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1. Introduction

At the RAN WG1 #74bis meeting, various CoMP schemes assuming a non-ideal backhaul (CoMP-NIB) were provided with evaluation results [1]-[9]. We observed that the gains from CoMP-NIB are different among companies and further evaluation is encouraged based on the updated evaluation assumption. The goal of this study is to clarify the CoMP-NIB schemes that exhibit moderate gains and the corresponding backhaul signaling. Although such CoMP-NIB schemes are still unclear without comparing evaluation results, we can anticipate the type of backhaul signaling. In our companion document [10], we evaluate three CoMP-NIB schemes based on semi-static point muting (SSPM) and find that the schemes provide potential gains depending on the backhaul delay. Therefore, in this contribution, we present general procedures for the CoMP-NIB to clarify the backhaul signaling used for the CoMP-NIB configurations, and describe the detailed signaling based on the three schemes in [10].
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: 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 [10], 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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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. Although the CoMP-NIB scheme should be further clarified based on evaluation, we propose the following at this stage.

Proposal: Two-way backhaul signaling for configuring CoMP should be at lease supported.
Regarding the CoMP-NIB scheme, we have a slight preference toward short-term centralized coordination which provides moderate gains based on a realistic backhaul assumption.
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