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1
Introduction   


RAN1 has identified the necessary signalling information to support inter-eNB CoMP, and has requested RAN3 to “consider the feasibility of the signalling over X2 and to work on the details in Rel-12” [1].

In this contribution, we propose a harmonized signaling framework that supports both distributed and centralized coordination over X2, based on the decisions made by RAN1 [1] and RAN Plenary [2].
2 
Signalling design for inter-eNB CoMP
The signaling between eNBs over the X2 interface can be as shown in Figure 3 for both distributed and centralized coordination.
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Figure 3: harmonized signaling flow for inter-eNB CoMP
At step 3, if the info type is Benefit Metric, then the type-specific info includes:

-
Benefit Metric associated with cells controlled by the receiving eNB (only), in case of distributed coordination; or

-
Benefit Metric associated with cells controlled by the receiving eNB, and/or the sending eNB, and/or other eNBs, in case of centralized coordination.
At step 5, the CoMP hypothesis info includes:

-
resource allocation decision for cells controlled by the sending eNB (only), in case of distributed coordination; or
-
resource allocation recommendation for cells controlled by the receiving eNB, and/or the sending eNB, and/or other eNBs, in case of centralized coordination.
Otherwise, the signaling requirements for both distributed and centralized coordination are very similar. In the following subsections, the needed signaling information is analyzed in more detail.
2.1
CoMP hypothesis

Based on RAN1 agreement, the most important information element in a CoMP hypothesis is the resource allocation on a certain cell. Strictly speaking, resource allocation refers to whether some resource (PRB) is allowed to be used for PDSCH transmission from a cell. In a broad sense, resource allocation could refer to different aspects, including the transmission power or beam selection on a certain PRB. However, in the eCoMP SI phase, a majority of companies simulated CoMP schemes with muting of PRBs. The other resource allocation types, e.g. lower transmission power beam selection, were not thoroughly evaluated and it is hard to say how much gain it can provide. Therefore we propose to define resource allocation as “muting per PRB” on a certain cell. 
Proposal 1:
A CoMP Hypothesis is a DL resource allocation (“muting per PRB”) associated with a Cell ID.
RAN1 has agreed that “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” [1]. It is left to RAN3 to decide whether feedback/response can be provided. Based on RAN1 discussion, no strong use case has been found using the feedback/response of a CoMP hypothesis. Therefore, RAN3 should agree to convey the CoMP hypothesis (step 5 of Figure 3) using a Class 2 procedure. The Load Indication procedure is an existing Class 2 procedure that could be reused for this purpose.
Proposal 2:
Signaling of the resource allocation decision (“CoMP hypothesis information”) is achieved via Class 2 procedure, reusing the Load Indication procedure.
One important factor to consider in the signaling design is the backhaul jitter. It is widely recognized that CoMP hypothesis is sensitive to the backhaul jitter since it is about the resource allocation at a particular time. The arrival time of a CoMP hypothesis may vary due to the backhaul jitter, so time information is needed to indicate when the CoMP hypothesis is valid. For example, a “time stamp” could be used to explicitly indicate the absolute SFN and subframe number when the CoMP hypothesis applies and also a validity period to indicate how long (e.g. number of subframes) the CoMP hypothesis applies.

Proposal 3:
When conveying a resource allocation decision (“CoMP hypothesis information”) over X2, the signaling message includes the following:

a) a set of one or more CoMP hypotheses, where each CoMP hypothesis in the set is associated with a different cell ID; and

b) time information indicating the subframe(s) when the set of CoMP hypotheses is valid.

RAN1 has recommended considering both periodic and aperiodic reporting of CoMP hypotheses. However, considering that the decision to send a CoMP hypothesis is always from the “controlling” eNB, there does not appear to be a need to specify periodic/aperiodic transmission of CoMP hypothesis. 
Proposal 4:
It is up to eNB implementation when to send a resource allocation decision (CoMP hypothesis information), e.g. no need to specify whether resource allocation decisions are sent periodically or aperiodically.
2.2
Benefit metric

RAN1 has agreed to introduce “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” [1].  However, it is left to RAN3 to decide the range of the benefit metric. A granularity of 100 should be sufficient.
Proposal 5:
A benefit metric (“CoMP Benefit”) quantifies the benefit that a cell of the reporting eNB expects in its scheduling when the associated CoMP hypothesis is assumed.  The benefit value is in the range 0 (no benefit) to 100 (maximum benefit) and should be on a linear scale.
When using benefit metric for centralized coordination, there can be a CoMP hypothesis that includes muting by the cell reporting the benefit metric.  In such a case, the reporting cell may consider that there is a “penalty” (e.g. “negative benefit”) under the hypothesis that the cell mutes itself.  The signaling of the benefit metric should also support the case where there is actually a penalty associated with the CoMP hypothesis.
Proposal 6:
The CoMP Benefit may be a penalty (e.g. “negative benefit”) when the associated CoMP hypothesis is associated with the same Cell ID as the cell performing the reporting.

As agreed by RAN1, the benefit metric is associated with a CoMP hypothesis.  However, who decides the CoMP hypothesis that is associated with the benefit metric is an open issue: is it decided by the eNB sending the benefit metric, or by the eNB requesting the benefit metric?  One consideration is that the sending eNB does not know how the benefit metric will be used by the requesting eNB (e.g. to make resource allocation decisions for its own cells, or to make resource allocation recommendations to other cells); therefore, it seems necessary to give the requesting eNB some control over the CoMP hypothesis associated with the benefit metric. RAN3 could also consider optimizations to minimize the X2 signaling, e.g. the requesting eNB could configure a threshold where only the benefit values larger than the threshold are to be reported.
Proposal 7:
The CoMP hypothesis associated with the benefit metric is decided by the eNB requesting the benefit metric.
RAN1 has recommended reporting of benefit metric using periodic or aperiodic signaling. However, the use case for aperiodic signaling is not clear; only periodic signaling is needed, with the periodicity as proposed by RAN1. Also, the Resource Status Reporting Initiation procedure is an existing procedure that could be reused for this purpose.
Proposal 8:
The Resource Status Reporting procedure is reused for CoMP Benefit reporting: periodic with reporting interval {5ms, 10ms, 20ms, 40ms, 80ms}.
2.3
RSRP

RAN1 has agreed to introduce “RSRP measurement reports of one or more UEs”, and that the measurements should be “per UE identified by a UE ID”.  It is left to RAN3 to decide upon an appropriate UE identifier to enable the receiving eNB to correlate subsequent RSRP measurement reports from the same UE.  One already available UE identifier is C-RNTI, which can be reused for this purpose.
Proposal 9:
RSRP Report is a set of RSRP measurement reports from individual UEs identified by C-RNTI.

RAN1 has recommended RSRP reporting using periodic, event-triggered, or on-demand signaling. However, the use case for event-triggered and on-demand signaling is not clear; only periodic signaling is needed, with the periodicity as proposed by RAN1. Also, the Resource Status Reporting Initiation procedure is an existing procedure that could be reused for this purpose.
Proposal 10:
The Resource Status Reporting procedure is reused for RSRP reporting: periodic with reporting interval {120ms, 240ms, 480ms, 640ms}.
2.4
Other issues

An eNB can determine that it would benefit from muting by a neighbor eNB, e.g. via RRC measurement reports indicating that a neighbor cell is a strong interferer. In such cases, it would be useful for the eNB to invoke inter-eNB CoMP coordination with the eNB responsible for coordinating the interfering cell. For this, the Invoke Indication IE of the LOAD INFORMATION message can be extended, since it serves the same purpose for eICIC.
Proposal 11:
An eNB can indicate its desire for coordination using the Invoke Indication IE of the LOAD INFORMATION message, similar to eICIC.
3
Conclusions

In this contribution, we provided our views on a signaling framework that supports both centralized and distributed coordination over X2, taking into account the decisions made by RAN1 and RAN Plenary.  The following is proposed:
Proposal 1:
A CoMP Hypothesis is a DL resource allocation (“muting per PRB”) associated with a Cell ID.
Proposal 2:
Signaling of the resource allocation decision (“CoMP hypothesis information”) is achieved via Class 2 procedure, reusing the Load Indication procedure.
Proposal 3:
When conveying a resource allocation decision (“CoMP hypothesis information”) over X2, the signaling message includes the following:

a) a set of one or more CoMP hypotheses, where each CoMP hypothesis in the set is associated with a different cell ID; and

b) time information indicating the subframe(s) when the set of CoMP hypotheses is valid.

Proposal 4:
It is up to eNB implementation when to send a resource allocation decision (CoMP hypothesis information), e.g. no need to specify whether resource allocation decisions are sent periodically or aperiodically.
Proposal 5:
A benefit metric (“CoMP Benefit”) quantifies the benefit that a cell of the reporting eNB expects in its scheduling when the associated CoMP hypothesis is assumed.  The benefit value is in the range 0 (no benefit) to 100 (maximum benefit) and should be on a linear scale.
Proposal 6:
The CoMP Benefit may be a penalty (e.g. “negative benefit”) when the associated CoMP hypothesis is associated with the same Cell ID as the cell performing the reporting.

Proposal 7:
The CoMP hypothesis associated with the benefit metric is decided by the eNB requesting the benefit metric.
Proposal 8:
The Resource Status Reporting procedure is reused for CoMP Benefit reporting: periodic with reporting interval {5ms, 10ms, 20ms, 40ms, 80ms}.
Proposal 9:
RSRP Report is a set of RSRP measurement reports from individual UEs identified by C-RNTI.
Proposal 10:
The Resource Status Reporting procedure is reused for RSRP reporting: periodic with reporting interval {120ms, 240ms, 480ms, 640ms}.
Proposal 11:
An eNB can indicate its desire for coordination using the Invoke Indication IE of the LOAD INFORMATION message, similar to eICIC.
Based on the above proposals, a CR to TS 36.423 is provided in [4].
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Appendix A: Overview of inter-eNB CoMP
Generally speaking, there are two types of coordination schemes to support inter-eNB CoMP: distributed coordination and centralized coordination.
A.1 
Distributed coordination 

As described in [3], autonomous muting is a method of distributed coordination where each eNB decides the resource allocation (i.e. muting) for its own cells, and communicates its decision to one or more neighbours. Peer-to-peer type of coordination is required between eNBs to facilitate the decision making process.






Figure A-1: Distributed Coordination – high level view

As illustrated in Figure A-1 above, two steps of signalling exchange is needed for autonomous muting. 

Step 1: 
Exchange of information to make muting decision. A benefit metric is sent from one eNB (e.g. eNB-1) to another (e.g. eNB-2) representing the benefit obtained by a cell of eNB-1 if a cell of eNB-2 were to mute (multiple benefit metrics may be sent if each eNB has multiple cells). According to RAN1 agreement, a benefit metric is associated with a CoMP hypothesis which, in the case of autonomous muting, is a hypothetical resource allocation about a cell of eNB-2.

Following Step 1, eNB-2 has collected the benefit metric from one or more neighbour eNBs. The sum of the benefit metrics represents the total benefit to the network if a certain cell of eNB-2 mutes. By comparing such benefit to the penalty of muting that cell, eNB-2 can decide an appropriate resource allocation for the particular cell. 

Step 2: 
Muting decision exchange. The resource allocation decision (CoMP hypothesis) is sent from one eNB (e.g. eNB-2) to another (e.g. eNB-1) indicating the resource allocation for cell(s) of eNB-2. 

The procedure is shown in greater detail in Figure A-2 below.
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Figure A-2: Distributed Coordination - procedure

Note that instead of (or in addition to) the benefit metric, an eNB can collect RSRP measurement information of individual UEs from neighbor eNBs, to assist it in making its resource allocation decisions.
A.2 
Centralized Coordination 

In contrast to distributed coordination where each eNB makes resource allocation decisions only for its own cells, centralized coordination relies on a central eNB (e.g. “master” eNB) to determine the resource allocation for a group of other eNBs (e.g. “slave” eNBs), as illustrated in Figure A-3 below. 






Figure A-3: Centralized Coordination – high level view

Similar to distributed coordination, two steps of signalling exchange is needed for centralized coordination.

Step 1: 
Exchange of information to make muting decision: A benefit metric is sent from each “slave” eNB (e.g. eNB-1) to the “master” eNB (e.g. MeNB) representing the benefit obtained by a cell of eNB-1 if another cell (e.g. controlled by eNB-2, eNB-3, etc) mutes. The benefit metric is associated with a CoMP hypothesis which, in the case of centralized coordination, is a hypothetical resource allocation about cells controlled by other eNBs such as eNB-2, eNB-3, etc.

Following Step 1, the “master” eNB should have the benefit metrics from multiple “slave” eNBs. By comparing the benefit obtained from muting of a certain cell, the “master” eNB can decide the muting for all the “slave” eNBs in the coordination area.  

Step 2: 
Muting decision exchange: The resource allocation decision (CoMP hypothesis) is sent from the “master” eNB to other eNBs (e.g. eNB-1, eNB-2, etc) indicating the resource allocation for cells controlled by eNBs in the coordination area. 

The procedure is shown in greater detail in Figure A-4 below.
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Figure A-4: Centralized Coordination – procedure

Note that instead of (or in addition to) the benefit metric, the “master” eNB can collect RSRP measurement information of individual UEs from “slave” eNBs in the coordination area, to assist it in making the resource allocation decisions.
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