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1. Introduction
In [1], the objective of Rel-12 CoMP SI, regarding signaling design, was given as:
· RAN1 evaluate coordinated scheduling and coordinated beamforming including semi-static point selection/muting as candidate techniques for CoMP involving multiple eNBs with non-ideal but typical backhaul and, if there is performance benefit, recommend for which CoMP technique(s) signalling for inter-eNB operation should be specified, considering potential impact on RAN3 work.  
Initial evaluation results of some schemes for inter-eNB coordinated scheduling are given in the companion contribution [2].In this contribution, views on coordination process and corresponding signaling schemes for inter-eNB CoMP techniques are shared. 
2. Coordination process for inter-eNB CoMP
For inter-eNB CoMP, including CoMP operation in CoMP Scenario 2 and small cell Scenario #1 and #2a, signaling on backhaul between eNBs is necessary for coordination process. Backhaul latency is one of the key factors to be considered for inter-eNB CoMP, because backhaul latency may lead to CSI out-of-date which CoMP gain is sensitive to. In design of signaling for inter-eNB CoMP, it is a principle to reduce total backhaul latency in coordination, or reduce effect of backhaul latency on coordination, or both. 
Proposal 1: In design of signaling for inter-eNB CoMP, total backhaul latency in coordination and/or effect of backhaul latency on coordination shall be minimized.

Distributed coordination and centralized coordination can be compared for inter-eNB CoMP as the starting point. In distributed coordination, coordination behavior of eNBs is control by corresponding eNB itself. Signaling for coordination is transmitted between eNBs. In centralized coordination, a central control node (CCN) is adopted to control coordination among eNBs. Signaling for coordination is transmitted between coordination eNB and CCN. 
Request and Notice can be used for distributed coordination process. eNB needs to convey coordination request to other eNBs requesting coordination of the target eNB. eNB sends notice to the other eNBs informing its own coordination decision. Figure 1 shows a coordination process of 3 eNBs, including eNB 1, eNB 2, and eNB 3. eNB 1 sends a coordination request to eNB 2. eNB 2 receives the request and makes its decision on its coordination behavior, then sends notices to eNB 1 and eNB 3. 
A special case in distributed coordination process is that there is only Notice information from any eNB to other eNBs, and the coordination process is simplified to be eNB-self decision process.

In centralized coordination, eNBs provide CCN with information for coordination by eNB-to-CCN signaling, and CCN control coordination by CCN-to-eNB signaling. Figure 2 shows coordination process of centralized coordination. Centralized coordination can be further divided into centralized scheduling and centralized restriction. 
· Centralized scheduling: a centralized coordination process, where CCN can assign time and frequency resources for transmission at eNBs. 
· Centralized restriction: a centralized coordination process, where CCN only makes decision on scheduling restriction of each eNB, for example forbidden beamforming or even muting on some resources. 
Proposal 2: Distributed coordination, and centralized coordination should be considered for inter-eNB CoMP.
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Figure 1: Request and notice negotiation process of distributed coordination
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Figure 2: Signaling process of centralized coordination
3. Design of inter-eNB signaling 
In this section, signaling schemes for distributed coordination and centralized coordination are considered respectively.
3.1. Signaling for distributed coordination
Request signaling in distributed coordination is used to provide reference to target eNB to make decision on coordination behavior. For inter-eNB CoMP techniques, request signaling indicates requested coordination on some time and frequency resources. Indication of the time and frequency resources is needed in signaling. Some indication of the requested coordination may also be included in signaling, for example indication of beamforming which coordination eNB is requested to avoid in transmission. Moreover, to provide further reference for the target eNB, request signaling can include some performance information which shows difference between transmission performances when the request is accepted and when the request is not accepted.
Notice signaling is used to inform decided coordination behavior of a certain eNB. Indication of time and frequency resources should be included in notice signaling to indicate on which resource the eNB will take the coordination behavior. And some indication of the coordination behavior may be needed, for example indication of beamforming which the eNB will not use in transmission. 
Possible contents of request and notice signaling are reviewed in Table 1.

Table 1: Possible contents of request and notice signaling for distributed coordination
	Signaling
	Signaling content

	Request
	indication of beamforming (which requested eNB should consider to avoid) on some time and frequency resources
corresponding performance information (showing difference between transmission performances when the request is accepted and when the request is not accepted)

	Notice
	indication of beamforming (which will be avoided) on some time and frequency resources


3.2. Signaling for centralized coordination
According to discussion on centralized coordination, centralized coordination includes centralized scheduling and centralized restriction. To support centralized scheduling, information including CSI, QoS, packet size of candidate UE for scheduling should be provided by eNB-to-CCN signaling. Scheduling results need to be informed via CCN-to-eNB signaling. To indicate scheduling results for eNBs, indications of time and frequency resources, and scheduled UEs may be needed.
For centralized restriction, eNB-to-CCN signaling should be able to facilitate CCN to make decision on restrictions. To support centralized restrictions, information such as instantaneous or statistical CSI of candidate UE may be considered. For scheduling coordination in centralized restriction, restrictions need to be informed to eNBs.
Possible contents of signaling for centralized coordination are summarized in Table 3.
Table 2: Possible contents of signaling for centralized coordination
	Centralized schemes
	Signaling
	Signaling content

	Centralized scheduling
	eNB-to-CCN
	CSI

QoS information
packet size information

	
	CCN-to-eNB
	indication of time and frequency resources scheduled for UEs

	Centralized restriction
	eNB-to-CCN
	instantaneous or statistical CSI 

	
	CCN-to-eNB
	indication of restrictions 


4. Conclusion
In this contribution, we discuss signaling schemes for inter-eNB CoMP. According to our discussion, we propose:
Proposal 1: In design of signaling for inter-eNB CoMP, total backhaul latency in coordination and/or effect of backhaul latency on coordination shall be minimized.
Proposal 2: Distributed coordination, and centralized coordination should be considered for inter-eNB CoMP.
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