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1. Introduction
In RAN1#76bis meeting, the following agreement was made, which includes CoMP hypotheses, benefit metric, and RSRP measurement reports.
· 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
· RSRP measurement reports of one or more UEs
· RAN1 guidance to RAN3:

· Time domain granularity of the signaling: event triggered or periodic exchange, with periodicities 120, 240, 480, 640 ms.
· Mechanism to provide RSRP report upon request from an eNB should be made available
· Per cell in sending eNB identified by cell ID:

· Per UE identified by a UE ID, e.g. eNB-UE-X2-APID:

· One or more set(s) of {RSRP and cell ID} (maximum number of set(s) equals eight)

· Note: CoMP signalling needs to be associated with a carrier frequency identity. 

In this document, we introduce signaling procedures for the centralized/distributed architectures and parameters to be exchanged among eNBs based on RAN1 decision.
2. Architecture Candidates
2.1 Centralized Architecture
The centralized CoMP architecture is applied when more than 2 eNBs are grouped together. A CoMP cluster usually consists of a macro cell and several pico cells. Figure 1 shows the centralized CoMP signalling procedure based on the LOAD INFORMATION message.
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Fig. 1 Centralized signalling procedure for inter-eNB CoMP.

Description of each message in the centralized CoMP procedure:
0.  Measurement Report
· UE reports the measurement results to its eNB.
· The eNB makes a decision to request the CoMP operation.
1.  LOAD INFORMATION (Invoke Indication, Benefit Metric, RSRP measurement)

· The eNB requests a macro eNB to initiate the CoMP procedure, using the Invoke Indication.

· Requesting the CoMP procedure, the eNB can provide its Benefit Metric and RSRP measurement results.
2.  LOAD INFORMATION (Invoke Indication)

· The macro eNB asks eNBs of the CoMP cluster to send their Benefit Metric and RSRP measurement results, using the Invoke Indication.
3.  LOAD INFORMATION (Benefit Metric, RSRP measurement)
· Each eNB sends its Benefit Metric and RSRP measurement results to the macro eNB.

4.  LOAD INFORMATION (CoMP Hypotheses)

· The macro eNB coordinates resources for eNBs in the CoMP cluster based on the received information.
· It sends the CoMP Hypotheses for whole eNBs to each eNB.

2.2 Distributed Architecture
The distributed CoMP architecture is applied among neighbouring two eNBs. Figure 2 shows the distributed CoMP signalling procedure based on the LOAD INFORMATION message.
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Fig. 2 Distributed signalling procedure for inter-eNB CoMP.

Description of each message in the distributed CoMP procedure:

0.  Measurement Report

· UE reports the measurement results to eNB1.

· The eNB1 makes a decision to request the CoMP operation.

1.  LOAD INFORMATION (Invoke Indication, Benefit Metric, RSRP measurement)

· The eNB1 requests a neighbour eNB2 to initiate the CoMP procedure, using the Invoke Indication.

· Requesting the CoMP procedure, the eNB1 provides its Benefit Metric and RSRP measurement results.

2. LOAD INFORMATION (CoMP Hypotheses)

· The neighbour eNB2 coordinates resources for eNB1 and eNB2 based on the received information.

· It sends the CoMP Hypotheses for eNB1 and eNB2 to eNB1.

3. Text Proposal

To support the basic signaling procedures for the centralized and distributed CoMP operation, the following modifications for TS 36.423, [2], is proposed.
==================================< 1st modification start >=================================
9.1.2.1
LOAD INFORMATION

This message is sent by an eNB to neighbouring eNBs to transfer load and interference co-ordination information. 

Direction: eNB1 ( eNB2.

	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	9.2.13
	
	YES
	ignore

	Cell Information
	M
	
	
	
	YES
	ignore

	>Cell Information Item
	
	1 .. <maxCellineNB>
	
	
	EACH
	ignore

	>>Cell ID
	M
	
	ECGI

9.2.14
	Id of the source cell
	–
	–

	>>UL Interference Overload Indication
	O
	
	9.2.17
	
	–
	–

	>>UL High Interference Information
	
	0 .. <maxCellineNB>
	
	
	–
	–

	>>>Target Cell ID
	 M
	
	ECGI

9.2.14
	Id of the cell for which the HII is meant
	–
	–

	>>>UL High Interference Indication
	M
	
	9.2.18
	
	–
	–

	>>Relative Narrowband Tx Power (RNTP)
	O
	
	9.2.19
	
	–
	–

	>>ABS Information
	O
	
	9.2.54
	
	YES
	ignore

	>>CoMP Information
	O
	
	9.2.x
	
	YES
	ignore

	>>Invoke Indication
	O
	
	9.2.55
	
	YES
	ignore


==================================< 1st modification end >==================================
==================================< 2nd modification start >=================================
9.2.55
Invoke Indication

This IE provides an indication about which type of information the sending eNB would like the receiving eNB to send back.

	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	Invoke Indication
	M
	
	ENUMERATED (ABS Information, CoMP Initiation, CoMP Information…)
	ABS Information: To request the ABS operation

CoMP Initiation: To initiate the CoMP procedure

CoMP Information: To request the CoMP Material


==================================< 2nd modification end >==================================
====================================< addition start >=====================================

9.2.w
CoMP Information

This IE provides information for the CoMP operation, which may contain the CoMP Material to be used for resource coordination or the CoMP Result to indicate the resource coordination results.

	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	CHOICE CoMP Information
	M
	
	–
	–

	>CoMP Material
	
	
	–
	–

	>>Benefit Metric
	M
	
	9.2.x
	

	>>RSRP Measurement
	O
	
	9.2.y
	

	>CoMP Result
	
	
	–
	–

	>>CoMP Hypotheses
	M
	
	9.2.z
	

	>>CoMP Starting Point
	M
	
	
	SFN sync information

	>>Time Period for CoMP Material
	M
	
	ENUMERATED (5, 10, 20, 40, 80, …)
	

	>>CHOICE Time Period for CoMP Hypotheses
	M
	
	
	

	>>>Periodic
	
	
	
	

	>>>>Time Period
	M
	
	ENUMERATED (5, 10, 20, 40, 80, …)
	

	>>>Aperiodic
	
	
	
	

	>>>>Time Limit
	
	
	INTEGER (0..1024)
	Unit is ms, and until the indicated value the CoMP Hypotheses is valid. If the value is ‘0’, the CoMP Hypotheses is valid until next CoMP Hypotheses is provided.

	>CoMP Inactive
	M
	
	NULL
	Indicates that interference coordination by means of CoMP is not active


9.2.x
Benefit Metric
This IE provides information to be used for resource coordination for the CoMP operation.

	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	Benefit Metric
	M
	1 .. <maxCoMPCandidates>
	–
	–

	>Muting Info
	M
	1 .. <maxCellsforCoMPCluster>
	–
	–

	>>Global Cell ID
	M
	
	ECGI

9.2.14
	

	>>Muting
	M
	
	ENUMERATED (0, 1, …)
	‘0’ means the corresponding cell mutes, and ‘1’ means the corresponding cell does not mute.

	>Benefit Info
	M
	
	–
	–

	>>Subframe
	M
	1 .. <maxSubframesforCoMP>
	–
	–

	>>>RB
	M
	1 .. <maxRBs>
	–
	–

	>>>>Benefit
	M
	
	BIT STRING (SIZE(10))
	Denote the amount of benefit for each RB when the CoMP candidate is applied.


9.2.y
RSRP Measurement
This IE provides information to be used for resource coordination for the CoMP operation.

	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	UEs
	M
	1 .. <maxUENumber>
	
	

	>C-RNTI
	M
	
	BIT STRING (SIZE (16))
	C-RNTI contained in the RRC Re-establishment Request message (TS 36.331 [9])

	>RSRP Measurement
	M
	1 .. <maxCellsforCoMPCluster>
	
	

	>>Global Cell ID
	M
	
	ECGI

9.2.14
	

	>>RSRP Result
	M
	
	INTEGER (0..97)
	This IE is defined in TS 36.331 [9].


9.2.z
CoMP Hypotheses
This IE provides the CoMP Hypotheses to indicate the resource coordination results for CoMP operation.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	CoMP Hypotheses
	M
	1 .. <maxCellsforCoMPCluster>
	–
	–

	>Cell ID
	M
	
	–
	–

	>Subframe
	
	1 .. <maxSubframesforCoMP>
	–
	–

	>>RB
	M
	1 .. <maxRBs>
	–
	–

	>>>Muting
	M
	
	ENUMERATED (0, 1, …)
	


====================================< addition end >=====================================

4. Things to Be Considered
RAN1 agreement left the reaction to a received CoMP hypothesis as an implementation.
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.
In the description above, what RAN3 needs to consider is a feedback part, yes/no, to the coordinating node, because sending a feedback affects the overall CoMP signaling procedure. Especially, in the centralized architecture, if an eNB rejects the received CoMP hypothesis, the total CoMP performance will decrease. Moreover, to notify the intention of rejection to other eNBs, a considerable time delay is not avoidable. Therefore, RAN3 should discuss more a feedback for the received CoMP hypothesis.
5. Conclusion
Based on the discussion, we provide two proposals.
Proposal 1: Consider the provided CoMP signaling procedure and the stage 3 TP to standardize CoMP.
Proposal 2: More discussion on a feedback for the received CoMP hypothesis is required.
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