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1
Introduction
RAN3#94 agreed to capture the use-case “Change in X2 backhaul characteristics due to load” in TR 36.742 [1]. In this paper we propose a solution to address this use-case.
2
Discussion
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.”). Implementations may also require inter-eNB user-plane signalling for certain CoMP schemes (Joint Tranmission, Joint Processing). TR 36.874 [1] has shown the impact of X2 backhaul delay on the achievable CoMP benefit.  

In a distributed CoMP scheme, suitable X2 connections are needed between all eNBs within a cooperation area. In a centralized CoMP scheme, based on a central unit, the eNB chosen as central unit should have suitable X2 connection towards the other eNBs within the cooperation area. Suitability will require low latency but other characteristics are also important. Even if limited to control-plane signaling, CoMP information includes some scheduling information and will therefore typically be voluminous and frequently updated. A consequence of this, the X2 link characteristics introduce a considerable constraint for the optimal CoMP coordination area (CA) definition. 

Furthermore, information about X2 link characteristics will also play a role for user-centric centralized CoMP, since for each new CoMP set, which has to be build due to UE movement, a new central coordinating node may need to be determined. The X2 link characteristics is the most prominent selection criterion for this case.

Observation 1: Information about X2 link characteristics is useful for optimal CA creation.
This information about X2 link characteristics can be measured or collected by the eNB on IP level. However, a transmission bandwidth measurement may consume some resources and should therefore not be done too frequently. If the measured information is considered as invariant or quasi invariant in time, the X2 Setup / eNB Configuration Update procedures would be suitable to convey the information. However most implementations will transport X2 on a backhaul which also provides other services like S1 connectivity, so use of the X2 Setup / eNB Configuration Update procedures would not fully address the targeted use-case where the X2 backhaul characteristics change due to transport network load. So far, load-related information has been transferred by the Resource Status Reporting procedure or by the Load Indication procedure, the latter choice having the advantage of avoiding unnecessary periodical reporting and enabling event-triggered reporting in for scenarios of backhaul congestion and congestion resolution.

Proposal 1: Use the Load Indication procedure to convey information about the X2 link characteristics.

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.  

Proposal 2: Capture encoding options for X2 link characteristics in the TR, leaving further down-selection for a potential normative phase.

If the X2 characteristics information is conveyed using the Load Indication procedure, signalling could be as depicted in Fig. 1:
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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.

In order to provide complete support for the centralized CoMP scheme, we also propose to include into the solution signaling for role attribution (distributed unit, central unit). A similar signaling procedure may also be required for the distributed CoMP scheme, based on a decision to include eNBs in the cooperation area if the X2 links are deemed sufficient, or exclude eNBs in the opposite case.
Proposal 3: Introduce a new procedure to convey information about CA allocation decision.
3
Conclusion
We have described a solution to handle the use-case “Change in X2 backhaul characteristics due to load”, based on the following observation and proposals:

Observation 1: Information about X2 link characteristics is useful for optimal CA creation.

Proposal 1: Use the Load Indication procedure to convey information about the X2 link characteristics.

Proposal 2: Capture encoding options for X2 link characteristics in the TR, leaving further down-selection for a potential normative phase.

Proposal 3: Introduce a new procedure to convey information about CA allocation decision.

A corresponding TP is provided in annex of this paper. 
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6
Potential solutions

6.x1
Solution #1: Cooperation Area allocation taking into account X2 link characteristics
6.x1.1
Solution description

6.x1.1.1
Functional aspects
The solution aims at updating Cooperation Areas (CAs) taking into account X2 backhaul characteristics like latency and bandwidth for involved eNBs. In a distributed CoMP scheme suitable X2 connections are needed between all eNBs within a cooperation area. In a centralized CoMP scheme, based on a central unit, the eNB chosen as central unit should have suitable X2 connection towards the other eNBs within the cooperation area. 
6.x1.1.2
Analysis of protocol impacts

6.x1.1.2.1
Overview

The solution includes signaling enabling eNBs to inform about characteristics of their X2 links towards their neighbour eNBs, as well as signaling for role attribution (central unit, distributed unit).

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.x1.1.2.2.

· CA allocation decision (designation of central unit and cooperating eNBs / TPs): X2 enhancement required, as further detailed in clause 6.x1.1.2.3.

6.x1.1.2.2
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.”). Implementations may also require inter-eNB user-plane signalling for certain CoMP schemes (Joint Tranmission, Joint Processing). 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. A transmission bandwidth measurement may consume some resources and should therefore not be done too frequently. If the measured information is considered as invariant or quasi invariant in time, the X2 Setup / eNB Configuration Update procedures would be suitable to convey the information. However most implementations will transport X2 on a backhaul which also provides other services like S1 connectivity. The X2 characteristics will therefore depend on the load of the backhaul, 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, the latter choice having the advantage of avoiding unnecessary periodical reporting and enabling event-triggered reporting in for scenarios of backhaul congestion and congestion resolution.

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 Load Indication procedure, signalling could be as depicted in Fig. x:
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Fig. x: Example of Load Indication procedure (LOAD INFORMATION message) conveying characteristics of X2 links between the eNB1 and each of its connected peer eNBs.

6.x1.1.2.3
Cooperation area allocation decision

Information about the cooperation area allocation decision would be sent by the node responsible for CA allocations towards eNBs acting as central units and cooperating eNBs. Main options are to enhance the existing Load Indication procedure (class 2) for this purpose or create a new procedure. A new class 1 procedure would have the advantage of including response and failure messages, and hence better support error handling.
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Fig. x: Example of new procedure conveying information about CA allocation decision (e.g. designation of central unit and cooperating eNBs / TPs).

6.x1.2
Solution evaluation 
<<< TP end >>>
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