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1 
Introduction

At RAN3#84, an LS was received from RAN1 related to inter-eNB CoMP, which provided guidance on information to be exchanged over X2 [1].  Based on the LS, RAN3 reached the following two agreements [2]:

1.
The benefit metrics and CoMP hypotheses are always sent together (the benefit metric may have a dummy value or value “no weight”).
3.
The benefit metrics and CoMP hypotheses are conveyed via the Load Indication procedure.

The above was captured, along with other RAN3 agreements, in baseline CRs for TS 36.300 [3] and TS 36.423 [4].

One of the main open issues, highlighted as FFS in the stage 2 baseline CR, is whether reception of benefit metrics and CoMP hypotheses trigger any further signaling by the receiving eNB.  In this contribution, we examine the signaling needed to achieve coordination between eNBs for inter-eNB CoMP, and provide several proposals.
2 
Discussion
Figure 1 illustrates an example coordination cluster that includes eNB-1 and a number of other eNBs, e.g. eNB-X, eNB-Y and eNB-Z.
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Figure 1: Example coordination cluster
The eNBs within the cluster are able to coordinate with each other via exchange of information over the X2 interface.  At RAN3#84, some agreements were reached regarding the CoMP-related information that can be conveyed via the Load Indication procedure.  Based on the RAN3 agreements captured in the TS 36.423 baseline CR [4], the following terminology can be defined:
CoMP Hypothesis (CH):
A hypothetical DL resource allocation associated with a Cell ID.  The Cell ID can belong to the sending eNB, or the receiving eNB, or some other eNB.
CoMP Hypothesis Set (CHS):
A collection of one or more CoMP Hypothesis.  A CoMP Hypothesis Set is always sent together with a Benefit Metric.  A particular Cell ID appears no more than once in a CoMP Hypothesis Set.

Benefit Metric (BM):
A quantification of the benefit (or cost) that a cell of the sending eNB expects when the associated CoMP Hypothesis Set is assumed.
An example of signaling within a coordination cluster is shown in Figure 2, where three eNBs (eNB-X, eNB-Y, eNB-Z) are each coordinating with eNB-1.  Steps 1-3 (in black) are intended to reflect current RAN3 agreements, while step 4 (in red) is FFS and further analyzed in this contribution.
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Figure 2: Signaling flow for inter-eNB CoMP
Steps 1 to 3 of Figure 2 are described in further detail below:
Step 1:
eNB-X determines that one or more {CHS, BM} pairs need to be updated, based on implementation-specific criteria (e.g. changing traffic load, interference state, number of cell edge UEs, etc.).

Similarly, eNB-Y and eNB-Z also determine that one or more {CHS, BM} pairs need to be updated.
Step 2:
eNB-X sends a LOAD INFORMATION message to eNB-1, containing the list of {CHS, BM} pairs.  The content of each CoMP Hypothesis Set and the value for the associated Benefit Metric are determined according to implementation.

Similarly, eNB-Y and eNB-Z also send a LOAD INFORMATION message to eNB-1.
Step 3:
eNB1 takes the received information into account “for RRM and may trigger further signaling FFS” [3].
In Step 4, further signaling may take place in order to provide an indication of the (hypothetical) DL resource allocation determined by eNB-1, based on the information received from eNB-X, eNB-Y and/or eNB-Z in Step 2.

2.1
Further signalling
In this section, the further signaling in Step 4 of Figure 2 is analyzed in more detail for both distributed and centralized coordination.
1. Distributed Coordination

As described in [5], autonomous muting is a method of distributed coordination where an eNB decides the DL resource allocation for only its own cells (not cells of other eNB).  The DL resource allocation decision is based on the CoMP information (e.g. list of {CHS, BM}) received from neighboring eNB in Step 2 of Figure 2, and is optionally communicated to neighboring eNB in Step 4.  It should be noted that:
-
eNB-1 is not required to perform Step 4, for example if it decides not to engage in inter-eNB CoMP at the current time (e.g. due to high load).
-
If eNB-1 does perform Step 4, it may send the further signaling to each of eNB-X/Y/Z (as shown in Figure 2), or to only a subset of the eNBs (e.g. only to eNB-X), or to eNBs other than eNB-X/Y/Z (e.g. other eNBs in the coordination cluster).
Therefore, there is not a one-to-one correspondence between a message of Step 2 and a message of Step 4.  The DL resource allocation can be communicated in Step 4 using a CoMP Hypothesis Set where each CoMP Hypothesis is associated with a Cell ID of the sending eNB.  However, a Benefit Metric is not useful in this case since the CoMP Hypothesis Set does not include any hypothetical DL resource allocation for cell(s) of the receiving eNB.
In order to maximize reuse of existing signaling, it is possible to reuse the LOAD INFORMATION message for both Step 2 and Step 4.  Table 1 below shows the resulting LOAD INFORMATION signaling scenarios that exist for distributed coordination.
	
	CoMP Hypothesis Set
	Benefit Metric
	Further signaling?

	Step 2
	Contains cell(s) of receiving eNB only
	positive
	MAYBE

	Step 4
	Contains cell(s) of sending eNB only
	not useful
	NO


Table 1: LOAD INFORMATION signaling scenarios for distributed coordination
The following observations can be made for distributed coordination:
Observation-1:
For distributed coordination, the LOAD INFORMATION message can be used for both step 2 and step 4; the two cases can be distinguished by the receiving eNB based on the content of the CoMP Hypothesis Set(s).

Observation-2:
For distributed coordination, the Benefit Metric is not useful when the CoMP Hypothesis Set does not contain cell(s) of the receiving eNB.
2. Centralized Coordination

In contrast to distributed coordination where each eNB makes resource allocation decisions only for its own cells, centralized coordination relies on one eNB taking on a “master” role to coordinate the DL resource allocation for other eNBs in a coordination cluster who take on “slave” roles.

In the case of centralized coordination, the following is assumed:

-
Each eNB within the coordination cluster is aware (e.g. via O&M) of its role as either “master” or “slave”.

-
If an eNB supports “master” functionality, then it is configured with the list of cells in the coordination cluster.

-
If an eNB supports “slave” functionality, then it is configured with the Cell ID of its “master”, and optionally configured with the list of cells in the coordination cluster (e.g. to avoid including cells in a CoMP Hypothesis Set that do not belong to the coordination cluster).

For centralized coordination, the master eNB first collects CoMP information (e.g. list of {CHS, BM}) from slave eNBs in Step 2 of Figure 2.  The master eNB then determines a hypothetical DL resource allocation for all of the eNBs in the coordination cluster, and communicates it to the slave eNBs in Step 4 using a CoMP Hypothesis Set where each CoMP Hypothesis can be associated with a Cell ID of the sending eNB, receiving eNB, or some other eNB in the coordination cluster. The associated Benefit Metric is either:

a)
not useful, e.g. if the CoMP Hypothesis Set does not include any hypothetical DL resource allocation for cell(s) of the receiving eNB; or

b)
the overall benefit (positive) to the coordination cluster, as calculated by the master eNB based on information received from slave eNBs; or
c)
undetermined, e.g. if the master eNB has insufficient/incomplete information to calculate the overall benefit to the coordination cluster, or does not calculate it based on implementation choice.
Again, as discussed for the case of distributed coordination, it would be desirable to maximize reuse of existing signaling by reusing the LOAD INFORMATION message for both Step 2 and Step 4.  Table 2 below shows the resulting LOAD INFORMATION signaling scenarios that exist for centralized coordination.
	
	Sender role
	Receiver role
	CoMP Hypothesis Set
	Benefit Metric
	Further signaling?

	Step 2
	slave
	master
	Contains cell(s) of eNB other than sending eNB
	positive
	MAYBE

	Step 2
	slave
	master
	Contains cell(s) of sending eNB only1
	negative
	NO

	Step 4
	master
	slave
	Contains cell(s) of eNB other than the receiving eNB only
	not useful
	NO

	Step 4
	master
	slave
	Contains cell(s) of receiving eNB only
	positive, or undetermined
	NO2

	Step 4
	master
	slave
	Contains cell(s) of receiving eNB + cells of eNB other than the receiving eNB
	positive, or undetermined
	NO2

	Notes:
1 It does not make sense for a slave eNB to include both its own cell(s) and cell(s) of other eNBs in the same CoMP Hypothesis Set.
2 This assumes that receiving eNB (slave) accepts or ignores the received CHS without sending feedback/response to the master.


Table 2: LOAD INFORMATION signaling scenarios for centralized coordination
The following observations can be made for centralized coordination:

Observation-3:
For centralized coordination, the LOAD INFORMATION message can be used for both step 2 and step 4; the two cases can be distinguished based on the role of the receiving eNB.
Observation-4:
When the sending eNB is a slave, then the Benefit Metric can be either positive (benefit) or negative (cost/penalty).
Observation-5:
When the sending eNB is a master, then the Benefit Metric can be:

a)
the expected overall benefit (positive) to the coordination cluster; or
b)
“undetermined”, e.g. if the master eNB has insufficient information to calculate the overall benefit to the coordination cluster, or does not calculate it based on implementation choice; or
c)
“not useful”, if the associated CoMP Hypothesis Set does not contain cell(s) of the receiving eNB.
Based on the above, the following is proposed:

Proposal-1:
An eNB receiving a LOAD INFORMATION message containing {CoMP Hypothesis Set, Benefit Metric} may trigger further signaling, which is in turn a LOAD INFORMATION message containing {CoMP Hypothesis Set, Benefit Metric}.

Proposal-2:
It is up to eNB implementation if/when further signaling is triggered, and to which eNBs the further signaling is sent.
2.2
Benefit Metric

In order to accommodate signaling of Benefit Metric for the various cases where it can be positive/negative, “undetermined”, or “not useful” (as shown in Tables 1 and 2), there are several possible options.
Option A is to make Benefit Metric optional, so that it can be omitted in case it is “undetermined” or “not useful”.  However, this would conflict with a previous RAN3 agreement that “benefit metrics and CoMP hypotheses are always sent together” [2].  Also, it would not be possible to specify when Benefit Metric shall be included, since it is implementation dependent.
Option B is to require implementations to calculate a value for the Benefit Metric, even if not completely accurate or useful.  The receiving eNB can ignore the received Benefit Metric when it is not useful (based on e.g. the content of the associated CoMP Hypothesis Set and/or role of the receiving eNB), but may cause problems for the undetermined case.
Option C is to introduce a special value for the Benefit Metric, which has the semantics of “unknown benefit”.  It would be left to sending eNB implementation when to use this value (e.g. when it is not useful to calculate a Benefit Metric, or there is insufficient information to calculate it, or it is not calculated based on implementation choice).  Also, it would be left to receiving eNB implementation how to take the value into account.
Among the above three options, Option C appears to be the simplest and most flexible.

Based on the above, the following is proposed:

Proposal-3:
Benefit Metric shall support both “positive” (benefit) and “negative” (cost/penalty) values.

Proposal-4:
Benefit Metric shall support a special value that means “unknown benefit”.
3
Conclusions

In this contribution, we provided our views on the signaling needed to achieve coordination between eNBs for inter-eNB CoMP, taking into account the current RAN3 agreements.  The following is proposed:
Proposal-1:
An eNB receiving a LOAD INFORMATION message containing {CoMP Hypothesis Set, Benefit Metric} may trigger further signaling, which is in turn a LOAD INFORMATION message containing {CoMP Hypothesis Set, Benefit Metric}.

Proposal-2:
It is up to eNB implementation if/when further signaling is triggered, and to which eNBs the further signaling is sent.
Proposal-3:
Benefit Metric shall support both “positive” (benefit) and “negative” (cost/penalty) values.

Proposal-4:
Benefit Metric shall support a special value that means “unknown benefit”.
Based on the above, text proposals are provided below for the TS 36.300 and TS 36.423 baseline CRs.

Beginning of Text Proposal for Stage 2 Baseline CR [3]
16.1.x
Inter-eNB CoMP
The task of inter-eNB CoMP is to coordinate multiple eNBs in order that the coverage of high data rates and the cell-edge throughput are improved, and also the system throughput is increased. The coordination of multiple eNBs is achieved by signalling between eNBs of hypothetical resource allocation information, CoMP hypotheses, associated with benefit metrics. Each of the signalled CoMP hypotheses is concerned with a cell belonging to either the receiving eNB, the sending eNB or their neighbour. The benefit metric associated with the CoMP hypotheses quantifies the benefit assuming that the CoMP hypotheses are applied. The receiving eNB of the CoMP hypotheses and the benefit metrics may take them into account for RRM.

RSRP measurement reports can also be exploited for inter-eNB CoMP. For example, the RSRP measurement reports can be used to determine and/or validate CoMP hypotheses and benefit metrics. [Further explanation on the RSRP measurement reports of UEs: FFS]
Inter-eNB CoMP is located in the eNB.
End of Text Proposal

Beginning of Text Proposal for Stage 3 Baseline CR [4]
9.2.xx
CoMP Information

This IE provides the list of CoMP hypothesis sets, where each CoMP hypothesis set is the collection of CoMP hypothesis(es) of one or multiple cells and each CoMP hypothesis set is associated with a benefit metric.

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

	CoMP Information Item
	
	1 .. <maxnoofCoMPInformation>
	
	

	>CoMP Hypothesis Set
	M
	
	9.2.xy
	

	>Benefit Metric
	M
	
	9.2.xz
	

	[>Time Granularity: FFS]
	
	
	
	

	[Starting SFN: FFS]
	
	
	
	

	[Starting Subframe Index: FFS]
	
	
	
	


	Range bound
	Explanation

	maxnoofCoMPInformation
	Maximum number of CoMP Hypothesis sets. The value is FFS.


9.2.xz
Benefit Metric
This IE quantifies the benefit (positive value) or cost (negative value) that a cell expects when the associated CoMP Hypothesis Set is assumed.  The method to derive the Benefit Value is implementation specific.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	Benefit Value
	M
	
	INTEGER (-100..100)
	Value -100 indicates the maximum cost, and 100 indicates the maximum benefit. The Benefit Value IE should be measured on a linear scale.
Value 0 indicates unknown benefit.


End of Text Proposal
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