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1. Introduction
In [1], distributed coordination process as well as centralized coordination process was discussed for coordinated scheduling and/or coordinated beamforming, and corresponding inter-eNB signaling was considered. Some preliminary evaluation results for inter-eNB coordinated scheduling were given in the companion contribution [2]. This contribution is the update of [1], in which we review the coordination processes and further discuss inter-eNB signaling. 
2. Coordination process for downlink inter-eNB CoMP
Distributed coordination and centralized coordination can be considered for inter-eNB CoMP. In distributed coordination, coordination behavior of eNBs is controlled by corresponding eNB itself. Signaling for coordination is transmitted between eNBs. 

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. 
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Figure 1: Signaling process of distributed coordination

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, a central control node (CCN) is adopted to control coordination among eNBs. Signaling for coordination is transmitted between coordination eNB and CCN. eNBs provide CCN with information for coordination by eNB-to-CCN signaling, and CCN controls 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 transmission power on some resources. 
Proposal 1: Distributed coordination and centralized coordination should be considered for inter-eNB CoMP.
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Figure 2: Signaling process of centralized coordination
3. On inter-eNB signaling 
According to above discussion, request and notice signaling are used for distributed coordination. Request signaling 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 (spatial information) or transmission power (power information) which coordination eNB is requested to use 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 (spatial information) or transmission power (power information) which the eNB will use in transmission. 
Possible contents of signaling for distributed coordination are shown in Table 1.

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

	Request
	Time and frequency resource information 

Spatial information (to indicate beamforming requested to be used) 

Power information (to indicate transmission power requested to be used )

Performance information (showing difference between transmission performances when the request is accepted and when the request is not accepted)

	Notice
	Time and frequency resource information

Spatial information (to indicate beamforming which will be used)

Power information (to indicate transmission power which will be used)


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 coordinated scheduling and/or coordinated beamforming in centralized restriction, restrictions on beamforming or transmission power need to be informed to eNBs.
Possible contents of signaling for centralized coordination are summarized in Table 2.
Table 2: Possible contents of signaling for centralized coordination
	Centralized schemes
	Signaling
	Signaling content

	Centralized scheduling
	eNB-to-CCN
	CSI

Packet size information

	
	CCN-to-eNB
	Time and frequency resource information

Indication of UE (which is scheduled on corresponding time and frequency resource)

	Centralized restriction
	eNB-to-CCN
	Instantaneous or statistical CSI 

	
	CCN-to-eNB
	Time and frequency resource information

Spatial information (beamforming restricted to be used)
Power information (transmission power restricted to be used)


 As an overview on signaling for both distributed and centralized coordination, signaling which needs to be considered for inter-eNB CoMP may include: time and frequency resource information, spatial information, power information, instantaneous or statistical CSI, packet size information, UE indication, and performance information. 
X2 signaling before Rel-12 already supports RNTP and ABS. Although reusing RNTP and ABS signaling for inter-eNB CoMP may be considered for power or time and frequency resource information, enhancement on signaling for power or time and frequency resource information is stilled needed. This is because RNTP which represents that Tx does not exceed RNTP threshold or there is no promise on Tx power. It could not be used as power request or restriction on other eNBs. Also ABS could not be used for frequency domain. However features could exist together for further gain. 

Proposal 2: Signaling which need to be considered for inter-eNB CoMP may include:

· time and frequency resource information

· spatial information

· power information

· instantaneous or statistical CSI

· packet size information

· UE indication

· performance information
In this contribution, necessary signaling is discussed based on inter-eNB CoMP scheme CS/CB. From above discussion, all coordination is managed under MAC layer, i.e. in fact, all signaling design does not impact network architecture. Compared with it, the other CoMP scheme, semi-static point selection, may request stream split and introduce changes of network architecture. It is suggested to discuss semi-static point selection until architecture discussion is done in small cell study item. 

Proposal 3: It is suggested to study signaling design without network architecture change in this SI.

4. Conclusion
In this contribution, we discuss signaling for inter-eNB CoMP. According to our discussion, we propose:
Proposal 1: Distributed coordination and centralized coordination should be considered for inter-eNB CoMP.
Proposal 2: Signaling which need to be considered for inter-eNB CoMP may include:

· time and frequency resource information

· spatial information

· power information

· instantaneous or statistical CSI

· packet size information

· UE indication

· performance information
Proposal 3: It is suggested to study signaling design without network architecture change in this SI.
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