusion 1: RAN3 should focus on implementing the RAN1 agreed parameters for X2AP signalling, where the usage of this signalling is implementation dependent.

With the above conclusion in mind the list of parameters provided by RAN1 can be analysed.

2.1
CoMP Hypothesis  

The first parameter proposed by RAN1 is called CoMP Hypothesis and it is defined in [2] as follows:
“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”
The CoMP Hypothesis is supposed to communicate to an eNB that, under the hypothesis that power is reduced on certain resources, there would be a certain hypothetical benefit (indicated by the Benefit Metric IE) for the source eNB UEs served by the indicated Cell ID. An eNB  can send a CoMP Hypothesis concerning cells for which such hypothetical resource allocation can be determined, allowing the receiving eNB to react upon such request and manage its resources accordingly. 
In [2] the following is mentioned:

“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.”

It shall be reminded that the eCoMP function is aimed at reduction of DL interference for cell border UEs. 
Instances of functions and signalling messages aimed at coordinating reduction of interference already exist. In fact, the X2: LOAD INDICATION procedure is used to enable UL interference mitigation (by means of UL Interference Overload Indication and UL High Interference Indication) and DL interference mitigation (in the form of ABS Information and Invoke Indication). In neither of these cases the indication from victim eNB of high interference experienced is met with a response message acknowledging an assumed behaviour in aggressor eNB. 

This is because the Load Indication procedure is a Class 2 procedure, which was deliberately chosen to maintain the peer to peer nature of the X2 interface and to allow for frequent signalling.

As an example, let’s consider the UL interference mitigation function, for which the Load Indication procedure provides two key information components:

· UL Interference Overload Indication: Per PRB indication of UL interference experienced by an eNB’s cell (e.g. victim cell)
· UL High Interference Indication: Per PRB assumption (or hypothesis) on whether a receiving eNB’s cell will experience high/low UL interference
In the above mechanism for UL interference coordination there is no Class 1 procedure involved, given that the X2: LOAD INFORMATION procedure is Class 2.
The same approach should be followed with eCoMP by reusing the X2: LOAD INDICATION procedure. Namely:

· CoMP Hypothesis IE and Benefit Metric IE can be sent in X2: LOAD INDICATION as indication from sending (victim) eNB’s cell of high DL interference and benefit estimation if mitigation actions are taken

· RNTP IE (already existing) with opportunely set RNTP Threshold IE can be sent via X2: LOAD INFORMATION message from aggressor eNB to victim eNB in order to indicate the resource allocation policy adopted to mitigate interference 
Conclusion 2: Reuse of the X2 Load Indication procedure to send CoMP Hypothesis IE (and Benefit Metric IE) is feasible and in line with other interference mitigation techniques.
2.2
Benefit Metric  

The Benefit Metric IE is an indication of the hypothetical benefit that a sender eNB would gain if the receiving eNB adopted the resource allocation policy suggested in the CoMP Hypothesis IE.
Logically, only the node that serves the UEs affected by DL interference would be able to calculate the Benefit Metric IE appropriately because this node is aware of the full service and channel condition of such UEs. Moreover, CoMP Hypothesis and Benefit Metric are connected one to the other and should be sent as a pair. Therefore, the following can be concluded:
Conclusion 3: The Benefit Metric IE shall be calculated and sent by the eNB serving the UEs for which the CoMP benefit was calculated. CoMP Hypothesis and Benefit Metric shall both be present on a message to a peer eNB 
2.3
RSRP measurement reports of one or more UEs  

RSRP measurements are needed to infer the channel conditions of UEs in need of interference protected resources.

As an example, a Pico eNB may be serving a number of UEs in need for interference mitigation via eCoMP coordination. The Pico eNB may collect RSRP measurements towards the serving cell and towards an aggressor Macro cell in a Macro eNB. 

The Pico eNB may send the RSRP measurements together with CoMP Hypothesis and Benefit Metric to the aggressor Macro eNB in order to achieve a better adjustment of transmission power in the Macro cell (i.e. Macro eNB can judge the amount of power reduction by means of comparing serving and aggressor RSRP measurements).

Given that the serving eNB has a full understanding of whether and when signal strength conditions are changing for its own UEs, it is up to the serving eNB to decide to send RSRP measurements with higher or lower frequency. Namely, if signal strengths reported by serving eNB’s UEs change frequently and if serving eNB estimates that it is beneficial to signal such changes to other eCoMP involved eNBs, the serving eNB should be free to do so.
On the contrary, a non serving eNB would have no knowledge of whether SIR conditions for UEs in a neighbour eNB are changing. Hence it would not be appropriate for a non serving eNB to force a request for RSRP measurements given that a non serving eNB has no information on whether such an update is needed.
Conclusion 4: RSRP measurements signalling shall be triggered by the eNB serving the measuring UEs. A class 2 procedure such as X2 Load Indication is feasible for such signalling

Note: at this stage periodic reporting seems not needed. However, it has to be further checked whether this is needed in order to match RAN1 requirements while being consistent with current signalling principle.

2.4
Signalling Period for CoMP Hypothesis and Benefit Metric  

If a Class 2 procedure approach based on e.g. procedures such as the X2 Load Indication is followed, signalling periodicity would not be needed because it is up to the sending node to decide when it is opportune to refresh the information provided. 

Namely, in the interest of minimising signalling load the sending eNB should be in control of deciding when signalling of new information is needed due to e.g. such information having changed.

Indeed, this is the way current information sent via the Load Indication procedure are refreshed, i.e. refreshing via new signalling is up to the sending eNB.

Moreover, given the variable delays and jitters the X2 interface is subject to (as already highlighted in [3]), declaring a specific period may be misleading in cases when variable backhaul performance does not allow to respect the declared period.
Hence, it can be acknowledged that signalling periodicity proposed by RAN1 can be achieved, but such information does not need to be carried in X2 signalling messages.

Conclusion 5: In a class 2 procedure architecture signalling periods do not need to be signalled because it is up to the sending eNB to refresh information via new instances of a Class 2 message

Note: at this stage periodic reporting seems not needed. However, it has to be further checked whether this is needed in order to match RAN1 requirements while being consistent with current signalling principle
3
Conclusions
In this paper a feasibility analysis of the suggestions made by RAN1 in [2] was carried out. A number of conclusions were made, which are listed below:
Conclusion1: RAN3 should focus implementing the RAN1 agreed parameters for X2AP signalling, where the usage of this signalling is implementation dependent.
Conclusion 2: Reuse of the X2 Load Indication procedure to send CoMP Hypothesis IE (and Benefit Metric IE) is feasible and in line with other interference mitigation techniques.

Conclusion 3: The Benefit Metric IE shall be calculated and sent by the eNB serving the UEs for which the CoMP benefit was calculated. CoMP Hypothesis and Benefot Metric shall both be present om a message to a peer eNB
Conclusion 4: RSRP measurements signalling shall be triggered by the eNB serving the measuring UEs. A class 2 procedure such as X2 Load Indication if feasible for such signalling
Conclusion 5: In a class 2 procedure architecture signalling periods do not need to be signalled because it is up to the sending eNB to refresh information via new instances of a Class 2 message

It is suggested that the above conclusions are taken as working assumptions before moving to discussions on how eCoMP signalling solutions can be designed
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