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1. Introduction

The newly opened RAN3 WI [1] on Inter-eNB CoMP for LTE is to specify backhaul signaling needed to enable a class of CoMP schemes under non-ideal backhaul conditions. The content of the signaling messages is to be identified in an accompanying RAN1#76 session. 
 Needed functionalities can be designed as signaling mechanisms that are agnostic of the architecture/algorithm for coordination [3], i.e. that can support CoMP schemes based on both centralized and distributed coordination algorithms.
The contribution discusses key aspects to consider in RAN3 when the signaling needs to be supported via enhancements to the X2AP.
2. Components of Coordination Signaling 
The content of backhaul signaling for coordination can be grouped in three categories; more details are shared in an accompanying RAN1 contribution [3]:
(i) Inputs: These are inputs needed for the decision making entity to come up with the resource allocation and scheduling decisions.  The two main broad subcategories of information that needs to be exchanged are  (1) UE CSI and UE measurement reports (RSRP) and (2) traffic and  performance metrics that help scheduling decisions such as throughputs and buffer sizes.
(ii) Outputs: Coordination mechanisms – or signaling for resource coordination:  In order to facilitate centralized and distributed coordination, these mechanisms may contain (1) ‘advertisement’ type indicators – similar to existing RNTP and ABS information IEs (2) resource allocation request signaling – where one node attempts to influence allocation on another eNB. 
(iii)  Supporting signaling such as exchange of CSI-RS configurations. 
3. X2AP Procedure Enhancements 
 New X2AP procedures or enhancements to existing procedures are needed to support the three categories of  signaling identified above.  The key aspects that distinguish the potential new signaling for CoMP-NIB are as follows. 

UE Measurements and CSI: Conveying UE specific information
Current support for Release 8/10 (e) ICIC functions on X2AP is done via global procedures.  Further, current X2AP global procedures such as Load Indication, do not carry any information pertaining to a specific UE.  On the other hand, key components of CoMP-NIB inter-eNB information consist of information specific to UEs. In particular UE CSI and UE Measurement Reports are needed to be exchanged.  Note that conveying UE specific information does not necessarily require dedicated UE-associated signaling on X2AP.  This is so because largely the UE specific information is needed for computations that govern eNB resource allocation rather than the resource allocation for the specific UEs.  Under typical designs for CoMP under non-ideal backhaul, the UE selection, MCS selection and HARQ selection are handled by the serving eNBs rather than the coordinating entities [2]. 
Nevertheless it is important to be able to collate the information corresponding to a single UE. For example, two CSI reports from the same UE corresponding to two different CSI processes, RSRP measurement reports from the UE, and UE performance metrics such as throughputs and buffer size should be able to be identified as connected to each other.
Proposal 1: Global procedures should be considered for conveying UE-specific information such as CSI/RSRP, throughput and buffer status. 
Coordination Mechanisms: Resource Allocation Request/Downlink Reactive Indicators 
As argued in [3] enhancement to current (e) ICIC indicators – namely, introducing the ability for an eNB to convey time as well as frequency domain resource allocation, is useful to combat non-idealness of the backhaul flexibly.  These enhancements can be readily supported as enhancements to current ‘load information’ procedures. 

In contrast, in order to support centralized and distributed coordination algorithms together, a new procedure is needed where one node (the coordinating/ decision making entity) influences the resource allocation on another eNB. This is best accomplished in a request/response framework.
Two alternatives approaches to accomplish this in X2-AP can be envisioned. 
First approach is to define a new class 1 elementary procedure for resource allocation request. In this procedure, a resource allocation request (such as a ‘desired RNTP mask’) is requested from the target eNB. In return a response indicating the success/failure or override of the resource allocation request is mandated. 
The second approach combines two class 2 procedures to achieve the same functionality. In this approach, the first step is to introduce a new downlink reactive indicator message (a class 2 X2AP elementary procedure)   which carries the same information as a resource allocation request.  The second step in this approach  is a voluntary declaration of the actual resource allocation used by the recipient eNB via a proactive indicator.  

Proposal 2: Request/Response based signaling for coordination of resource allocation should be considered for supporting inter-eNB CoMP on X2.
Exchange of Measurement Configurations
Exchange of configurations such as CSI-RS NZP and ZP resources can be readily accomplished over X2 via enhancements to ‘load information’.
4. Summary
We have described keys aspects to support new backhaul signaling required for the CoMP functionality under non-ideal backhaul, over the X2 interface.  They are summarized in Table 1 below. When these aspects are addressed, a unified set of signaling enhancements may enable both centralized as well as distributed architectures for CoMP coordination algorithms.
Table 1 Aspects to consider for support of CoMP signaling on X2

	Aspects
	Details
	Remarks

	Conveying UE Specific Information:  
	UE CSI, UE RSRP, UE performance (throughputs, buffer status), UE QCI
	Can be accomplished with or without UE-associated  signaling over X2AP

	Coordination Mechanisms
	Enhancements to Proactive Indicators


	Time Domain and Frequency Domain indication to combat backhaul delays. Conveyed via enhancements to  load information

	
	Resource Allocation Request/ Reactive Indicators
	Enables centralized as well as distributed algorithm implementation. May be obtained as one class 1 or two class 2 elementary procedures on X2AP

	Exchange of Measurement Configurations
	For alignment of CSI-RS NZP and ZP resources
	Enhancement to load information 


Proposal 1: Global procedures should be considered for conveying UE-specific information such as CSI/RSRP, throughput and buffer status.  
Proposal 2: Request/Response based signaling for coordination of resource allocation should be considered for supporting inter-eNB CoMP on X2.
Observation 1: A unified set of signaling enhancements can enable both centralized and distributed coordination algorithms.
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