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1. Introduction

Coordinated Multipoint Transmission/Reception (CoMP) for shared channels is one of the key technologies for improving a cell edge UE’s throughput. We also think CoMP for control channels especially in uplink (i.e., PUCCH) would also be effective, since the required information size for PUCCH (e.g. CQI and ACK/NACK) per UE may be increased as the number of component carriers increases in LTE-advanced.

In this contribution, we discuss the transmission schemes for PUCCH which can enable the coordinated multipoint reception by several cells.

2. Discussion
2.1. PUCCH transmission schemes for CoMP
In Rel 8, the initial physical resource used for PUCCH transmission is linked to the first CCE index used for PDCCH for dynamic-ACK, or explicitly signalled via higher layer for persistent-ACK/CQI. The symbol-based cyclic shift hopping pattern is determined by the cell-id and the slot number within a radio frame.

The first discussion point for PUCCH CoMP would be “whether the PUCCH is transmitted using the same rule as normal PUCCH or CoMP specific rule”. We denote the former one as Cell specific PUCCH transmission, and the latter one as CoMP group specific PUCCH transmission. Figure 1 shows the concepts of these two schemes.

In the cell-specific PUCCH transmission scheme, UEs would not know if PUCCH is received by multiple cells, since all the PUCCHs are transmitted using exactly the same rules. As shown in figure 1(a), the PUCCH transmitted by UE1, which is served by cell 1, may or may not be received by cell 2. Assuming that the same rules as Rel 8 are used in LTE-advanced, the initial resources for dynamic-ACK are linked to CCEs, and those for persistent-ACK/CQI are explicitly signalled by RRC. The base sequence and symbol-based hopping pattern are generated using serving cell’s ID, and the orthogonality of the PUCCH resources is guaranteed only when different cells use different PRBs for PUCCH. In this case, in order to achieving PUCCH CoMP, the neighbour cells should be informed of the used PRBS for PUCCH at the serving cell.

In the CoMP group specific PUCCH transmission scheme, UE implicitly knows if PUCCH may be received by multiple cells, since PUCCH is transmitted using CoMP specific rules (if configured). Once UE is configured to CoMP group specific rule, the base sequence and hopping pattern are generated using a “virtual cell ID” shared by several cells, and the initial physical resource (including PRB) for CoMP may be explicitly informed. In this case, the “virtual cell ID” and PUCCH PRB for CoMP should be coordinated as shown in figure 1 (b), and the slot number within a radio frame should be synchronized among cells which join CoMP.
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Figure 1 Cell specific PUCCH transmission and CoMP group specific PUCCH transmission

The pros and cons of these two transmission schemes for PUCCH CoMP can be summarized as follows.

· Cell specific PUCCH transmission scheme

· Pros

· No modification is required for PUCCH resource usage compared to Release 8
· UE is required to handle only one cell ID for PUCCH transmission
· Cons

· PRBs for PUCCH CoMP can not be shared by UEs which have different serving cells, since the base sequence and hopping pattern is linked to serving cell’s IDs.

· CoMP group specific PUCCH transmission

· Pros

· PRBs for CoMP can be shared by several UEs which have the same “virtual cell ID”
· Cons

· UE shall handle “virtual cell ID” for generating the base sequence and the hopping patterns

2.2. Considerations on the usage of two schemes
Depending on the depth of the coordination among cells, the CoMP may not be configured in a dynamic resource scheduling basis. In this case, only semi-persistently scheduled signals (e.g. persistent-ACK and CQI) might be able to enjoy gains of CoMP. Since CoMP group specific PUCCH transmission is a good match with such scheduling schemes, it would be better to consider CoMP group specific PUCCH transmission for these signals so that several UEs share the same PRBs for PUCCH CoMP purposes.

On the other hand, if e.g. RRE based CoMP[1] is configured, cells can share the dynamic scheduling information. In this case, CoMP of dynamic-ACK would also be possible, and Cell specific PUCCH transmission scheme is useful for dynamic-ACK.

3. Conclusion

In this contribution, we discuss the PUCCH transmission schemes when CoMP is utilized. Cell specific PUCCH transmission scheme is the simplest solution from UE perspective, and Rel 8 UEs would also be able to participate in CoMP without knowing it. On the network side, the reception may require a certain amount of coordination.

On the other hand, CoMP group specific PUCCH transmission scheme can enhance the orthogonality of PUCCH resources, or efficiency of the PUCCH resource usage. This would be useful for LTE-advanced UEs which are required to send more information via PUCCH within limited transmission power.

In addition, PUCCH CoMP would also have a potential to soften the UE emission issues by reducing power of the transmission.
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