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1. Introduction

At the RAN #63 meeting, it was agreed to reduce the scope of WI for inter-eNB CoMP to the items listed below based on X2 interface. [1]
· A CoMP hypothesis comprising a hypothetical resource allocation for at least the receiving node in time/frequency domains 

· How to react to a received CoMP hypothesis signaling is up to receiving eNB’s implementation. E.g. accept or ignore, potentially sending a feedback e.g. “yes/no” to the sending node.
· RAN1 should provide guidance to RAN3 on necessary granularity and rate of CoMP hypothesis in time/frequency domain.

· One or more sets of CSI information (RI, PMI, CQI) of a set of UEs that can be supported taking into account limitations of existing X2 interface

· RAN1 should provide guidance to RAN3 on necessary rate of exchanging one or more sets of CSI reports over X2 interface 

· One or more measurement reports (RSRP) of a set of UEs

· Enhanced RNTP can be signaled between eNBs to facilitate CoMP

· Information granularity of the Enhanced RNTP is extended to the frequency/time domain

· RAN1 should provide guidance to RAN3 on necessary granularity and rate of Enhanced RNTP in time domain

· Information in the Enhanced RNTP is (optionally multi-level) transmit power threshold for only the sender eNB.

· RAN1 should provide guidance to RAN3 on necessary granularity of transmit power threshold and how many levels should be defined

· Possible enhancement on existing Status report, which can be signaled between eNBs to exchange the usage status of the indicated frequency/time resources

· Details of benefit metric should be decided in RAN1 and should be provided to RAN3 from RAN1#76bis

In this contribution, we present general procedures for the inter-eNB CoMP to clarify the backhaul signalling used for the CoMP configurations, and also describe the detailed signalling to be specified based on the three schemes in [2]. Based on the analysis, we illustrate our view on the signalling list for LTE inter-eNB CoMP. 

2. Backhaul Signaling for CoMP-NIB
2.1. General Procedure for CoMP-NIB
In this section, we present all the procedures for the CoMP-NIB operation including the parameter settings of CoMP-NIB. We consider that CoMP-NIB is actualized in a centralized coordinated manner as shown in Fig. 1. In this network architecture, there exists a central unit (CU) for coordination which is connected to multiple eNBs through a non-ideal backhaul. Information needed for the CoMP-NIB is exchanged between the CU and each eNB. Based on such a NW assumption, the procedures for CoMP-NIB are described below.
1. A UE performs measurements for the surrounding cells and sends measurement reports (MRs) to the serving eNB.

2. A CoMP request message is sent to the CU via the backhaul.

· Case 1: If each eNB decides to apply CoMP operation, the message would indicate information regarding the coordinated cells with which the serving eNB coordinates for CoMP. For example, such information includes cell IDs.

· Case 2: If the CU decides to apply CoMP operation for the UE, the message would be the MRs (RSRPs) from the UE.
3. According to the request message, a CoMP reply message is sent from the CU to each serving eNB.

· Case 1: If each eNB decides to apply CoMP operation, the message would be information that is needed for each serving cell to generate the RRC messages for CoMP. For example, such information includes the CSI-RS configuration and virtual cell IDs for the requested cells.

· Case 2:  If the CU decides to apply CoMP operation for the UE, the message would be similar to the RRC messages necessary for CoMP, which are then sent to the UE.
4. The UE is configured with CoMP through higher layer signaling by the serving eNB.

5. The UE performs CSI measurement and feedbacks the CSI to the serving cell.

6. Information related to CSI is sent to the CU. 

· CSI information is dependent on the CoMP-NIB scheme as described below.
7. According to the CSI information, the CU decides the resource allocation. The resource allocation information is sent to each serving cell.
· The resource allocation information would be dependent on the CoMP-NIB scheme.
8. According to the resource allocation information and CSI reported by the UE, independent scheduling is performed.

Steps 1-5 seem to be irrelevant to the CoMP-NIB schemes. Hence, we propose the following.
Proposal 1: Two-way backhaul signaling for configuring CoMP should be at lease supported. 
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Figure 1 – Example of network architecture for CoMP-NIB.
2.2. Backhaul Signaling for CoMP-NIB Based on SSPM
In this contribution, we consider three CoMP-NIB schemes based on SSPM which is considered to be a robust coordination scheme against a non-ideal backhaul. The three schemes are summarized below.
· Short-term Centralized Scheduling (S-CS): Centralized UE scheduling (UE selection, and resource allocation for all UEs) based on short term information (CSI, etc.)
· Downlink information, such as CSI reported by UEs, from multiple eNBs in the coordinated area is gathered and processed to decide the resource allocation and UE selection to each eNB.
· The results of the resource allocation and UE selection are forwarded to each eNB

· For the allocated resources and UEs, each eNB conducts scheduling for the MCS, rank, and precoding selection based on the most recent CSI and the resource allocation on the neighboring eNBs.
· Short-term Centralized Coordination (S-CC): Centralized resource coordination (resource allocation for all eNBs) based on short-term information (CSI, etc.)
· Downlink information, such as CSI reported by UEs, from multiple eNBs in the coordinated area is gathered and processed together to decide the resource allocation to each eNB.
· The results of the resource allocation are forwarded to each eNB.
· For the allocated resources, each eNB conducts scheduling for the UE, MCS, rank, and precoding selection based on the most recent CSI and the resource allocation on the neighboring eNBs.
· Long-term Centralized Coordination (L-CC): Centralized resource coordination (resource allocation for all eNBs) based on long-term information (RSRP, resource utilization (RU), etc.)
· Downlink information, such as RSRP measurement report by UEs, and the load information of each eNB, such as the resource usage, from multiple eNBs in the coordinated area are gathered and processed together to decide the resource allocation to each eNB.
· The results of the resource allocation are forwarded to each eNB.
· For the allocated resources, each eNB conducts scheduling for the UE, MCS, rank, and precoding selection based on the most recent CSI and the resource allocation on the neighboring eNBs 

According to the evaluation results [2], S-CS exhibits a performance gain for an ideal backhaul case, S-CC achieves the best performance with short backhaul latency (0 – 5 ms), and L-CC achieves the best performance with long backhaul latency (50 ms). For each scheme, the required backhaul signaling to be specified is summarized in Table I. Here, we note that RSRP used for L-CC would be necessary anyway to determine the CoMP set and to configure CoMP parameters. 
In order to decide the exact backhaul signaling, the candidate CoMP-NIB schemes in Rel-12 should be first clarified. Currently, we have a slight preference toward S-CC since this scheme provides the best performance compared to S-CS and L-CC with a realistic backhaul assumption.
Table I – Backhaul signaling for SSPM (S-CS, S-CC, and L-CC) 
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2.3. Our View on the Signaling List
Based on the general procedures for CoMP-NIB based on the centralized coordination and the three CoMP schemes, we have the following consideration for the signaling list.
In order to achieve effective inter-eNB coordination for CoMP, the exchange of information for a set of UEs over the backhaul is essential. In our view, both UE measurement reports (RSRP) and CSI reports are useful for NIB-CoMP even though the effectiveness of CSI and RSRP may be different under different backhaul latencies. Some cell-specific information, such as resource utilization, is also important to facilitate the coordination. After coordination, the CoMP hypothesis can be exchanged to indicate the hypothetical resource allocation for multiple nodes, e.g., the receiving node, the sending node, and maybe also the neighboring nodes. How to react to a received CoMP hypothesis signalling for receiving eNB is up to the receiving eNB’s implementation. And the received CoMP hypothesis signalling for sending eNB or neighboring eNBs can be taken into account by the receiving eNB to determine the reaction or perform scheduling.
Proposal 2: The following signaling is recommended for inter-eNB CoMP. 
· A CoMP hypothesis comprising a hypothetical resource allocation for at least the receiving node in time/frequency domains.
· The CoMP hypothesis for sender node and neighboring nodes can be also supported. 
· One or more sets of CSI information (RI, PMI, CQI) for a set of UEs should be supported taking into account limitations of existing X2 interface.
· One or more measurement reports (RSRP) of a set for UEs should be supported.
3. Conclusion
In this contribution, we provided general procedures for the CoMP-NIB based on the centralized coordination and clarified the backhaul signaling used for the CoMP-NIB configurations. We considered three CoMP schemes based on semi-static point muting and presented detailed backhaul signaling for each scheme as summarized in Table I in Sect. 2. Based on the analysis, we illustrate our view on the signalling list for LTE inter-eNB. Although the CoMP-NIB scheme should be further clarified based on evaluation, we have the following proposals.
Proposal 1: Two-way backhaul signaling for configuring CoMP should be at lease supported.
Proposal 2: The following signaling is recommended for inter-eNB CoMP. 
· A CoMP hypothesis comprising a hypothetical resource allocation for at least the receiving node in time/frequency domains 

· The CoMP hypothesis for sender node and neighboring nodes can be also supported. 
· One or more sets of CSI information (RI, PMI, CQI) for a set of UEs should be supported taking into account limitations of existing X2 interface.
· One or more measurement reports (RSRP) of a set for UEs should be supported.
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