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1. Introduction
In RAN#62 meeting, the WID proposal for inter-eNB CoMP for LTE was approved as [1]. The work item requires RAN3 and RAN1 to satisfy the following objectives.
RAN1 and RAN3:

· RAN3 to specify signalling of information to be identified by RAN1, for example:

· One or more sets of CSI reports (RI, PMI, CQI) of individual UEs
· One or more measurement reports (RSRP) of individual UEs 

· SRS received power of individual UEs

· User perceived throughput of individual UEs (see TR 36.814 as a reference)

· Resource utilization per cell 
· PF metric of individual UEs

· Enhanced RNTP-type information in frequency/time/power/spatial domain

· Enhanced ABS information in power and spatial domain

· QCI
· Indication of resource coordination result or resource coordination request
· Resource allocation in frequency/time/power/spatial domain

· Used configurations of reference signals, CSI processes and CSI-IM configurations
· Indication of coordination result or coordination request for reference signal configurations, CSI processes and CSI-IM configurations
· Specify necessary procedures related to the above.
RAN3:

Determine whether the above signalling shall be introduced to the X2 interface, or on a new interface if it cannot be supported by X2. 

In this document, to discuss the CoMP issue in RAN3 aspect, conceptual procedures for the centralized/distributed architectures and parameters to be exchanged among RAN nodes are provided.

2. Architecture Candidates
In RAN1 meetings, the centralized architecture and the distributed architecture have been discussed, and evaluated in performance aspects. This section proposes possible procedures based on those architectures.
2.1 Centralized Architecture
The centralized architecture assumes two options: one option is that the central coordination node (CCN) manages eNBs’ resources to apply the CoMP operations, and the other is that macro eNB coordinates resources of SeNBs located in its coverage area. To implement the CoMP mechanism, the common procedure depicted in Fig. 1 could be considered for two options.
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Fig. 1 Centralized signalling procedure for Inter-eNB CoMP.

The detailed roles and principles of each message in the procedure are as follows.

· CoMP Operation Request
· If an eNB feels severe DL interferences from neighbour cells, it invokes its central node (CCN or MeNB) to start the CoMP operation.

· When requesting the CoMP operation, the eNB can include the measured information (e.g. CSI, RSRP, SRS, etc.) or the PF metric of individual UE in the message.
· Information Request

· After receiving the CoMP Operation Request, the central node requests eNBs (or SeNBs) belonging to the CoMP cooperation cluster to send the measured information (e.g. CSI, RSRP, SRS, etc.) or the PF metrics for resource coordination.
· Resource Coordination Result

· The central node sends eNBs (or SeNBs) in the cluster the resource coordination result, which may include the information of frequency/time/power/spatial domain resource allocations.
· Resource status Update
· Through the resource status update procedure, the central node can check the usage status of resources assigned by the CoMP coordination.
In case of CCN based structure, more accurate definitions for CCN and a new interface connecting eNBs and CCN would be required. Instead, CCN is able to manage any sort of eNBs and does not rely on specific eNB distribution scenarios.

On the other hand, if one eNB plays a role of the central node for CoMP cluster, the inter-eNB CoMP operation can be implemented by modifying the current X2 specs. However, because the current definition of eNB seldom allows hierarchy among eNBs that one eNB manages other eNB’s resources, reconsideration about roles of eNBs is necessary. Regarding the energy saving issue in Rel-10, a macro eNB is capable to request pico eNBs to activate their cells in sleep mode. If the same principle is applied, in a MeNB and SeNB scenario MeNB would be able to coordinate its cluster SeNBs.
Observation 1: In case that CCN controls a CoMP cluster, new definitions for CCN and new interface are required. In contrast, in case of eNB controlling a CoMP cluster, we need to reconsider hierarchical roles of eNBs.
2.2 Distributed Architecture
The distributed CoMP operates between neighbouring two eNBs. For the distributed CoMP architecture, two kinds of methods, one-way signalling procedure and two-way signalling procedure, have been introduced in RAN1 meetings. Two methods are distinguished in point of whether eNBs operate through direct feedback between themselves or through indirect feedback.
2.2.1 One-way signalling procedure
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Fig. 2 Distributed one-way signalling procedure for inter-eNB CoMP.

The detailed of the one-way signalling procedure described in Fig. 2 are as follows.

1.  CoMP Operation Request

· If an eNB feels severe DL interferences from neighbour cells, it invokes its neighbour eNB to start the CoMP operation.

· When requesting the CoMP operation, the sending eNB can include the measured information (e.g. CSI, RSRP, SRS, etc.) or the PF metric of individual UE in the message.

2.  Resource Coordination 
· The eNB that received the CoMP Operation Request coordinates its resource for the CoMP operation, and does not send any message to the eNB that sent the CoMP Operation Request.

3.  Measurement Report

· UE served by the eNB that sent the CoMP Operation Request reports its eNB the measurement results regarding interferences from the neighbour eNB that received the CoMP Operation Request.

4.  The procedure from 1 to 3 is repeated until converging to the optimal status.

Observation 2: Whereas the distributed one-way signalling procedure needs only one X2 message, it has the disadvantage that eNB is difficult to efficiently exploit resources, because it does not know that which resources are muted or used in low power by its neighbour eNB.
2.2.2 Two-way signalling procedure
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Fig. 3 Distributed two-way signalling procedure for inter-eNB CoMP.

The detailed of the two-way signalling procedure described in Fig. 3 are as follows.

1.  CoMP Operation Request

· If an eNB feels severe DL interferences from neighbour cells, it invokes its neighbour eNB to start the CoMP operation.

· When requesting the CoMP operation, the sending eNB can include the measured information (e.g. CSI, RSRP, SRS, etc.) or the PF metric of individual UE in the message.

2.  Resource Coordination 

· The eNB that received the CoMP Operation Request coordinates its resource for the CoMP operation.
· It would be optional for the eNB to coordinate resources of the source eNB that sent the CoMP Operation Request.

3.  Resource Coordination Result

· After coordinating resources, the eNB sends the source eNB that sent the CoMP Operation Request the resource coordination result, which may include the information of frequency/time/power/spatial domain resource allocations.
· Optionally, the eNB would include the resource coordination result for the source eNB that sent the CoMP Operation Request in this message.
After the CoMP coordination, eNBs check the usage status of resources assigned by the coordination.
4.  Resource Status Request
5.  Resource status Update
· eNBs report the ratio of resources used actually to ones assigned through the CoMP coordination to its neighbor eNB that coordinated the resources.
The two-way signalling procedure may reuse the existing ABS procedure by updating information elements, and is expected to have more enhancements in performance aspect than the one-way signalling procedure for the reason mentioned in Observation 2. However, in spite of the simplicity of implementation, its performance improvement is still much less than the centralized CoMP architecture, evaluated in RAN1 meetings.
Observation 3: The distributed two-way signalling procedure may have better performance than the one-way signalling procedure, but it provides less performance enhancements than the centralized architecture.
3. Information to Be Exchanged

The primary purpose of resource coordination request is to provide some raw information for CoMP coordinated scheduling, e.g. from eNB to CCN. To archive this purpose, two approaches are under discussion: one is sending detailed information per UE including CSI reports (RI, PMI, CQI), RSRP, SRS power, UPT, and QCI; and the other is exchanging only utility metric, e.g. PF metric of a best representative UE to be scheduled per frequency/time resource. Our view is that the latter option is sufficient to be shared, because the main purpose of sharing such information is to have resource coordination between eNBs, not to have final scheduling decisions for individual eNBs. Moreover, the utility metric can be used for the purpose to notify the coordination result, e.g. from CCN to eNB.
It should be noted that such simplified preference rating information per certain frequency/time resource map is desired to be signaled along with an indication of the assumed CoMP hypothesis. Here, a CoMP hypothesis means an assumption of eNBs’ behaviors in the CoMP cluster, e.g. eNB1 muting, eNB2 non-muting, and so on, which can be easily represented by a pre-defined NW-CSI-IM index, or an explicit power allocation list of individual eNBs, as illustrated in Fig 4.
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Fig. 4 Unified backhaul signaling for CoMP coordination for a frequency/time resource map

Observation 4: The utility metric is a good implementing option to be used for the purpose to notify the coordination request and result in signalling overhead aspect.
4. Conclusion
From the discussion above, the following observations are listed.
Observation 1: In case that CCN controls a CoMP cluster, new definitions for CCN and new interface are required. In contrast, in case of eNB controlling a CoMP cluster, we need to reconsider hierarchical roles of eNBs.
Observation 2: Whereas the distributed one-way signalling procedure needs only one X2 message, it has the disadvantage that eNB is difficult to efficiently exploit resources, because it does not know that which resources are muted or used in low power by its neighbour eNB.

Observation 3: The distributed two-way signalling procedure may have better performance than the one-way signalling procedure, but it provides less performance enhancements than the centralized architecture.
Observation 4: The utility metric is a good implementing option to be used for the purpose to notify the coordination request and result in signalling overhead aspect.
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