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Introduction
Coordinated multi-point transmission/reception (CoMP) is considered as an important technique to increase the cell-edge throughput and/or system throughput. CoMP consists of two kinds of schemes: CS/CB and JP, which need different feedback and exchanged signal overhead. In this contribution, we focus on the considerations of CoMP mode switching in order to increase signal to interference ratio with least coordinated cells.
CoMP mode selection rules
2.1 CoMP categories
1. Coordinated Scheduling (CS)
· With least feedback and exchanged signal overhead, coordinated scheduling can largely decrease interference when time and frequency resource is enough.
· UE needs to report subbands RSRQ (the same as UL Interference Overload Indication (IOI) or UL High Interference Indication (HII) in [1]) to indicate every subband interference level. According to the subband RSRQ, eNB allocates other subbands on which there is small interference to given UEs .
2. Coordinated Beamforming (CB)
· UE needs to measure the CSI, and reports the local cell CSI and neighbor cell CSI to serving cell ( for TDD, SRS can be used).

· According to the reported CSI (or CSI calculated by SRS), eNB can reduce the interference to other users by precoding, in which Zero-Focing, Block Diagonalization, Maximum SLNR or other beamforming algorithms can be used.
3. JP CoMP

· UE needs to measure the CSI, and reports the local cell CSI and neighbor cell CSI to serving cell (for TDD, SRS can be used). And data should be shared among coordinated cells. The signal to be transmitted is sent to coordinated eNBs via X2 interface.
· According to the reported CSI (or CSI calculated by SRS), coordinated eNBs can enhance the UE’s signal strength by joint processing transmitted data.
2.2 CoMP mode selection rules 
In order to obtain good signal quality and to decrease feedback and exchanged signal overhead, the following CoMP selection rules which are in sequence order are used in this contribution.
· CS CoMP mode is used in order to alleviate interference to given UEs.

· If there are any UEs in coordinated cells occupied the coordinated subband, the coordinated cells should reduce the interference to given UEs in serving cell by CB CoMP mode, in which Zero-Forcing, Block Diagonalization, Maximum SLNR or other beamforming algorithms can be used.
· If there are not any UEs occupied the coordinated subband, then the coordinated cells use JP CoMP to increase expected signal strength. 
CoMP mode switching
In this contribution, reducing interference and enhancing expected signal strength are considered simultaneously. A mixed CoMP scheme has been mentioned in [2], in this section, we show a different mixed CoMP scheme as follows.
Local cell CSI and neighbor cell CSI is reported to serving cell (for TDD, SRS can be used). Taking into account the feedback and exchanged signal overhead of CoMP, we propose a method to choose the CoMP mode and coordinated cells.
When serving cell is triggered to CoMP for the cell-edge UE. The CoMP mode is decided as follows:
Step 1 Serving cell does coordinate scheduling itself. If serving cell succeeds to schedule the UE to other PRBs on which there is small interference, the scheduling processing is over, else go to step 2.
Step 2. Serving cell decide the cooperating set according to the reported RSRP of neighbor cells which are close to serving cell’s. Then serving cell sends a scheduling message and coordinated subband index to the coordinated cells in cooperating set.
Step 3. When coordinated cells receive coordinated scheduling messages, they will start scheduling in PRBs. If the coordinated cells succeed to schedule, they send “OK” message and their ID to serving cell. If the coordinated cells fail to schedule, they will send “REJECT” message and their ID to serving cell.
Step 4. Coordinitaed cells which sent “OK” to serving cell adjust their PRBs allocation in order to reduce the interference to given UE which belong to serving cell. In above processing coordinitaed cell which have larger interference to serving cell have higher adjusting priority. The coordinated processing is over if the UE belongs to serving cell received signal quality become good enough. If the signal quality received by the given UE which belongs to serving cell is still bad after that all the coordinated cells have adjusted their PRBs allocation, the flowing mixed CoMP mode can be used.
Coordinated cells which feeds back “OK” message, will participate in JP CoMP with serving cell, meanwhile coordinated cells which feed back “REJECT” message will use CB CoMP to reduce interference to serving cell.
CoMP scenarios
Case1: CS scenarios

As illustrated in Figure 1(a), eNB6 and eNB7 separately have a UE which occupy the same subband as the UE1 in eNB1. eNB1 satisfies to be triggered to CoMP operation for UE1. At first eNB1 attempt to adjust UE1 PRBs allocation to other position on which there is small interference from other cells. If the attempt is successful, coordinated scheduling processing is over. 
As illustrated in Figure 1(b), eNB6 and eNB7 separately have a UE which occupy the same subband as the UE1 in eNB1. eNB1 satisfies to be triggered to CoMP operation for UE1. If eNB1 failed adjusting itself scheduling, then eNB1 sends coordinated scheduling messages and coordinated subband index to eNB6 and eNB7. If eNB6 and eNB7 succeed to schedule, eNB1 receives OK messages from eNB6 and eNB7. If there is not any large interference to UE1, the coordinated scheduling is over. 
In above scenarios, only coordinated messages and coordinated subband index exchange via X2 interface is needed. The feedback and signal exchange overhead is very small. 
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Figure 1(a) CS scenario           Figure 1(b) CS scenario
Case 2: CB mixed with JP scenario

In this section, we show the mixed CoMP scheme application. As illustrated in Figure 2, eNB6 and eNB7 have one UE respectively, which occupy the same subband as the UE1 in eNB1. eNB1 needs CoMP operation for UE1. After coordinated scheduling among eNB1, eNB6 and eNB7, eNB6 feeds back “REJECT” message and eNB7 feeds back “OK” message. eNB6 can use CB CoMP to reduce interference to UE1 in eNB1; eNB7 can use JP CoMP with eNB1 to enhance UE1’s signal strength. In the mixed CoMP mode, interference is reduced by CB, meanwhile, signal strength is increased, so the SINR of UE1 can achieve large gain.
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Figure 2 CB mixed with JP scenario
Conclusions

We have discussed how to switch CoMP mode. A mixed CoMP scheme in which CB and JP CoMP mode are used simultaneously is proposed. In CoMP feedback design, the mixed CoMP scheme should be considered. The feedback contents need further study.
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