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1. Introduction

In 3GPP RAN #60 meeting, the SID for CoMP for LTE with Non-Ideal Backhaul was approved [1]. In the SID, the main objectives for RAN1 are as follows:  
· 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. 

· In the evaluations, consider the level of backhaul delay achievable with non-ideal backhaul.
· Evaluation should be on the CoMP operation between macro eNBs (CoMP scenario 2 except for the backhaul assumptions), between macro eNB and small cell eNB (small cell scenario #1 with non-ideal backhaul), and between small cell eNBs (small cell scenario #2a with non-ideal backhaul). 

· The study will take into account the outcome of the small cell enhancement study item and previous work on Rel-11 CoMP SI/WI.  
In this contribution, we discuss both of the X2 and air interface signaling for CoMP inter-eNB coordination operation with non-ideal backhaul in Rel. 12, mainly for the coordinated scheduling /beamforming scheme.  
2. Inter-eNodeB signalling in X2 

From the SID [1], three scenarios which are based on CoMP scenario 2 in [2], small cell scenario #1 and small cell scenario #2a, will be considered under the non-ideal backhaul environment. In CoMP scenario 2 with non-ideal backhaul, the inter-eNodeB signaling is used among macro eNodeBs for CoMP coordination. For small cell scenario #1 and #2a, because of the severe inter-cell interference, the inter-eNodeB signaling among small cells within the same cluster should be studied for the coordination. As to the small cells in different cluster, since the coordination among them may not be necessary, the inter-eNodeB signaling issues among them should not be considered. Moreover, for small cell scenario #1 with non-ideal backhaul, the inter-eNodeB signaling among macro cell and small cell with its coverage should also be introduced because of the coordination between macro and small cell with dual connection. 
CoMP with ideal backhauls has been introduced in Rel-11. Three CoMP schemes [2] can be supported such as joint transmission (JT), dynamic point selection (DPS) and coordinated scheduling /beamforming CS/CB. Among the different CoMP schemes considered in Rel-11, JT and DPS require a tight backhaul to manage the DL signal transmission and HARQ process among multiple cells or transmission points. As a result, these two schemes seem not proper where the backhaul is subject to latency and bandwidth limitation. 
In CS/CB, data for an UE is only available at and transmitted from one point in the CoMP cooperating set, and the transmitting points are chosen semi-statically. So there is no need for tight timing requirement for X2 interface to support the DL signal transmission and HARQ process among multiple cells or transmission points. The information by X2 to support the coordination among points inside the CoMP cooperating set is only for user scheduling/beamforming decision, which is based on the feedback from UEs with no tight timing requirement. So CS/CB is a robust coordination scheme for non-ideal backhaul. 
For CS schemes, the wireless resources for downlink transmission of each cell or transmission point participating would be coordinated to enhance the system performance. So in CS, only resources information needs to be exchanged among eNodeBs, which is a very good point for non-Ideal backhaul. 
In Rel.8, to support interference coordination among neighboring sites in DL, Relative Narrowband Tx Power (RNTP) is exchanged over X2 among neighboring sites. The RNTP indicates whether the transmit power is smaller than the RNTP threshold value for each PRB. The receiving eNodeBs takes into account the RNTP value in the scheduler operation. In Rel.11, to support CS, interference information of neighbor cells can be obtained by multiple CSI-RS and IMR configurations at the UE side, and the UE can feed back this information to eNodeB by multiple CSI process.  Since RNTP only indicate the per PRB based Tx power information of eNodeB, it is not enough for CS operation. Here comes our first proposal as follows:
Proposal 1: To support CoMP with non-Ideal backhaul, coordinated scheduling is baseline with the new resources information exchanged among eNodeBs by X2 which is based on the UE’s CSI feedback.
The disadvantage of CS is that it can reduce the frequency reuse factor. In small cell scenario #1 and #2a, for the coordination among small cells, CS may be the proper candidate since CB may not work well on interference avoidance in small area with several eNodeBs. But for CoMP scenario 2, CB can work well since it is in macro area which can improve the performance by increasing the frequency reuse factor when compared with CS. So CB should also be considered in this study item. 
However, CB requires the additional exchange of precoding information between cells or transmission points when compared with CS. Such exchange of precoding information needs to be made with a latency that is small enough in comparison with the channel variation in the time domain.  So we think further study is needed for the performance of CB in various latency of backhaul link. Here comes our second proposal as follows:
Proposal 2: Coordinated beamforming should also be studied where PMI information also need to be exchanged among eNodeBs by X2. 
3. Air interface signalling
In Rel. 11, to support DPS, up to 4 sets per CC of PDSCH RE mapping and quasi-co-location parameters can be configured using RRC signaling, each of which corresponds to a higher-layer list of the parameters. To indicate which set is selected in current subframe for DL PDSCH transmission, DCI format 2D is introduced in TM10. In DCI format 2D, based on DCI format 2C, a 2 bits field “PDSCH RE Mapping and Quasi-Co-Location Indicator” is added.  By this mechanism, the selected set can be dynamically signaled for TM10. 
For CS/CB in non-ideal backhaul, the DL signaling for UE is always transmitted from one transmitting point which can be configured by RRC. So the transmitting points can only be chosen semi-statically, not dynamically. In this case, the 2 bits field “PDSCH RE Mapping and Quasi-Co-Location Indicator” in DCI format 2D is useless. DCI format 2C is enough for CoMP with non-ideal backhaul.  
However, when both ideal and non-ideal backhaul exist within the CoMP operation set, the DPS/JT is still possible. So DCI format 2D should be kept. Here comes our third proposal as follows: 

Proposal 3: DCI format 2D is not needed for CoMP with only non-ideal backhaul inside the CoMP operation set. DCI format 2C is enough for coordination scheduling and beamforming. 

In Rel. 11, to support CoMP operation, multiple CSI-RS and IMR are introduced for CSI measurement under different signal and interference hypothesis. At the same time, multiple CSI process can be configured to feed back those different CSIs. In addition, to enhance the coordination performance, RI reference process is adopted. 
For CoMP with non-ideal backhaul, we can reuse these mechanisms for CSI feedback for CS/CB operation. In case of CS, by multiple IMRs configuration, the different cases of the interference from neighbor TP can be measured, and the UE can feed back this information to eNodeB by multiple CSI process. So current CSI feed back system is enough for CS. 
To support CB, it is better for eNodeB to know which PMI used by neighbor TP has the least interference for specific UE in different frequency resource. However, in current spec., this information can not be fed back by UE. In Rel.11, if neighbor TP’s CSI-RS is configured as signal part of a CSI process, the UE feed back the best PMI and the corresponding CQI when this TP transmit DL signal, which is designed to support DPS. So to further optimize the performance of CB, feedback enhancement should be investigated. The best companion PMI feedback for neighbor TPs can be considered as one candidate. 
In addition, for CQI calculation, the current IMR is muting based interference estimation methods. For CS, the interference is suppressed by PMI based beamforming, so how to estimate the interference of neighbor TP with specific PMI can be studied. Here comes our fourth proposal as follows:
Proposal 4: CSI Feedback enhancement should be investigated to optimize the CB operation with non-ideal backhaul.

4. Conclusions

In this contribution, we discussed the signaling for CoMP inter-eNB coordination operation with non-Ideal backhaul in Rel. 12, mainly for the coordinated scheduling/beamforming scheme. There are mainly 4 proposals as follows:
Proposal 1: To support CoMP with non-Ideal backhaul, coordinated scheduling is base line with the new resources information exchanged among eNodeBs by X2 which is based on the UE’s CSI feedback.
 Proposal 2: Coordination beamforming should also be studied where PMI information need to be exchanged among eNodeBs. 
Proposal 3: DCI format 2D is not needed for CoMP with only non-ideal backhaul inside the CoMP operation set. DCI format 2C is enough for coordination scheduling and beamforming. 

Proposal 4: CSI Feedback enhancement should be investigated to optimize the CB operation with non-ideal backhaul. 
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