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1. Introduction

In order to reach the requirement of LTE-advanced, several types of new techniques such as relay, carrier aggregation, and coordinated multiple point transmission and reception (CoMP) (it is usually renamed as co-MIMO, collaborative MIMO, network MIMO, etc.) have been proposed so far for system performance enhancement. Among them, CoMP is expected 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. To mitigate ICI, the simple passive technique (i.e., fractional frequency reuse (FFR) with UE specific power control) was employed in LTE system in order to provide reasonable throughput performance for the cell-edge UEs in the interference-limited environment. Instead of reducing frequency resource usage per cell, it is more beneficial to reuse ICI as a desired signal or mitigate the ICI. For these purposes, several CoMP schemes were proposed, and they were classified as “joint processing” and “coordinated scheduling/beamforming”. 

In this contribution, some high-level conceptual candidates for downlink CoMP configurations in the scope of joint processing and coordinated scheduling and their relevant UE/eNB behaviors are described. 
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Figure 1. Illustration of CoMP among intra eNB and inter eNB
2. Downlink CoMP Transmission Schemes and UE/eNB Behaviors
2.1 CoMP Transmission Schemes
One of main concepts for CoMP is ”joint processing” for which multiple eNBs collaborate to change the interfering signal into a desired signal in downlink. Neighbor cells transmit data to a UE in a cooperative manner such that the cell edge throughput is enhanced. In this case, data and the channel state information (CSI) should be shared among the collaborating eNBs through eNB backhaul link.  

Another main concept for CoMP is ”coordinated scheduling” for which multiple eNBs collaborate to mitigate inter-cell interference (ICI). Coordinated scheduling scheme can be supported by UE reporting such as: 1) Bad PMI set reporting and 2) Good PMI set reporting. Bad PMI set reporting [1] is a form of collaboration among multiple eNBs to mitigate ICI by restricting strongly interfering PMI and using the best PMI in a restricted codebook subset in the neighboring cells. UEs feed back serving cell’s PMI and strongly interfering PMI set of neighboring cells to serving cell. Then, neighboring cells restrict strongest interfering PMI(s) and use the best PMI in a restricted codebook subset. On the other hand, good PMI set reporting is another form of collaboration among multiple eNBs to mitigate ICI by using least interfering PMI in the neighboring cells. UEs feed back serving cell’s PMI and least interfering PMI set of neighboring cells to serving cell. Then, neighboring cells choose a PMI in a least interfering PMI set.
2.2 UE/eNB Behaviors 

· Joint processing

To enable joint processing, in addition to the multi-cell measurement capability, UE may be equipped with achievement of higher spectral efficiency. As in the coordinated scheduling, there is necessity for cell edge UEs to report measurement results regarding neighbor cell signal quality. Depending on the CoMP configuration, UE may need additional control information to recognize neighbor cell signal structure and additional receiver complexity to recover the desired data components. For the performance optimization and lower UE cost, further study on the proper joint processing configuration and procedures is required. 

On the other hand, eNB should exchange corresponding control and/or data information to support joint processing. Since multiple points transmit data signal to a specific UE which may not belong to their serving cells, the related information (e.g. scheduling information, channel measurement information, data) should be known before the actual transmission. It is also possible that PMI restriction  is used to enhance joint processing performance in a way of enabling more power spectral density to the target cell edge UEs since the “bad PMI restriction” chooses the PMI of high signal reception quality to the cell edge UEs. By the way, the backhaul overhead and system complexity should be investigated carefully when joint processing is used among multiple eNBs. Note that joint processing among neighbor cells within the same eNB (intra-eNB) may be easily realizable in terms of control/data information sharing. However, joint processing among neighbor cells belonging to multiple eNBs can be prohibitive due to external backhaul traffic overhead and increased system complexity. 
· Coordinated scheduling 

Cell-edge UEs have to report desired PMI for serving cell and bad/good PMI(s) which is requested by the serving eNB to mitigate the inter-cell interference level of the corresponding UEs. If best interference reduction is desired, then a cell edge UE should report the good PMI which incurs less interference to itself. On the other hand, a cell edge UE should report the bad PMI which incurs more interference to itself in case that eNB does not want to impose too much scheduling restriction to the neighbor eNBs. Moreover, if the cell edge UE is incorporated with an advanced receiver that can sufficiently cancel or suppress the neighbor cell interference, the neighbor eNBs may use the bad PMI (sometimes even more preferably) without degrading the performance of the cell edge UE [2].
In case of eNB, the serving eNB should report the cell edge UEs’ recommendation on PMI restriction subset to the corresponding neighbor eNBs. After reception of the corresponding PMI restriction, each eNB needs to try to schedule its own UE with the corresponding PMI recommendation so that the resultant inter-cell interference is maintained below the target interference tolerance of neighbor cell edge UEs. Note that the PMI report is not expected to be frequent and large overhead. In this sense, though inter-eNB backhaul link does not guarantee the traffic latency and available traffic capacity, coordinated scheduling still looks feasible. 
2.3 Comparison between coordinated scheduling and joint processing
Based on the above description, we can summarize the expected benefits and the challenging points of CoMP schemes as shown in Table 1 and 2.

Table 1. Advantage and disadvantages of joint processing

	
	Expected benefit
	Challenging points

	Joint Processing
	- Improved cell edge throughput due to higher power density of desired signal
	- Excessive backhaul overhead and system complexity among multiple eNBs
- Control information exchange among neighbor cells
- Data sharing among neighbor cells

- Scheduling restriction

- Additional UE complexity


Table 2. Advantage and disadvantages of coordinated scheduling
	
	Expected benefits
	Challenging points

	Good PMI set reporting
	- Improved cell edge performance due to ICI reduction

	- Degradation in neighbor cell average throughput (more severer than Bad PMI set reporting)
- Control information sharing among neighbor cells
- Additional UE complexity

	Bad PMI set reporting
	- Improved cell edge performance due to ICI reduction 
-Less scheduling restriction (compared with Good PMI set reporting)
	- Degradation in neighbor cell average throughput

- Control information sharing among neighbor cells
- Additional UE complexity


3. Consideration Points
In the section 2, UE/eNB behaviors according to possible CoMP configurations are discussed when CoMP is considered in LTE-Advanced. Followings should be considered when CoMP is investigated for LTE-Advanced.

· Cell ID
To operate CoMP according to various CoMP configurations efficiently, UE may need to distinguish cell ID whether a cell ID is in the same eNB with UE’s serving cell or not.
· CoMP RS design
For reliable CoMP operation, it is necessary to estimate neighbour cell signal strength and channel information robustly. Additional RS or RS coordination may be required. 
· Reporting information
UE should report the measured information regarding MIMO parameters and channel quality of both serving cell and neighbor cells. 
· Downlink control information

UE should be informed of the neighbour cell signal structure, which can be indicated by the serving cell or neighbour cell. 
4. Conclusion
In this contribution, we discussed “joint processing” and “coordinated scheduling” property and compared them in terms of UE/eNB behaviors. Based on these descriptions, our proposals are followings.
· Both joint processing and coordinated scheduling scheme can be considered as a downlink intra-eNB CoMP scheme. More details in CoMP transmission and its relevant UE/eNB behavior are FFS. 
· Joint processing among multiple eNBs has some challenging points in terms of excessive backhaul overhead and complexity as described in Section 2.
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