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1 Introduction
In 3GPP RAN #60 meeting, the study item description (SID) on CoMP for LTE with non-ideal backhaul was agreed for Release 12 [1]. According to the SID, the two main goals of the study item are given as follows:
· Evaluate candidate CoMP techniques between multiple eNBs with non-ideal backhaul

· Summarize the potential signalling impacts for candidate the inter-eNB CoMP techniques
RAN1 started the work on the study item during RAN1#74 meeting where the evaluation assumptions for the following three scenarios were agreed [2]:

· CoMP scenario 2 with non-ideal backhaul: CoMP between macro eNBs in homogeneous network
· SCE scenario 1 with non-ideal backhaul: CoMP between macro eNB and small cell eNBs in heterogeneous network
· SCE scenario 2a with non-ideal backhaul: CoMP between small cell eNBs in heterogeneous network
In addition, it was further agreed that, for each evaluated coordination scheme, information relating to a transmission to/from a serving node in a given subframe should be categorized into two groups:

· Group 1 information: information which is considered valid for a period longer than the backhaul delay, which may therefore be provided from a different node(s) from the serving node
· Group 2 information: information which is considered valid for a period shorter than the backhaul delay, which must therefore be derived by the serving node
Focusing on the second goal of the study item, this contribution summarizes Samsung’s view on signalling impacts for inter-eNB operation with consideration of the above definition of group 1/ 2 information.
2 Signalling for Inter-eNB Operation
As described in [1], the goal of Rel-12 SI on CoMP with non-ideal backhaul focuses on CS/CB schemes including semi-static point selection/muting. Compared to these CoMP schemes, JT and DPS would require a tight backhaul (very small latency and very large bandwidth) to manage the HARQ process among multiple cells. As a result, such schemes would be inadequate for application to inter-eNB CoMP with the backhaul which is subject to latency and bandwidth limitation. 
The following subsections discuss the CS/CB operations between eNBs with non-ideal backhaul and the corresponding inter-eNB signalling supports taking into account a network with a non-ideal backhaul.
2.1 Inter-eNB Operation for CS/CB
Coordinated scheduling and coordinated beamforming (CS/CB) is a robust coordination scheme even in case of non-ideal backhaul [3], [4], [5]. For CS/CB schemes, the UEs’ CSIs from multiple eNBs are collected and processed together to allocate the optimal wireless resources (possibly including spatial resources by beamforming) to multiple cells so as to enhance the overall system performance. The result of the resource allocation would be forwarded to the individual eNBs. Upon receiving the result of the resource allocation, the eNB would know which wireless resources can be used for each of its cells. Each eNB would transmit its downlink according to the allocated wireless resources. In the process, information on the resource allocation of neighboring cells could be forwarded to each eNB. Such information would allow the eNB to adjust the link adaptation process to meet the required link performance for the given interference situation. Figure 1 shows the exchange of CSI information of multiples cells for the resource coordination.
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Figure 1: CS/CB operation
The information related to CS and CB could be categorized as follows:
· Information categorization for CS
· Group 1 information: Allocated power per resource (including zero power or muting) determined based on delayed CSI, transmission power information per resource of neighboring cells
· Group 2 information: UE selection, precoding selection (including the number of transmit layers), MCS selection, HARQ process number
·  Information categorization for CB
· Group 1 information: Allocated power per resource (including zero power or muting) determined based on delayed CSI, precoding selection (including the number of transmit layers) , transmission power information per resource of neighboring cells
· Group 2 information: UE selection, MCS selection, HARQ process number
2.2 Inter-eNB Signalling for CS/CB
Based on the CoMP aspects specified in Release 11 and the observation in the previous discussion, it would be easily deduced that key elements that need to be shared between eNBs for CS/CB operation are as follows:

· Information from each eNB to resource coordinator
· # of candidate UEs for the scheduling
· CSI reports of the candidate UEs for scheduling in cells within coordination area
· Example: RI, PMI, CQI, RSRP 
· Average UE throughput per UE
· Information from resource coordinator to each eNB
· Configuration of CSI processes
· NZP CSI-RS resources for transmission points
· CSI-IM resources for interference assumptions
· Result of resource coordination for eNBs in coordination area
The resource coordination would try to find the preferred wireless resource allocation for the cells within coordination area to maximize the overall area performance. One possible metric for the optimization would be proportional fair (PF) value based on average UE throughput per UE and CSIs associated with various channels and interference situations [3]. In particular, each eNB could have multiple CSI reports from UEs by allocating multiple CSI processes each of which is associated with a specific NZP CSI-RS and IMR coordinated among eNBs. Such CSI reports would be shared between multiple eNBs so that the preferred wireless resource allocation could be determined. Finally, if the result of resource coordination is distributed to each eNB, the eNB could know which wireless resources are assigned for its cells.
The form of the message to deliver the result of resource coordination could be determined based on what wireless resources are taken into account for the coordination. Possible wireless resources for the coordination would be time (subframe), frequency (resource block), transmission power, and space (beamforming). Note that more kinds of wireless resources in coordination do not always bring more coordination gain because it is subject to the backhaul latency.
Observation: The followings should be shared between eNBs for CS/CB operation
· Information from each eNB to resource coordinator
· # of candidate UEs for the scheduling
· CSI reports of the candidate UEs for scheduling in cells within coordination area

· Example: RI, PMI, CQI, RSRP 
· Average UE throughput per UE
· Information from resource coordinator to each eNB
· Configuration of CSI processes
· NZP CSI-RS resources for transmission points
· CSI-IM resources for interference assumptions
· Result of resource coordination for eNBs in coordination area
3 Conclusion
This contribution discusses on CS/CB operations between eNBs with non-ideal backhaul and the corresponding inter-eNB signalling supports taking into account the above CoMP aspects specified in Release 11. Having discussed above, the followings are observed:

Observation: The followings should be shared between eNBs for CS/CB operation
· Information from each eNB to resource coordinator
· # of candidate UEs for the scheduling
· CSI reports of the candidate UEs for scheduling in cells within coordination area

· Example: RI, PMI, CQI, RSRP 
· Average UE throughput per UE
· Information from resource coordinator to each eNB
· Configuration of CSI processes
· NZP CSI-RS resources for transmission points
· CSI-IM resources for interference assumptions
· Result of resource coordination for eNBs in coordination area
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