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1	Introduction
Two solutions to handle X2 backhaul case were captured in TR 36.742 [1] during last RAN3 meeting. For solution 1, compared with the proposal we submitted to RAN3#94 (original proposal in [2]), references to distributed / centralized coordination scheme were removed in the agreed text proposal [3]. In this paper we present our view on why we believe these references to distributed / centralized coordination scheme are needed in this Rel-14 study. 
Solution 2 is currently indicated as FFS, and we propose some clarifications and corrections to this solution in order to resolve the FFS.
A text proposal containing the proposed updates is included in annex of this paper.
2	Background for proposed changes to solution 1
Handling of CoMP coordination schemes in Rel-12:
The Rel-12 WID for inter-eNB CoMP [4] states:
WID Rel-12: The SI “Study on CoMP for LTE with Non-Ideal Backhaul” has identified the cases that CoMP can provide performance enhancement and therefore enhancement on network interface and signalling messages should be specified to allow implementing both centralized and distributed coordination focusing primarily on macro-pico heterogeneous networks but also considering macro-macro homogeneous networks. Note that allowing implementation of centralized coordination does not necessarily mean that a new node should be introduced. 


The normative work resulted in the introduction of an inter-eNB CoMP function, located within the eNB.
TS 36.300: Inter-eNB CoMP is located in the eNB.


However, neither the stage 2 nor the stage 3 specification does specifically address the centralized/distributed coordination scheme, which can therefore be regarded as realized by implementation option in Rel-12/13, i.e. the CoMP functionality is either realized as one centrally coordinating instance in one of the cooperating eNBs or realized by several instances distributed among all cooperating eNBs.
Observation 1: Both distributed and centralized coordination scheme can be regarded as implementation option in Rel-12/13.
3.	Solution 1 update
The current study relates to optimizing CoMP gains by management of the CoMP coordination area (CA) by means of management of the CoMP sets that determine the coordination areas. The question to be considered is if centralized and/or distributed coordination scheme realizations need to be explicitly addressed within solutions proposed in the present study. According to the study item objectives, the study needs to go into the detail of identifying X2 information exchange needed for the CoMP coordination area management that can work for centralized and distributed CoMP coordination schemes: 
TR 36.742: Section 4.1 Objective of the study
•	….
•	Identify information and centralized / distributed procedures that may need to be exchanged on X2 to facilitate creation and update of optimal CoMP coordination sets maximizing the average and cell edge User Packet Throughput gain.


A distributed CoMP coordination scheme where CoMP functionality is distributed among all cooperation eNBs requires X2 interface between each eNB belonging to the CoMP set or CoMP coordination area, respectively. 
Examples of X2 signaling connections required for the two different CoMP coordination schemes are illustrated in following Figures 1 and 2. The figures depict a deployment scenario of 12 macro eNBs, and adjacent eNBs are inter-connected with X2 links (blue thin lines). Three CoMP coordination areas are also illustrated in these drawings. The first coordination area (CA1) is composed of eNBs A, B, C, D and E. The second area (CA2) is composed of eNBs G, H, J and K, while the third area (CA3) is composed of eNBs F, I and L.
[bookmark: _GoBack]The approach with the distributed CoMP coordination scheme is provided in Fig. 1. The existing X2 links between between adjacent neighbour eNBs might not be sufficient to operate CA1 and CA3 with a distributed CoMP coordination scheme. For CA1, in case of interference between cells controlled by eNB A and eNB C, or between eNB D and eNB C, the X2 links A-C and D-C would be required, and could be created by the involved eNBs. Similarly for CA3 the X2 link F-L may be required. These links are indicated by dashed red lines.
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Figure 1: CoMP set and the required X2 links for realization of distributed coordination scheme
Depending on size and form of the CoMP coordination area the distributed coordination scheme requires more X2 links resulting in a more complex realisation.
Observation 2: Depending on size and form of the CoMP coordination area the distributed coordination scheme requires more X2 links resulting in a more complex realisation
Fig. 2 shows the realization of the same CAs with the centralized coordination scheme where one of the cooperating eNBs is hosting the CoMP controlling unit (blue coloured) and only a subset of the existing X2 links is needed for CoMP coordination, e.g. to convey CoMP hypotheses information and measurements for CoMP (highlighted by thick red lines).
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[bookmark: _Ref472694906][bookmark: _Ref472694827]Figure 2: Same 3 CAs operated with centralized CoMP coordination scheme.


Observation 3: Centralized CoMP coordination scheme requires less X2 links for a less complex realization
As consequences of observations 2 and 3, our study is focusing first on the centralized CoMP coordination scheme realization.
Proposal 1: Study should focus on centralized CoMP coordination scheme in a first step
The eNB hosting the centrally controlling CoMP instance needs X2 links towards all cooperating eNBs. Depending on size and form of the CA this creates some constraints and options on which eNBs can be used for this host role. For instance, for the first coordination area (CA1), only two out of the set (eNB B and eNB E) have X2 links to all the others and, therefore, may take the central unit role. For CA2, all four eNBs have X2 links towards the three other participating eNBs and are therefore eligible. Finally, for CA3 only the eNB I can be the central coordinator (no X2 link exists between eNBs F and L).
If there are more than one option for the central unit role, the optimal host should be determined based on X2 performance analysis. If any of the X2 links conveying CoMP information are degraded, the CoMP gain might no longer be achievable. But situation may be improved by changing the eNB hosting the central CoMP coordinator. For CA1 shown in Figure 2, most of the involved X2 links for CoMP signaling will change if the central coordinator role changes from eNB E to eNB B (the only link that are used in both cases is the link between the two potential central coordinators). More options to mitigate for degraded X2 link(s) are offered for the second coordination area, where all 4 participating eNBs are potential central coordinators. Indeed, for this coordination area change of the central coordinator will allow mitigation of any case where a single X2 link belonging to the coordination area is degraded.
If implementations allow X2 interfaces between any eNB, there will be no constraint on the choice of the central coordinator, thus further improving the possibility of mitigation of X2 link degradation.
Observation 4: In case of a centralized coordination scheme, the change of the central coordinator can improve CoMP gain by using more powerful of X2 links. 
In order to cover this important aspect, we believe it is needed to introduce related terms in the TR (centralized and distributed coordination scheme, eNB hosting CoMP controlling instance, cooperating eNB). A text proposal to TR 36.742 is included in annex of this paper.
Proposal 1: For solution 1, introduce references to centralized and distributed CoMP coordination schemes, and related terms (eNB hosting CoMP controlling instance, cooperating eNB) in TR 36.742, in line with text proposal in annex.

3.	Solution 2 update
A few clarifications are proposed. The intention of the first change is to clarify that the targeted improvement of CoMP gain is linked to presence of cell edge UEs. The second change is to clarify the temporary action to be taken by the E-UTRAN in the first step of the solution, where we believe the peer eNB should be informed about the cause of the adaptation of the CoMP signaling. The involved peer eNB may, in step 2, be inquired about any such action, so the information should therefore be available in all involved eNBs for reporting to O&M, and possibly also for adaptation of own scheduling strategy (CoMP not fully working). 

Proposal 2: Clarify that the targeted improvement of CoMP gain is linked to presence of cell edge UEs, and clarify action in step 1.

4	Conclusion
For solution 1 we have made the following observations:

Observation 1: Both distributed and centralized coordination scheme can be regarded as implementation option in Rel-12/13.
Observation 2: Depending on size and form of the CoMP coordination area the distributed CoMP coordination scheme requires more X2 links resulting in a more complex realisation
Observation 3: Centralized CoMP coordination scheme requires less X2 links for a less complex realization
Observation 4: In case of a centralized coordination scheme, the change of the central coordinator can improve CoMP gain by using more powerful of X2 links. 
And the following proposal: 
Proposal: For solution 1, introduce references to centralized and distributed CoMP coordination schemes, and related terms (eNB hosting CoMP controlling instance, cooperating eNB) in TR 36.742.
For solution 2 we have made the following proposal:
Proposal 2: Clarify that the targeted improvement of CoMP gain is linked to presence of cell edge UEs, and clarify action in step 1.
 
Both text proposals are included in annex of this paper.
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[bookmark: _Toc467522811][bookmark: _Toc467530934]6	Potential solutions
[bookmark: _Toc467522812][bookmark: _Toc467530935]6.1	Solution #1: Coordination Area allocation taking into account X2 link characteristics 
[bookmark: _Toc467522813][bookmark: _Toc467530936]6.1.1	Solution description
[bookmark: _Toc467522814][bookmark: _Toc467530937]6.1.1.1	Functional aspects
The solution aims at updating CoMP Coordination Areas (CAs) taking into account X2 backhaul characteristics like latency and bandwidth for involved eNBs. In a distributed CoMP coordination scheme, suitable X2 connections are needed between all eNBs within a coordination area, or at least the eNBs that interfere each other should be X2 interconnected. In a centralized CoMP coordination scheme, where one coordinating eNB hosts the CoMP controlling instance, only X2 links between this coordinating eNB and the other eNBs within the coordination area are required.

[bookmark: _Toc467522815][bookmark: _Toc467530938]6.1.1.2	Analysis of protocol impacts
[bookmark: _Toc467522816][bookmark: _Toc467530939]6.1.1.2.1	Overview
The solution includes signaling enabling eNBs to inform about characteristics of their X2 links towards their neighbour eNBs, as well as signaling for Coordination Area allocation and CoMP cooperation role assignment to the eNB in case of centralized CoMP coordination scheme (controlling node (=eNB hosting CoMP coordinating unit), cooperating nodes (= all other eNBs with CoMP coordination area)).

Information exchanged on the X2 interface for this solution:
· X2 link characteristics towards neighbour eNBs like transmission delay, maximum transmission capacity (data rate), cost per megabyte, statistics of the link usage (e.g. information from which can be derived the risk of congestion): X2 enhancement required, as further detailed in clause 6.1.1.2.2.
· CA allocation decision (including designation of controlling node and cooperating nodes in case of centralized CoMP coordination scheme): X2 enhancement required, as further detailed in clause 6.1.1.2.3.

[bookmark: _Toc467522817][bookmark: _Toc467530940]6.1.1.2.2	Information about X2 links
Inter-eNB CoMP requires X2 control-plane signalling as per TS 36.300 (“The coordination of multiple eNBs is achieved by signalling between eNBs of hypothetical resource allocation information, CoMP hypotheses, associated with benefit metrics.”). TR 36.874 [1] has shown the impact of X2 backhaul delay on the achievable CoMP benefit.  
Suitability will require low latency but other characteristics are also important. Even if limited to control-plane signalling only, CoMP information includes some scheduling information and will therefore typically be voluminous and frequently updated. A consequence of this is that on top of the transmission delay, information about the maximum data rate, cost per data unit and link usage statistics should be considered.
This information can be measured or collected by the eNB on IP level. The X2 characteristics are variable in time, and can hence be considered as a load-related information which could be transferred by the Resource Status Reporting procedure or by the Load Indication procedure, implying periodical and event-triggered reporting respectively.
There are also several options on how to represent the X2 link characteristics information. The main options are:
· detailed information (measured latency, max bit rate, …)
· composed metric, with 2 (e.g. “unsuitable”, “suitable”) or more code-points.  
If the X2 characteristics information is conveyed using the existing X2 Load Indication procedure, signalling could be as depicted in Fig. 1:



Fig. 1: Example of Load Indication procedure (LOAD INFORMATION message) conveying characteristics of X2 links between the eNB1 and each of its connected peer eNBs.
The message may be sent e.g. between eNBs belonging to a CA and the node responsible for CA allocations.

[bookmark: _Toc467522818][bookmark: _Toc467530941]6.1.1.2.3	Coordination area allocation decision
Information about the coordination area allocation decision would be sent by the node responsible for CA allocations towards the eNBs participating in CoMP operation, or by the controlling node hosting the CoMP controlling instance towards the other cooperating eNBs in case of centralized CoMP coordination scheme. The message contains information about the new controlling node, new CoMP information conveying X2 links and the list of all cooperating nodes building the new coordination area. This information exchange can be realized either by enhancing Main options are to enhance the existing Load Indication procedure (class 2) for this purpose or by creatinge a new procedure. A new class 1 procedure would have the advantage of including response and failure messages, and hence better support error handling.




Fig. 2: Example of new procedure conveying information about CA allocation decision (e.g. designation of central unit and cooperating eNBs / TPs).


[bookmark: _Toc467522819][bookmark: _Toc467530942]6.1.2	Solution evaluation
[bookmark: _Toc467522820][bookmark: _Toc467530943]6.2	Solution #2: Use of CoMP and Coordination Area allocation taking into account degraded X2 link (FFS)
[bookmark: _Toc467522821][bookmark: _Toc467530944]6.2.1	Solution description
eNBs could monitor the performance of the X2 link by means of transport network monitoring tools. If the backhaul performance of the interfaces between one eNB and eNBs serving cells with a considerable number of cell edge constituting the main source of interference for UEs to be handled via CoMP is not sufficient to guarantee optimal CoMP efficiency, the CoMP functionality is temporarily turned off or adjusted for this area, and the peer eNB is informed about the cause of this corrective action. E.g. the corresponding X2 link can be configured with differentsuch UEs or the periodicity of the CoMP measurement reporting and/or CoMP information can be adjusted until conditions resume to acceptable performance levels.
If the problems persist, OAM could collect information about the X2 link characteristics from certain eNBs, make a decision of coordination area and configure the eNBs accordingly. 

[bookmark: _Toc467522822][bookmark: _Toc467530945]6.2.2	Solution evaluation

<<< TP end >>>
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