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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 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 [1], we discussed CoMP specific PUCCH transmission, which achieves orthogonal PUCCH transmission among UEs whose serving cells are different. Such scheme is useful to improve DL CoMP gains.
In this contribution, we further discuss the transmission schemes for PUCCH in the CoMP case.
This contribution is the updated document of R1-091741. In addition to R1-091741, preliminary evaluations results on the comparison of orthogonal transmission and non-orthogonal transmission are added in Annex.

2. Discussion
2.1. Cell specific PUCCH transmission and CoMP group specific PUCCH transmission
In [1], we discussed “whether the PUCCH is transmitted using the same rule as normal PUCCH or CoMP specific rule in CoMP case”. 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 the resource for persistent-ACK/CQI are explicitly signaled by RRC. The base sequence and symbol-based hopping pattern are generated using serving cell’s ID. The orthogonality of the PUCCH resources is guaranteed only when different cells use different PRBs for PUCCH. The used PRBs for PUCCH should be informed to the neighbour cells.
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 group 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. The initial physical resource (including PRB) for CoMP would also be explicitly informed to the UE. This initial resource information is also shared by several cells. In this case, the “virtual cell ID” and PUCCH PRB for CoMP should be coordinated as shown in figure 1 (b). 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

2.2. Orthogonal transmission and Non-orthogonal transmission for PUCCH CoMP
2.2.1 Non-orthogonal transmission for PUCCH

This scheme is shown in figure 2(a). The amount of inter-cell interference is same with Rel8 typical case. Cells use the same PUCCH PRBs utilizing cell specific PUCCH transmission rules. The only difference (which cannot be seen by the UE) is that the transmitted PUCCH signals may or may not be received by several cells. However, the orthogonality of the PUCCH resources is not guaranteed in the non-serving cells.
If the network decides to use this type of transmission scheme, the amount of the resource used for PUCCH is minimum among the three schemes discussed here. Although the same PUCCH transmission rules as Rel8 can be applied, the gain of CoMP reception would be decreased due to non-orthogonality.
2.2.2 Orthogonal transmission using Cell specific PUCCH transmission (Case 1)
This scheme is shown in figure 2(b). This case can be categorized as one of coordinated scheduling for PUCCH resources b/w cells. Since the PUCCH resources are orthogonalized in the frequency domain on RB granularity, the gain of CoMP reception is increased compared to the non-orthogonal transmission scheme. However, if the network decides to use this type of transmission scheme, the resources used for PUCCH would be increased compared to the non-orthogonal transmission scheme. 
2.2.3 Orthogonal transmission using CoMP group specific PUCH transmission (Case 2)
This scheme is shown in figure 2(c). In this transmission scheme, the network has a choice to maintain the orthogonality in the code domain among PUCCH signals of the UEs from the different cells. Thus, the CoMP gain would be increased if appropriate cyclic shift values are allocated to the UEs.
Although UEs need to handle a “virtual cell ID” for PUCCH transmission in this scheme, CoMP group specific PUCCH transmission scheme can achieve a good trade of b/w the orthogonality of PUCCH and the PUCCH overhead. Another potential merit of this scheme is that the resource used for PUCCH transmission may be the same even when the serving cell changes. This may reduce the interruption time relating to “serving cell change”.
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Figure 2 Orthogonal transmission and Non-orthogonal transmission for CoMP PUCCH

3. Conclusion

In this contribution, we further 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. However, the network only has the choice to maintain the orthogonality on the PUCCH PRB resource level. Orthogonality of the resources is one of the bottlenecks which affect the gain of CoMP. 
On the other hand, a CoMP group specific PUCCH transmission scheme can achieve the orthogonal PUCCH transmission of the UEs in code (cyclic shift) domain. The UEs could belong to different serving cells. This scheme would improve the CoMP gain maintaining small overhead for PUCCH transmission.
As a conclusion, we propose to study the support of CoMP group specific PUCCH transmission in LTE-Advanced in conjunction with “virtual cell ID” concept in DL CoMP.
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Annex 1

Figure 3 shows the simulation model for preliminary evaluations, and Figures 4 and 5 show the evaluation results on the PUCCH performances with/without orthogonal transmission for PUCCH. Note that eNB does not share the soft bit information via X2 interface in Figure 4, while the CoMP reception among 2 cells is employed in Figure 5(i.e., MRC like CoMP reception).

In the simulations, there are 4 UEs which share the same RB for PUCCH transmission, and 2 UEs are served by cell 1 and the other 2 UEs are served by cell2. The average receiving power of the signals from the UEs served by the same cell is assumed to be equivalent.

As shown in the graph, Non-orthogonal transmission has much degradation at the serving cell side even though the power of inter-cell interference is lower than that of the desired signal. Such performance difference is stressed if the MRC like CoMP reception is utilized at the eNBs as shown in Figure 4, since the receiving signal quality at the cell 2 is also degraded due to non-orthogonal transmission. Thus, orthogonal transmission schemes for PUCCH should be considered for LTE-Advanced.
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Figure 3 Simulation model for preliminary evaluation
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Figure 4 Simulation results on the orthogonal/Non-orthogonal transmission (Without CoMP reception)
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Figure 5 Simulation results on the orthogonal/Non-orthogonal transmission (With CoMP reception)
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