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1 Introduction

In RAN3 #84 the following main agreements were reached for the WI on Inter-eNB CoMP for LTE [1]:

· CoMP hypothesis  and Benefit Metric associated with hypothesis will be exchanged via Load  Indication  procedure
· RSRP measurements report for one or more UE will be exchanged  via Resource Status Reporting procedure
RAN3 #84 way-forward on WI on Inter-eNB CoMP for LTE [1] has a few items identified as open for FFS.  In this contribution we discuss our view of some these items. 
2 Time validity of CoMP Hypothesis  
CoMP Hypothesis includes a hypothetical time and frequency domain resource allocation for a collection of cells.  Two factors create variation in the time at which the message is ready to be interpreted: 

1. Non-ideal backhaul delays – different eNBs may receive the message at different times

2. Coordination reached after multiple rounds: As benefit metrics exchanged act as inputs to coordination, the final resource allocation after coordination may be reached after more than one step exchange of messages.  

In either case, it is important that all coordinating cells have an unambiguous interpretation of the time-validity of the CoMP hypotheses.
Specifying a starting SFN and starting subframe in the radio-frame relative to the sender cell as part of the CoMP Hypothesis can help synchronize the start of the coordination.  If the starting SFN is sufficiently in the future, all participating cells can make use of the information to carry out coordination.  
Yet, although synchronization is achieved by sharing only the starting SFN and subframes of the CoMP hypothesis between cells, the benefit metric associated with the CoMP hypothesis may crucially depend on the intended duration of the CoMP Hypothesis. For example, a CoMP hypothesis that has a given cell not transmitting for 80% of the resources may result in much lower benefit to it if applied indefinitely but may be acceptable if valid only for a few  radio frames. 

Consequently in addition to including starting SFN and subframe, it is also useful for a CoMP Hypothesis to identify the termination of the validity.  The guidance from RAN1 LS [2] recommends include of time-validity when the CoMP Hypothesis is configured to be aperiodic. 

A simple way to provide the time-validity is to identify a starting SFN, an initial subframe in the radio-frame, and a SubframeCount for which the hypothesis is valid beginning at the starting subframe
Proposal: Inter-eNB CoMP signaling for CoMP-hypothesis and benefit metric exchange may include their validity times in the form of  starting SFN at  the sender cell, initial subframe in the radio-frame, and an optional a count of subframes for which the CoMP-hypothesis is assumed to be valid. 
A special value of SubframeCount, such as -1 can be interpreted to mean indefinite validity. A CoMP Hypothesis is expected to be repeatedly applicable during the specified time-validity.
3 CoMP Hypothesis resource allocation in use at Sender
There is dual purpose of CoMP Information exchange, namely (1) to convey candidate CoMP Hypothesis and their benefit information as well as (2) to facilitate coordination in time and frequency domain.   Based on agreement captured in the LS from RAN1 a CoMP Hypothesis and the benefit metric associated with it are conveyed such that the exchange is decoupled from any commitment to the use of any specific resource allocation by the recipient cell. This way of operation allows multiple benefit metrics to be computed and exchanged for decision making under Inter-eNB CoMP. 
Yet, considering the second purpose of the exchange, namely coordination,  it is useful for the sender cell to be able to indicate whether  it is actually using the resource allocation  included in a CoMP hypothesis or not.   Also this is only applicable when the sender cell is included as part of the CoMP Hypothesis. An explicit IE indicating the use of the resource allocation for the sender is cell is useful.
A possible way to accomplish this is by inclusion of  an ‘In-Use-Status’ flag IE in the CoMP Hypothesis, that applies only to the resource allocation of the sender cell if included. 
Proposal: Inter-eNB CoMP signaling for CoMP-hypothesis and benefit metric exchange should provide an ‘In-Use-Status’ for the sender cell to indicate if the resource allocation for the sender cell, if  included in the CoMP-hypothesis, is being used in the time-validity specified. 
If set to true, the In-Use-status will indicate that the sender cell shall follow the resource allocation. If set to false, no such commitment would be made by the sender cell.  
4  Transmit Power Threshold to specify CoMP Hypothesis
The provided guidance from RAN1 [2] describes a CoMP-Hypothesis as a hypothetical resource allocation for one cell in time and frequency where the cell is not necessarily controlled by the receiving eNB.  Coordinated scheduling via CoMP can be thought of as enabling dynamic version of Inter-cell Interference Coordination on the downlink. 
An established way to specify resource allocation for Inter-cell Interference Coordination is to provide guarantees on limits of transmit power at a frequency-granularity of Physical Resource Block (PRB) and a time-granularity of subframe. Such limits on transmit Power can be specified by a threshold applied to the normalized Energy Per Resource Element (EPRE) of a PRB.   As an example, the Release 8 ICIC mechanism of Relative Narrowband Transmit Power (RNTP) specifies resource allocation as a bit string applied at a PRB granularity (bit string specification is provided in TS 36.423 Section 9.2.19 [5]). The bit string computation for RNTP is specified in TS 36.213[3].  

A resource allocation therefore can specify whether the transmit EPRE (normalized, see 36.213 [3]) exceeds the threshold in given PRB and subframe. 

Proposal: CoMP Hypothesis resource allocation for a PRB in a subframe may be indicated as a bit specifying if the normalized Tx EPRE exceeds a threshold on Relative Narrowband Transmit Power. The threshold can be commonly applied to all PRBs and subframes in the CoMP Hypothesis. 
The interpretation of the bit-string is such that value 0 indicates "Tx power does not exceed threshold".  And Value 1 indicates "no promise on the Tx power is given”.  Setting the threshold to be –infinity would correspond to the cell not transmitting in that PRB. 
5 Conclusion
We have outlined  some important aspects needed to improve the mechanisms for  exchange of CoMP Hypotheses with benefit metrics as per the guidance of RAN1 LS[2] and agreement reached in RAN3#84  [1].
Proposal: Inter-eNB CoMP signaling for CoMP-hypothesis and benefit metric exchange may include their validity times in the form of  starting SFN at  the sender cell, initial subframe in the radio-frame, and an optional a count of subframes for which the CoMP-hypothesis is assumed to be valid . 

Proposal: Inter-eNB CoMP signaling for CoMP-hypothesis and benefit metric exchange should provide an ‘In-Use-Status’ for the sender cell to indicate if the resource allocation for the sender cell, if  included in the CoMP-hypothesis, is being used in the time-validity specified.  
Proposal: CoMP Hypothesis resource allocation for a PRB in a subframe may be indicated as a bit specifying if the Tx EPRE exceeds a threshold on Narrowband Transmit Power. The threshold can be commonly applied to all PRBs and subframes in the CoMP Hypothesis.
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