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1 Introduction

During RAN1 meeting #76bis, RAN1 has identified the signaling for Inter-eNB eCoMP and asked RAN3 to consider its feasibility and to work on the details [1].
The inter-eNB signaling consists of three components and need to be associated with a carrier frequency identity:

· CoMP hypothesis (a hypothetical resource allocation associated with a cell)

· Benefit Metric associated with hypothesis

· RSRP measurements report for one or more UE

In this contribution, we discuss the X2AP signaling enhancements necessary for the exchange of CoMP hypothesis accompanied by benefit metric, following the RAN1 guidance in [1].
2 CoMP Hypothesis and ‘CoMP Hypothesis Group’
The LS from RAN1 towards the RAN3 eCoMP WI [1] provides guidelines for eCoMP signaling including the definition of CoMP hypotheses and benefit metric 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

· 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 guidance to RAN3 on necessary granularity and rate of CoMP hypothesis in time/frequency domain:

· Signaling period: RAN1’s recommendation is 5, 10, 20, 40, 80 ms or aperiodic 

· If aperiodic, a validity period for the information should be included

· RAN3 to specify the exact periodicities taking into account limitation of existing X2 interface

· Per RB with time granularity per cell

· Time granularity could be one or multiple subframe level

· 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
· The range of benefit metric in the X2 message should be specified
· The method of deriving the cell-specific benefit metric is up to each eNB implementation
· RAN1 guidance to RAN3:
· Necessary time/frequency granularity and signaling period: Same as the associated CoMP hypothesis/es
· CoMP signaling needs to be associated with a carrier frequency identity. 

Two main definitions can be extracted from the provided guidance from RAN1 [1]. 

1. CoMP-Hypothesis: A CoMP-Hypothesis is a hypothetical resource allocation for one cell. The cell is not necessarily controlled by the receiving eNB

2. Benefit Metric: A benefit metric can be attached to one CoMP-hypothesis or multiple CoMP-Hypotheses. For unambiguous interpretation, instead of the plural ‘CoMP Hypotheses’ , we use the term ‘CoMP Hypothesis Group’ when referring to the collection of CoMP-hypothesis for which a single benefit metric is attached.

Furthermore, we adopt that a resource allocation for a cell consists of limits on transmit power at a frequency-granularity of Physical Resource Block (PRB) and at a time-granularity of a subframe. An established way to represent limits on transmit Power is to specify a Relative Narrowband Transmit Power threshold (RNTP-threshold) on a PRB level as defined in 36.213[2]. A resource allocation therefore specifies whether the transmit EPRE (normalized, see 36.213 [2]) exceeds a threshold in given PRB and subframe. 

Based on the above considerations, a schematic of a potential IE that contains information related to one CoMP Hypothesis Group and related benefit metric is depicted in Figure 1.  
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Figure 1: CoMP Hypothesis Groups:  Each cell in a CoMP-Hypothesis Group is identified by cell ID. One CoMP-Hypothesis group is associated with one benefit metric and a common bitmap of subframes where the Hypothesis group is assumed to be valid
Further description of the content of the items in the schematic is provided in Table 1 in the next section.
3 X2AP Procedure for CoMP Hypothesis exchange  

New X2AP procedure is recommended to support CoMP-hypothesis signaling exchange between eNBs. A new procedure is useful because the CoMP hypothesis signaling includes hypothetical future resource allocations and estimations of related future benefit metric. Therefore, the signaling does not fit into existing procedures like Load Indication or Resource Status reporting, which carry information about past or about real resource allocations.
Proposal 1: Inter-eNB CoMP signaling for CoMP hypothesis and related benefit metric exchange should be enabled via new global procedures.
Secondly, given the RAN1 guidance that the response to CoMP-hypothesis signaling is left to eNB implementation, a Class 2 global procedure seems appropriate. 

Proposal 2: Inter-eNB CoMP signaling for CoMP hypothesis and benefit metric exchange should use a Class 2 X2AP procedure. 

An optional request for response from the receiving eNB can be implemented via including a ‘CoMP Hypotheses Invoke Indication’ IE in the new procedure.  In response to the ‘CoMP Hypotheses Invoke Indication’, the recipient eNB may reply with a CoMP Hypotheses message containing the associated benefit metric for the receiver cell. 

Proposal 3: A ‘CoMP Hypotheses Invoke Indication’ should be included as part of the message in the new procedure.
The RAN1 guidelines are designed to facilitate implementation of interference coordination algorithms. One key consideration for signaling is, therefore, unambiguous interpretation of the time and frequency resource allocation included in a CoMP Hypothesis under potentially different backhaul delays on different links.  This consideration suggests that the procedure should specify activation and validity times. Similar to ABS INFORMATION message, the validity time can be conveyed to a radio frame granularity relative to the System Frame Number (SFN) at the sender cell. Similar to ABS INFORMATION, the subframe granularity can be achieved by interpreting the resource allocation message start to be subframe 0 in the radio frame.
Proposal 4: Inter-eNB CoMP signaling for CoMP-hypothesis and benefit metric exchange should include their validity times in the form of SFN at the sender cell. 
The possible nomenclature and broad description for signaling of CoMP-Hypothesis and benefit metric is captured in Table 1. The new procedure is dubbed ‘CoMP Hypotheses’. A possible call flow is indicated in Figure 2. 
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Figure 2: CoMP Hypotheses procedure:  A Class 2 global procedure carrying CoMP Hypotheses and Benefit Metric 

Table 1 Contents of the ‘CoMP Hypotheses’ message
	Possible Name
	Remarks

	Sender cell ID
	ECGI for sender cell  (controlled by sender eNB)

	Receiver cell ID
	ECGI for receiver cell (controlled by receiving eNB)

	CoMP Hypothesis Group
	Contains
· A collection of ‘CoMP Hypothesis Resource Allocation’ IEs, where each entry corresponds to one cell ID. These cell IDs may or may not include cells controlled by sender or receiver eNBs.

· A common bitmap of subframes where the CoMP Hypothesis Resource Allocation IEs are assumed to be applicable. Length of this bitmap indicates the repetition period. 

· A single Benefit Metric IE that corresponds to the benefit metric seen by  the ‘sender cell’ assuming the CoMP Hypothesis Group is valid
A CoMP HYPOTHESES message may contain more than one CoMP Hypothesis Group.

	CoMP Hypothesis Resource Allocation
	Represents a CoMP-Hypothesis as intended in the RAN1 LS [1].

Contains:

· A cell ID

· A pair {RNTP Threshold, Bitmap of PRBs}

	Benefit Metric
	Contains a non-negative integer for each Hypothesis Group

	CoMP Hypotheses Invoke Indication
	Contains a Boolean flag which specifies a non-binding request for a response with benefit metric for the receiver cell ID for the same CoMP Hypothesis Group(s).

	Activation Validity
	Contains {SFN_Begin, SFN_Count}. SFN_Begin Indicates the System Frame Number (SFN) of sender cell at which the CoMP Hypotheses message is assumed to become applicable.  SFN Count is the number of radio frames starting from SFN_Begin, for which the message is valid.  When SFN_ Count is set to zero, the allocation is assumed to be periodic and indefinitely valid.


Note that, if the cell ID is known the corresponding carrier frequency can be obtained and does not need to be signaled explicitly.
4 Further Discussion
4.1 Activation Status of CoMP Hypothesis Resource Allocation
A main consideration to convey the benefit metric associated with a CoMP Hypothesis is that the exchange should be decoupled from any commitment to the use of any specific resource allocation. This way of operation allows multiple benefit metrics to be computed and exchanged for decision making under Inter-eNB CoMP. This consideration indicates that the new procedure should be able to specify whether the resource allocation is hypothetical or real. A possible way to accomplish this is by inclusion of  an ‘Activation Status’ flag IE in the CoMP Hypothesis Resource Allocation IE.  
Table 2 Potential Enhancement: Providing an ‘Activation Status’ as part of the CoMP Hypothesis Resource Allocation for a cell
	Item
	Possible Name
	Remarks

	IE

	Activation Status 
	Identified as a Flag. If false, the CoMP Hypothesis Resource Allocation is a ‘hypothetical’ allocation. If true, the CoMP Hypothesis Resource Allocation IE represents actual resource allocation for the associated cell. 


4.2 N-tuple for Benefit Metric 

Benefit metric is intended to represent the benefit the sender of the CoMP Hypotheses receives, assuming the CoMP Hypotheses are applied. The interpretation of the benefit metric has been left to implementation but it is expected to represent performance metrics such as throughputs, utility, delay, buffer size and impact of QoS. Given the potential usefulness in conveying multi-dimensional performance metrics, it is preferred that the benefit metric be allowed to be an n-tuple instead of a single scalar.  This is important because although no implementation or interpretation of the benefit metric is specified, a monotonicity of behavior – where larger values represent higher benefit – is widely understood.  
Table 3 Potential Enhancement: Benefit Metric as an N-tuple

	Item
	Possible Name
	Remarks

	IE
	Benefit Metric
	N-tuple of integers


5 Conclusion
We have outlined possible way for enabling exchange of CoMP Hypotheses with benefit metrics as per the guidance of RAN1 LS [1].
Proposal 1: Inter-eNB CoMP signaling for CoMP-hypothesis and related benefit metric exchange should be enabled via new global procedures.

Proposal 2: Inter-eNB CoMP signaling for CoMP hypothesis and benefit metric exchange should use a Class 2 X2AP procedure. 

Proposal 3: A ‘CoMP Hypotheses Invoke Indication’ should be included as part of the message in the new procedure.
Proposal 4: Inter-eNB CoMP signaling for CoMP-hypothesis and benefit metric exchange should include their validity times in the form of SFN at  the sender cell. 
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