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1. Introduction

In order to reach the requirement of LTE-Advanced, several types of new technique [1]-[7] have been proposed so far for LTE-Advanced including relay station, bandwidth aggregation and collaborative MIMO (called as co-MIMO, CoMP, network MIMO, etc.). Among them, both relay station and collaborative MIMO seem to be beneficial to increase cell-edge UE performance and enhance average sector throughput. In general, inter-cell interference (ICI) reduces cell-edge UE performance and average sector throughput under multi-cell environment with frequency reuse factor 1. Therefore, simple ICI mitigation technique (i.e., fractional frequency reuse (FFR) with UE specific power control) is employed in LTE system in order to provide reasonable performance for a cell-edge UE under the interference-limited environment. However, more sophisticated ICI control scheme seems to be needed to improve the cell-edge UE performance and average sector throughput in LTE-Advanced system.

One of main concepts for network MIMO is that multiple eNBs collaborate to mitigate ICI or even change the interfering signal into desired signal in downlink. These collaboration levels could be different according to the data and the channel state information (CSI) sharing scenarios. Hence, it should be decided that which level of information sharing will be done among the collaborating eNBs by considering the tradeoff between performance and control overhead.
In this contribution, possible network MIMO scenarios according to the information sharing level and some consideration points we have to take into account when employing network MIMO in LTE-Advanced will be discussed.
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Figure 1. Illustration of network MIMO
______________________________________________________________________
2. Possible Scenarios
Several types of network MIMO scenarios have been proposed so far [5]-[6]. For those proposals, we may categorize five scenarios as follows:

· Sharing both CSI and UE data among collaborating eNBs (Scenario-1)
The serving eNB (SeNB) and neighboring eNBs (NeNBs) share both data and CSI for a cell-edge UE, thus full coordinated multi-cell transmission is possible such as multi-cell spatial multiplexing, network precoding [7] and macro-diversity scheme. In this scenario, closed-loop multi-eNB collaboration may provide significant performance gain in terms of cell-edge throughput and average sector throughput by finely adapting multi-eNB channels. To support this scenario, backhaul and/or X2 interface should be used to share the CSI and UE data and the UE should feed back all CSIs for collaborating eNBs. In multi-eNB data transmission for a UE, both RF combining and soft combining can be considered. The former can be implemented in UE transparent manner by transmitting same signals in multiple eNBs so the UE can receive RF combined signals. The latter may provide better performance by optimizing each downlink channels separately. 
Pros: 
- This scenario can provide most significant performance gain in terms of cell-edge UE throughput by closely adapting multi-eNB channels.
- Most of elaborate network MIMO techniques can be implemented. 
Cons: 
- Excessive control signal overhead is expected due to full or partial sharing of both CSI and UE data.
- Complicated network operation should be specified to employ this type of network MIMO.

- Tolerable delay for sharing CSI with NeNBs should be satisfied to obtain the significant performance gain
· Sharing CSI only among collaborating eNBs (Scenario-2)

The SeNB only shares CSI fed back from a cell-edge UE with NeNBs to mitigate and/or avoid inter-cell interference. Several types of CSI can be shared such as interfering precoding vector, cell-edge UE DoA information and interfering power level according to the network MIMO scheme. This scenario also supports closed-loop network MIMO operation by using multi-eNB’s CSI fed back from a cell-edge UE. For example, UE may feed back an interfering precoding index for a NeNB as a CSI for ICI handling so that the NeNB uses codebook subset restriction which is already employed in LTE in order not to make strong interferer to SeNB. 
Pros: 
- Simple multi-eNB operation can be specified to support this type of network MIMO.

- Noticeable performance gain with minimum backhaul overhead can be expected by mitigating and avoiding ICI with closed-loop multi-eNB collaboration. 
Cons:
- Macro-diversity gain could not be exploited with this scenario due to no UE data sharing.

- Full multi-eNB collaboration from simultaneous data transmission is not possible

- UE feedback overhead for NeNB’s CSI is still significant
· Sharing UE data only among collaborating eNBs (Scenario-3)

The SeNB only shares UE data with NeNBs in order to obtain macro-diversity gain. Multi-cell transmission is possible without CSI feedback. Therefore, UE doesn’t need to report CSI for NeNBs, thus open-loop macro-diversity can be obtained in this scenario. In this scenario, both RF combining and soft combining also can be considered as a multi-cell transmission as scenario-1. However, it is not possible to closely adapt NeNB downlink channel since no CSI is available for NeNB. Therefore, SeNB should control NeNBs to exploit macro-diversity gain.
Pros: 
- This scenario may provide minimum UE implementation complexity if RF combining is employed since UE doesn’t need to feed back CSI for NeNBs.

- Additional uplink CSI feedback channel for network MIMO is not needed.
Cons: 
- Open-loop transmission is only possible in NeNBs.

- SeNB should control NeNBs to performance multi-cell transmission to exploit macro-diversity, thus requiring a specification of complicated network operation. 
· Sharing scheduling and ISNR information among collaborating eNBs (Scenario-4)

SeNB and NeNB share scheduling and interference-to-signal-plus-noise ratio (ISNR) information to improve the throughput of a UE in the serving cell without degrading the performance of a cell-edge UE in the neighboring cell. An advanced receiver (e.g., SIC, ML) at the UE together with a cooperative multi-layered data rate control among eNBs enhances the cell interior UE throughput without affecting the cell edge UE performance.   
Pros: 
- Only scheduling and ISNR information is shared, so the information sharing among the collaborative eNBs is minimal (i.e., no CSI sharing nor data sharing).

Cons: 

-  Advanced receivers are needed to enable the throughput improvement.

· Sharing no information among collaborating eNBs (Scenario-5)

There is information sharing between SeNB and NeNB to handle ICI. Therefore, simple ICI mitigation is possible such as soft-FFR with UE-specific power control by using long-term signal-to-interference-plus-noise ration (SINR) information of the UE.
Pros: 
- No additional RAN1 specification is needed.

Cons: 
- Marginal cell-edge UE throughput enhancement and average sector throughput increment are expected as compared with LTE system since there is no noticeable change to handle ICI.
______________________________________________________________________
3. Consideration Points
In the section 2, five possible scenarios are discussed when network MIMO is considered in LTE-Advanced. It is obvious that the system can handle ICI more efficiently as the control signaling overhead gets larger. Therefore, the reasonable tradeoff between performance benefit and signaling overhead should be considered in the initial investigation. Followings should be considered when network MIMO is investigated for LTE-Advanced.
· Reference signal design

For scenario 1, 2, and 4, additional dedicated reference signal could be orthogonally designed for the UE to accurately estimate multiple downlink channels from multiple eNBs. In LTE, cell-specific RS frequency shift is used to randomize inter-cell interference, however, this seems to be not enough to estimate multiple downlink channels since only 3 orthogonal RS frequency shift is available for 2Tx and 4Tx and this is not fully orthogonal. Therefore, multi-cell orthogonal RS structure may need to be designed for estimating channels accurately for neighboring eNB. 

· CSI reporting

For scenario-1 and scenario-2, additional CSI reporting mode should be designed in order to feed back CSI for NeNB and a CSI sharing channel between SeNB and NeNB is needed as well. Two alternatives can be considered to report CSI for neighboring eNB as follows:

- Alternative 1: UE feeds back neighboring eNBs’ CSI to SeNB and SeNB shares this information by using backhaul or X2 interface. In this case, the delay between eNBs may result in large CSI mismatch due to channel aging.

- Alternative 2: UE feeds back CSI directly to the neighboring eNBs to minimize the multi-hop feedback delay. For this, uplink CSI feedback channel should be designed.

· Downlink control information

For scenario-1 and scenario-3 in which multiple eNBs can transmit same data for a UE in the same time-frequency resource, the UE should be capable to receive multiple PDCCH from different eNBs in order to perform soft combining. Similarly, in scenario-4, the cell-edge UE should be capable of receiving the PDCCH from the NeNB or the PDCCH of the SeNB should contain the MCS information corresponding to the data to be transmitted from the NeNB
______________________________________________________________________
4. Conclusion
In this contribution, we discussed possible scenarios of network MIMO and initial consideration points. Five possible scenarios mentioned in the section 2 have pros and cons at the same time and the tradeoff between performance and signaling overhead should be further investigated to improve the cell-edge UE performance and average sector throughput. Therefore, in this initial stage, any of the scenarios should not be precluded in the investigation of network MIMO for LTE-Advanced.
______________________________________________________________________
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